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Abstract

Pelvi-ureteric junction obstruction corresponds to an impairment of urinary transport that can lead to renal dysfunction if
not treated. Several mechanisms can cause the obstruction of the ureter including intrinsic factors or extrinsic factors such as
the presence of crossing vessels. The treatment of the disease relies on surgical approaches, pyeloplasty being the standard
reference. The technique consists in removing the pathologic ureteric segment and renal pelvis and transposing associated
crossing vessels if present. The vascular anatomy of the pelvi-ureteric junction is complex and varies among individuals,
and this can impact on the disease development and its surgical treatment. In this review, we summarize current knowledge
on vascular anatomic variations in the pelvi-ureteric junction. Based on anatomic characteristics, we discuss implications
for surgical approaches during pyeloplasty and vessel transposition.
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Abbreviation
PUJ Pelvi-ureteric junction

Introduction

Pelvi-ureteric junction (PUJ) obstruction corresponds to an
impairment of urinary transport from the renal pelvis to the
ureter. The disease can lead to progressive hydronephrosis
or renal dysfunction and can favor calculus formation and
pyelonephritis [1]. The obstruction can be caused by several
mechanisms including intrinsic factors such as a ureteric
stenosis, an aperistaltic ureteral segment, infoldings of the
ureteral mucosa or extrinsic factors including fibrous bands
or crossing vessels [1, 2]. When symptomatic or associated
with complications, the treatment of PUJ obstruction is
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indicated and relies on surgical approaches. Several tech-
niques have been developed, and pyeloplasty as described
by Anderson and Hynes remains the reference standard [1,
3]. The technique consists in removing the pathologic ure-
teric segment and renal pelvis and transposing associated
crossing vessels or removing calculus if present. This can
be performed via open surgery or via minimally invasive
procedures including laparoscopic or robotic pyeloplasty
[1, 3]. Even if pyeloplasty remains the gold standard, an
exclusive crossing vessel transposition can be proposed in
some cases. Vascular anatomy of the pelvi-ureteric junction
varies among individuals, and the causal link between cross-
ing vessels and PUJ obstruction can be difficult to evaluate.
The aim of this review is to summarize current knowledge
on vascular anatomic variation in the PUJ. In the limelight of
anatomic characteristics, we discuss consequences for surgi-
cal approach during pyeloplasty and vessel transposition.

Anatomic characteristics of the PUJ

Anatomy of the PUJ region

Kidneys are retroperitoneal organs located in the lumbar
region (Fig. 1). Renal hilus is formed by several structures

including the renal veins and arteries, the renal pelvis as
well as neurologic and lymphatic structures. The renal artery
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Fig. 1 Anterior retroperitoneal
representation of kidneys. (1)
Inferior vena cava, (2) right
suprarenal gland, (3) right
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originates from the left and the right side of abdominal aorta,
below the superior mesenteric artery [4]. Right and left
renal arteries can originate from the abdominal aorta at the
same level, around the first or the second lumbar vertebra,
or in some cases, the left renal artery originates at an upper
level. Renal arteries move toward the rear and the right renal
artery is longer and behind the vena cava. Classically, renal

Fig.2 Classic division of renal
arteries. a Anterior frontal
section of the kidney. (1) Seg-
mental superior artery, (2) seg-
mental antero-superior artery,
(3) posterior branch, (4) renal
artery, (5) anterior branch, (6)
segmental antero-inferior artery,
(7) ureteric antero-superior
artery, (8) segmental inferior
artery. b Posterior frontal sec-
tion of the kidney. (1) Seg-
mental postero-superior artery,
(2) anterior branch, (3) renal
artery, (4) posterior branch, (5,
7) segmental postero-inferior
arteries, (6) postero-superior
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\

arteries divide into anterior and posterior branches (Fig. 2).
The anterior branch further divides into segmental superior,
segmental inferior, segmental antero-superior, segmental
antero-inferior and antero-superior ureteric arteries. The
posterior branch divides into segmental postero-superior,
segmental postero-inferior and postero-superior ureteric
arteries. Arterial renal vascularization has the peculiarity
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ureteric artery. ¢ Superior axial c
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to be terminal which means that in case of damage of a
segmental artery, there is no supply by another trunk which
can lead to a segmental renal infarct and renal dysfunction.
Other collateral branches that originate from the renal artery
include the adipo-capsular artery, the inferior suprarenal
artery and the pelvi-ureteric artery which vascularize the
renal capsule, the suprarenal gland and the ureter.

