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Abstract
Purpose Uretero-pelvic junction obstruction is the most common cause of prenatal hydronephrosis. It can be intrinsic, 
extrinsic due to crossing vessel (CV) or mixed. This paper aims to present the surgical outcome in a single pediatric third-
level center.
Methods A retrospective analysis of all children operated between 2011 and 2018 was conducted. Demographic informa-
tion, pre-operative pelvic antero-posterior diameter (APD), intra-operative parameters, hospital stay and follow-up were 
considered. Re-do operations and success rate for Vascular Hitch (VH), open and laparoscopic pyeloplasties were recorded.
Results 128 patients were included. The mean pre-operative APD was 30 mm. The etiology was intrinsic in 71.9%, extrinsic 
in 25.0% and mixed in 3.1%. The median age between intrinsic and extrinsic groups was statistically different. Thirty-one 
VH, 88 dismembered and 9 non-dismembered pyeloplasties were performed. The median hospital stay was 2 days for VH 
and 6 for pyeloplasties. The median hospital stay was statistically longer in open pyeloplasties compared to laparoscopic. 
The mean post-operative APD was 14 mm. The success rate after VH was 90.3%, after open pyeloplasties 97.9% and after 
mini-invasive pyeloplasties 91.8%.
Conclusions VH could be a good option in the treatment of hydronephrosis due to CV, laparoscopic pyeloplasties have 
equivalent success rate and shorter hospital stay than open pyeloplasties.
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Abbreviations
UPJO  Ureteropelvic junction obstruction
UPJ  Ureteropelvic junction
CV  Crossing vessel
DP  Dismembered pyeloplasty
NDP  Non dismembered pyeloplasty
APD  Antero-posterior diameter

US  Ultrasound
fMRU  Functional magnetic resonance urography

Introduction

Hydronephrosis is the impairment of urinary flow from the 
renal pelvis to the ureter. Most cases are caused by intrinsic 
factors, such as an aperistaltic ureteral segment, infoldings 
of the ureteral wall or true strictures [1]. Extrinsic forms of 
uretero-pelvic junction obstruction (UPJO) include the pres-
ence of an aberrant crossing vessel (CV), kinkings or fibrous 
bands over the uretero-pelvic junction (UPJ) [2, 3]. Intrinsic 
UPJO is one of the most frequent urological diseases affect-
ing the pediatric population, and it is the most common path-
ological cause of prenatal dilation of pelvis and calices and 
neonatal hydronephrosis with an overall incidence of 1:1500 
[4, 5]. 50–75% of the prenatal hydronephrosis stabilizes or 
resolves spontaneously with the growth of the child [6–8]. 
In the remaining cases, surgical correction is recommended 
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to avoid a progressive and irreversible deterioration of renal 
function due to chronic pelvic obstruction [9].

The surgical gold standard for patients with hydrone-
phrosis has always been dismembered pyeloplasty (DP) as 
described by Anderson and Hynes in 1949 [10, 11]. Another 
surgical technique which can be a valid alternative to DP 
in case of aberrant CV is the vascular hitch (VH), first 
described by Hellstrom in 1949. It consists in displacing 
and fixing the UPJ in a more distal position [12–14]. This 
technique was later modified by Chapman, who proposed 
moving the CV more cranially within a wrap of the anterior 
wall of the redundant pelvis, without vascular adventitial 
sutures [15]. According to Schneider et al. the only situation 
in which a VH has to be performed is when the vessels are 
under the UPJ, resulting in ureteral kinking (defined as a ure-
teral curl or bend around the polar vessels similar to a swan-
neck ureter) [16]. Some authors reported good results also 
by performing a non-dismembered pyeloplasty (Y–V Foley) 
(NDP), especially in those patients with a small-sized renal 
pelvis, a long narrow ureteric segment or a high insertion of 
the ureter [17]. Laparoscopic pyeloplasty for the manage-
ment of UPJO provides operative times, total hospital costs, 
and success rates similar to those of open surgery, but at the 
same time patients treated laparoscopically benefit from the 
minimally invasive approach with reduced morbidity [18]. 
Minimally invasive surgery includes also the laparoscopic-
robotic assisted approach. Long-term follow-up shows that 
robotic pyeloplasty is a safe method, with advantages com-
pared to open pyeloplasty, and with the same success rate 
[19].

The aim of this study was to evaluate the outcome of 
UPJO surgery in a single pediatric third-level center, ana-
lyzing the long-term follow up of children who underwent 
laparoscopic VH, laparoscopic/open DP and NDP in a 
seven-years-period.