Renal veins originate from venous trunks that drain seg-
mental veins [5]. They are oriented upward and inward to
join the inferior vena cava (Fig. 1). The left renal vein is
longer and crosses in front of the abdominal aorta, just below
the origin of the superior mesenteric artery. The left renal
vein drains the genital veins as well as the inferior supra-
renal vein. On the right side, genital veins and the inferior
suprarenal vein directly flow into the inferior vena cava [6].
Renal lymphatic system is formed by a subcapsular cortical

Fig.3 Variations in renal arte-
rial vascularization (adapted
from Henry et al. [6] and
Boudghene et al. [5]). a Classic
renal arterial vascularization:
presence of one renal artery.

b Presence of one additional >
renal artery. (1) Oriented to

the hilum, (2) oriented to the
superior pole, (3) oriented to
the lower pole. C Presence of
two additional renal arteries.
(1) Additional renal arteries
oriented to the hilum, (2) addi-
tional renal arteries oriented,
respectively, to the superior and
the inferior pole. d Presence of
polar arteries originating from
the renal artery. (1) Polar supe-
rior artery, (2) polar inferior
artery

A (1) 75%

B (1) 12%

cC 1%

D (1) 13%

network and a deep network that drain into latero-cava and
latero-aortic lymph nodes [6]. The renal innervation depends
on the renal plexus. Parasympathetic afferences originate
from vagal nerves, and sympathetic afferences come from
splanchnic nerves.

Arterial anatomic variation in the PUJ

Vascular anatomy of the PUJ can differ among individu-
als, and these variations may potentially be involved in PUJ
obstruction and can impact on its surgical treatment.
Several anatomists observed that renal artery is not
always unique (Fig. 3) and reported a duplicity of the renal
artery in at least one third of the cases examined [7]. When
present, it is estimated that the duplicity of the renal artery
is also observed on the contralateral side in half of the cases

5-6%

(2 7-8% 3)
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[7]. Additional renal arteries originate from the abdominal
aorta and can vascularize the hilum, the superior pole or the
inferior pole (Fig. 3b, ¢). When present, a unique additional
artery is more frequently observed than two additional renal
arteries [5]. Some authors have estimated the incidence of
first and second additional arteries at 23.2 and 4.5%, respec-
tively [8]. These results are in accordance with other ana-
tomic descriptions that reported a duplicity of renal artery in
24-26% of cases and a triplicity of a renal artery in approxi-
mately 3% of cases [5, 6]. Interestingly, additional arteries
were more frequently observed on the left side (32% of cases
versus 23.3%) and significant differences were observed
depending on sex and ethnic origin. The morphometry of
additional vessels was analyzed, and the mean lengths of
first and second additional renal arteries were, respectively,
4.5 and 3.8 cm (right side), 4.9 and 3.7 cm (left side). The
mean diameters were, respectively, 0.4 and 0.3 (right side),
and 0.3 and 0.3 cm (left side). While renal artery can be
unique or multiple, its division into segmental branches can
also varies among individuals. To analyze functional kidney
vascularization, a proportional analysis of each renal arte-
rial segment was performed in 49 cases by injecting each
arterial segmental branch with colored resin [9]. The pres-
ence of five arterial segments was more frequently observed
than four arterial segments (respectively, 61.2 and 38.8%
of cases). The median proportional areas of the superior,
antero-superior, antero-inferior segments were, respectively,
13.02, 21.36 and 17.18%. The anterior segment was present
in 38.8% of cases and had a median proportional area of
28.44%. The inferior segment was present in all cases and
had a median proportional area of 22.65%. The posterior
segment was also present in 100% of cases and was the seg-
ment with the greatest median proportional area (33.76%).
These results reveal that anatomy of renal artery and its divi-
sion into branches differ between individuals and induce
variations in renal vascularization. Other authors addressed
the anatomic variations in the upper segmental renal artery
[10]. Based on the observation of 50 human kidneys, they
found that the upper segmental renal artery was present in
98% of cases and described four types of variation in arterial
pattern of upper segmental artery and two variations in the
anatomic relations with the collecting system.

Polar arteries represent vessels which can arise from the
renal artery or directly from the abdominal aorta (Fig. 3b-2,
b-3, d-1, d-2). They are not systematically present, and the
criteria used to characterize them are not clearly defined.
Some define it based on their origin, whereas others char-
acterize it based on their vascular ending to the renal pole,
which can induce bias when comparing the studies. When
defining polar arteries as vessels which originate from the
abdominal aorta that goes to the renal pole, Henry et al. [6]
estimated the prevalence of a polar superior and inferior
artery in, respectively, 8 and 6% of cases. Other authors
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defined polar arteries as vessels that arise from the renal
artery and terminate in the renal pole and reported the pres-
ence of a polar superior artery in 13% of cases and a polar
inferior artery in 2% of cases [5]. To better characterize the
origin of polar arteries from the division of the renal artery,
Ternon et al. [7] classified the different configurations when
renal artery is unique (Fig. 4). They showed that the polar
inferior artery can originate directly from the renal artery
(type 1) or can arise at the division of the renal artery to the
anterior and posterior branch (type 2), or can originate from
the anterior branch (type 3). In type 4, polar artery arises
from the posterior branch. At last, in type 5, no inferior polar
artery is observed. Hence, the presence or not of a polar
artery contributes to vascular anatomic variation among
individuals and can potentially impact on PUJ obstruction.

To better understand the vascular anatomy of the PUJ,
some investigators analyzed 546 kidneys harvested from
cadaveric donors [11]. Sampaio et al. [11] revealed that in
65% of cases, a prominent artery, vein or both were in close
relation to the ventral surface of the PUJ. In 45% of these
cases, this was in relation to an inferior segmental artery
and in only 6.8% of the cases an inferior polar artery crossed
anteriorly the PUJ. These findings corroborate the low fre-
quency of polar arteries observed in other studies [5, 6]. A
direct relation between a large vessel and the dorsal surface
of the PUJ was much less frequent and observed in 6.2% of
cases [11]. Considering the inferior surface, a vessel cross-
ing lower than 1.5 cm above the posterior surface of the PUJ
was observed in 20.5% of cases. The observation of a close
relation between vessels to PUJ led investigators to study
the prevalence of crossing vessels. Based on analyses of CT
angiography and endoluminal ultrasonography, clinical stud-
ies reported a prevalence of crossing vessels from 22.7 to
71% [12-16]. To go further in the characterization of cross-
ing vessels, Leavitt et al. [15] analyzed computed tomogra-
phy angiography images from asymptomatic patients with
a radiographically normal PUJ. They reported that crossing
vessels were more frequently left-sided (in 60.1% of cases
versus 39.9%) and an artery was most frequently involved
(81% of cases). The location of the crossing vessel relative
to the PUJ varied and included anterior (25.8%), antero-
lateral (36.8%), medial (14.6%), antero-medial (2.5%), lat-
eral (12.9%) and posterior (7.4%). Similarly, Zelster et al.
[14] also found that crossing vessels were more frequently
anterior than posterior. At last, the mean diameter and the
mean distance of the crossing vessels from the PUJ were,
respectively, 3.3 mm and 1.8 mm.