Material and methods

We retrospectively reviewed data of all children who under-
went surgical treatment for hydronephrosis in the period 
from January 2011 to March 2018 in the Giannina Gaslini 
Children’s Hospital of Genoa. The indications for surgery 
were based on the following criteria: symptomatology 
(recurrent flank pain, urinary tract infection), increased renal 
pelvic antero-posterior diameter (APD) (with or without cal-
icectasis), worsening of split renal function and poor drain-
age function after the administration of furosemide.

Demographic data, pre-operative and intra-operative 
parameters, and post-operative follow-up results were evalu-
ated. The following descriptive items were considered: sex, 
side of the affected kidney, age at surgery and associated 
morphologic anomalies. Pre-operative pelvic APD had been 
evaluated with ultrasound (US) or with functional Mag-
netic Resonance Urography (fMRU), all the patients had 
an obstructing drainage curve detected at the dynamic renal 
scintigraphy before the operation.

The descriptions of all surgical procedures were reviewed. 
The etiology of UPJO could be intrinsic, extrinsic due to a 
CV or mixed (Fig. 1). Patients underwent a classic Anderson 
Hynes DP when a pure intrinsic UPJO or a mixed etiology 
(intrinsic stenosis with aberrant CV) was detected. Children 
with CV without any associated intrinsic UPJO underwent 
Hellstrom VH. In patients with intraparechymal pelvis or 
with long stenotic tract a Foley NDP was preferred. The 
surgical approach was open, laparoscopic or robotic assisted. 
The robotic system was used only in a twelve-months-period 
in which it was available in our pediatric institution (Avril 
2016–March 2017). The post-operative length of hospital 
stay (LHS) was recorded for all the children. The laparo-
scopic and robotic assisted operations were all performed 
by a single surgeon, while the open pyeloplasties were per-
formed by 4 surgeons.

Fig. 1  Laparoscopic images of 
intrinsic and extrinsic UPJO. 
a laparoscopic view of an 
intrinsic uretero-pelvic junction 
obstruction of left side, b lapa-
roscopic view of an extrinsic 
uretero-pelvic junction obstruc-
tion due to a crossing vessel
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Success after the surgical procedure was defined as reso-
lution of symptoms (urinary tract infections or pain) and 
improvement of hydronephrosis detected at US or fMRU 
with reduction of APD without tension and compression 
of the kidney parenchyma. The worsening of the hydrone-
phrosis was defined as the augmentation of APD at US or 
fMRU with the persistence of kidney parenchyma compres-
sion and drainage curve with obstructing pattern detected 
with dynamic renal scintigraphy or fMRU. These patients 
were later re-operated. Redo operations and the APD after 
the re-operation were recorded to evaluate the success rate 
of the re-do surgical procedure.

Surgical details in laparoscopic and robotic surgery

The patient is usually positioned in a 60° lateral decubitus 
with the affected side elevated, over a soft roll. Transperi-
toneal laparoscopy (with or without the robotic assistance) 
is performed by placing a 12-mm umbilical camera port, 
followed by two 3–5-mm working ports (8 mm if robotic 
assisted) placed in the epigastrium and in the ipsilateral 
lower quadrant, respectively. Operating on the right side 
may require a fourth 3-mm port to retract the liver. Access 
to the renal pelvis and ureter is achieved by displacement 
of the colon, with the minimal opening of the parietocolic 
peritoneum. An anterior approach to the perinephric area 

is used to safely manage the vessels and the pelvis. When 
a CV is identified, the pelvis is mobilized and a Hell-
strom VH is performed dislocating the UPJ more caudally 
(Fig. 2). During this phase the surgeon must be very care-
ful to respect the aberrant CV, in fact in most cases it is an 
arterial vessel which supplies the lower pole of the kidney. 
Impairment of the aberrant artery can cause an ischemia 
of the lower renal pole. The hitch is usually performed by 
three single stitches with a 5/00 absorbable monofilament 
thread. When a crossing vessel is not present and/or a nar-
row UPJ is visualized during the dislocation of the pel-
vis, the surgeon usually decides to perform a pyeloplasty. 
In most cases, the Anderson-Hynes DP is preferred. The 
pelvis is suspended with a single traction stitch and the 
urinary continuity is completely interrupted in the stenotic 
UPJ. The anastomosis is performed with a 6/00 absorbable 
monofilament thread making an intermittent suture in the 
posterior wall and a continuous suture in the anterior one. 
During the procedure, a pelvi ureteric double J stent is 
positioned to protect the anastomosis and it is maintained 
for 30–45 days. When the pelvis is intraparechymal or the 
stenotic tract is too long, the surgeon could decide to per-
form a Foley NDP. The pelvis is suspended with a single 
traction stitch and the urinary continuity is partially inter-
rupted at the stenotic UPJ. The anastomosis is performed 
with a 6/00 absorbable monofilament thread.