Consequences for clinical practice
In the limelight of studies on vascular anatomic variation in

the PUJ, several points should be taken into consideration.
First, no consensus has been established to clearly define
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Fig.4 Variation in origin of polar artery when it arises from a unique renal artery (adapted from Ternon et al. [7]). a Type 1 configuration. b
Type 2 configuration. ¢ Type 3 configuration. d Type 4 configuration. e Type 5 configuration

crossing vessels, additional renal arteries and polar arteries.
An additional renal artery corresponds to an artery other
than the main renal artery which arises from the abdomi-
nal aorta and terminates in the kidney. However, the terms
“accessory,” “aberrant,” “anomalous,” “supernumerary,”’
“multiple,” “accessory aortic hilar” arteries have also been
used to describe additional arteries. Besides, polar arteries
have been described as vessels that go to the superior and
inferior poles, whatever their origin from the renal artery or
the abdominal aorta. In the latest case, polar arteries could
in fact correspond to additional arteries as defined by other
authors (Fig. 3b3, b4, d). This could have led to heterogene-
ity among different studies and contributes to confusion in
the literature regarding nomenclature. Second, the conse-
quences of the presence of crossing vessels and its direct
causal link with PUJ obstruction can be difficult to evalu-
ate. As suggested by Sampaio et al., it is possible that many
of the vessels in close relation to the PUJ could be in fact
normal segmental arteries that do not cause PUJ obstruction
[11]. To assess the impact of crossing vessels as etiology of
PUJ obstruction, Stern et al. [17] performed an intraopera-
tive Whitaker test to infuse saline in the renal pelvis and
measured bladder and renal pelvic pressures before and after
complete mobilization of the PUJ. They did not find changes
of renal pelvic pressure after mobilization of the renal pelvis

LIRS LEINT3

in patients without crossing vessels, whereas the mean pel-
vic pressure significantly declined after vessel repositioning
in patients with crossing vessels [17]. Their results suggest
that lower pole crossing vessels directly contributes to PUJ
obstruction by causing extrinsic compression. Neverthe-
less, the number of patients included is low and these results
cannot be extrapolated to the general population. In clinical
practice, PUJ obstruction is diagnosed based on injected CT
scan images which can be complemented with dynamic tests
such as diuretic 99 mTc-mercaptoacetyltriglycine (MAG3)
dynamic scintigraphy or Tc-99m DTPA dynamic renal scin-
tigraphy [1]. These tests represent useful tools to evaluate
the functional renal consequences and the severity of the dis-
ease, but cannot formally determine the etiology of the com-
pression. To go further in the assessment of crossing vessels
involvement in the PUJ obstruction, it would be interesting
to precisely evaluate their distance and their diameter from
the PUJ. This could help to determine predictive factors to
assess the impact of crossing vessels on PUJ obstruction.

Implication for surgical approaches

The precise knowledge of renal vasculature is of valuable
contribution for surgical approaches.

@ Springer
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As described by anatomists, the anterior surface of the
PUJ is highly vascularized and requires a precise dissection
to avoid any arterial damage. Several techniques have been
developed to treat PUJ obstruction, among which pyelo-
plasty remains the reference standard [1, 3]. The technique
was first described by Foley in 1937 and was modified by
Anderson and Hynes [1, 3, 18, 19]. Anderson—Hynes tech-
nique was originally performed via open surgery and evolved
since the development of minimally invasive approaches
including laparoscopic or robot-assisted procedures. Both
retroperitoneal and transperitoneal approaches can be per-
formed to remove the pathological ureter and the pathologic
renal pelvis. When present, crossing vessels are dissected
and transposed behind the PUJ [19]. At the end of the pro-
cedure, a pelvi-ureteric anastomosis is created and tempo-
rarily protected using a double-J catheter. While the choice
between retroperitoneal and transperitoneal approaches
mainly depends on training and experience of the surgeons,
the transperitoneal approach has the advantage to provide
familiar anatomic landmarks and larger working space to
suture. However, the retroperitoneal approach offers a rapid
and direct access to the PUJ by simple elevation of the lower
pole of the kidney and allows better detection of crossing
vessels [19-21]. Using laparoscopic approaches, the rate of
ureteric transposition of the PUJ anterior to the lower pole
has been reported in 42% of cases [19, 21]. Several authors
suggest that this rate may be higher than in open surgery due
to minimal mobilization of the kidney needed to access the
PUJ when using laparoscopic approach. Open pyeloplasty
may require a mobilization of the entire kidney and may
modify the relations of the PUJ to lower pole vessels, reduc-
ing the possibility to identify crossing vessels as a potential
cause of obstruction.

Both laparoscopic pyeloplasty and robot-assisted pyelo-
plasty have proven efficiency to treat PUJ obstruction [19,
20]. A meta-analysis revealed that the rates of postopera-
tive complications and success were similar between the two
approaches, but robot-assisted pyeloplasty was associated
with a 10-min operative time reduction and a significant
shorter hospital stay [22]. Vascular outcome may not sig-
nificantly differ between the two approaches as revealed by
similar mean blood loss and low frequency of vascular com-
plications (Table 1). Besides, the identification of a cross-
ing vessel was similar among the groups, with rates ranging
from 42 to 57.1% in the laparoscopic approach and from 30
to 48.9% in the robot-assisted procedure [21, 23-31].

While pyeloplasty represents the surgical approach the
most commonly used to treat PUJ obstruction, the exclusive
transposition of crossing vessels initially developed by Hell-
strom et al. has been proposed as a therapeutic alternative
and has proved efficiency in selected cases [32-36]. Com-
pared to pyeloplasty, the technique has the advantage to be
less technically challenging, to require minimal suturing and

@ Springer

no need for incising the renal pelvis leaving the collecting
system intact [34]. However, the challenge of this approach
is to evaluate its indications as to date, no imaging tech-
niques or intraoperative procedures are available to formally
confirm that the crossing vessels are the unique cause of
obstruction of the PUJ. The indications of the technic have
been based on preoperative images as well as perioperative
empirical judgment. Zhang et al. evaluated the morphologi-
cal and functional status of the PUJ and defined the follow-
ing criteria to perform the laparoscopic Hellstrom technique:
a normal appearance of the PUJ, transmission of peristaltic
wave across the PUJ and complete drainage of urine after the
relief of oppression [34]. Similarly, intraoperative decision
to perform the Hellstrom technique by other authors was
based on the presence of the crossing vessels, a grossly nor-
mal appearance of the ureter and PUJ as well as a small renal
pelvis [32]. Nevertheless, these criteria can be subjective and
potentially lack of sensitivity to detect intrinsic causes of
PUJ obstruction. This could partly explain some cases that
report failure of Hellstrom technique [37]. At last, Schneider
et al. proposed an anatomic classification based on the loca-
tion of polar vessels that may help to choose between a lapa-
roscopic vascular hitch and a dismembered pyeloplasty. In
their study, polar vessels were located in front of the dilated
pelvis in type 1; in type 2 in front of the PUJ in type 2; and
under the PUJ in type 3, resulting in ureteral kinking. Based
on their experience, the authors suggest that only patients
with type 3 anatomic variation and with a normal PUJ
should be proposed for the laparoscopic vascular hitch and
that in other cases dismembered pyeloplasty should remain
the standard treatment option. Clinical studies performed
so far underline the lack of clear objective criteria to choose
the most appropriate surgical approach. Further detailed
morphological studies may be useful to identify anatomic
criteria of crossing vessels that could be useful parameters to
evaluate indications of each surgical technique. The diameter
of crossing vessels, their location and their distance to the
PUIJ could potentially represent attractive tools to evaluate
the need to transpose crossing vessels and whether it should
be associated with pyeloplasty.

Conclusion

Vascular anatomy of the PUJ differs among individuals and
the nomenclature used in the literature to define crossing
vessels and polar arteries is not clear. This led to heteroge-
neity among different studies highlighting the real need to
standardize the definitions. The existence of crossing ves-
sels in the PUJ has several implications for clinical practice.
First, caution should be taken when dissecting the region
to avoid any arterial damage which could lead to ischemic
lesions. Second, the identification and the visualization of
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crossing vessels may be impacted depending on the surgical
approach performed to treat PUJ obstruction. At last, the link
between the presence of crossing vessels and the etiology of
PUJ obstruction may be difficult to assess and the indications
of exclusive vessel transposition over its association with
dismembered pyeloplasty remain to be precisely defined.
Further studies should be oriented to better characterize
morphology and relations of crossing vessels to the PUJ
based on imaging as well as perioperative observations. We
believe that this could potentially lead to identify predic-
tive factors that would be useful to help to choose the most
appropriate surgical approach in context of PUJ obstruction.
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