Fig. 2  Intra-operative laparoscopic sequence of vascular hitch for 
extrinsic uretero-pelvic junction obstruction due to a crossing ves-
sel. (1) A crossing vessel is visible over the uretero-pelvic junction; 
(2) dislocation of the uretero-pelvic junction among the vessel; (3) 
Beginning of the hitch that is usually performed by single stitches 

with a 5/00 absorbable monofilament thread; (4) performing of the 
first stitch of the vascular hitch; (5) no intrinsic narrowing are macro-
scopically visible and confirmed with the diuretic test; (6) end of the 
first stitch of the vascular hitch
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Statistical analysis

Descriptive analysis of the entire cohort of patients had been 
performed first. Patients characteristics were provided: cat-
egorical data were summarised in terms of absolute frequen-
cies and percentages, and quantitative variables were sum-
marised in terms of mean, medians and range, as the data 
were not normally distributed. Fisher’s two-tailed exact test 
was used for dichotomous variables, the differences between 
groups about the age at surgery and hospital stay were cal-
culated with the parametric t Student test. A p value < 0.05 
was considered statistically significant.

Results

In the study period, 160 patients with hydronephrosis had 
been operated (98 males and 62 females). The affected 
side was right in 72 patients and left in 88 cases. Thirty-
two patients were excluded because of incomplete data or 
because they were lost during the follow-up. The included 
patients were 128, of which 75 males and 53 females (ratio 
M:F = 1.58:1), 60 with right side affected and 68 left side. 
Three patients had a double collecting system, one patient 
had a horseshoe kidney. The mean pre-operative APD was 
30 mm (median 30 mm, range 12–70 mm). In patients 
who later underwent VH the mean pre-operative APD was 
32.8 mm (median 31), while in those who later underwent a 
pyeloplasty it was 29 mm (median 27).

The etiology of the obstruction was intrinsic in 92 patients 
(71.87%), extrinsic due to the presence of an obstructing CV 
in 32 (25.0%) and mixed in 4 cases (3.12%). The operation 
was open in 49 cases and laparoscopic in 79 cases (6 robotic-
assisted). The Anderson Hynes DP had been performed in 
88 children, a Foley NDP in 9 cases, while the Hellstrom 
VH in 31patients. Only one child with extrinsic UPJO due 
to a CV had undergone a DP because of the presence of 
multiple cicatricial adhesions due to a previous operation. 
Except one case, all the Hellstrom VH had been performed 
by mini-invasive surgery, while pyeloplasties had been per-
formed by an open approach in 48 cases and by laparoscopic 
or robotic-assisted approach in 49 patients.

The median age at  surgery of  al l  pat ients 
was  20 .27   months  (mean  age  52 .52 ,  range 
5  days–240.87  months). The median age at surgery 
in patients with intrinsic stenosis was 12.27  months 
(mean 36.38, range 5 days–218 months), while in those 
with extrinsic etiology it was 102.18  months (mean 
102.53 months, range 5–240 months). The median age 
between the two groups, calculated with Student’s t test, 
was statistically different (p = 0.0001).

The median post-operative LHS of all included patients 
was 5 days (mean 5.1, range 1–24). After a Hellstrom VH, 
the median hospital stay was 2 days (mean 2.16, range 1–7), 
while after a pyeloplasty it was 6 days (mean 6.25, range 
2–24). Considering only pyeloplasties, the median hospital 
stay was statistically longer in open procedures compared 
to mini-invasive ones (p = 0.0430) (Table 1). The only case 
treated by open VH procedure had a LHS of 4 days.

The mean follow-up was 24 months. The mean post-oper-
ative APD was 14 mm (median 11 mm, range 5–67 mm). 
After a pyeloplasty the mean post-operative APD was 
13 mm (median 11, range 5–67), while after a VH it was 
16 mm (median 13, range 7–50). The percentage of reduc-
tion of the APD was 46% after a pyeloplasty and 50% after 
a VH. During the follow-up, the reduction of APD without 
tension and compression of the kidney parenchyma was 
present in 120/128 patients. In 8/128 patients (6.25%) the 
hydronephrosis worsened after the operation. Re-do surgery 
was required in seven cases (3 after VH, 3 after DP and 1 
after NDP), while in one patient the residual kidney function 
was absent and the affected side was considered lost. In the 
three cases of failed VH a laparoscopic DP was later per-
formed; within the four laparoscopic pyeloplasties with bad 
evolution, two were re-operated on using the robotic system 
and two using the traditional laparoscopy.

The total pyeloplasty success rate was 94.8%, while 
for the VH it was 90.3%, without statistical differences 
(p = 0.4). No differences were detected about the number 
of re-do operations and success rate after open and mini-
invasive pyeloplasties (0.362) (Table 1). After re-do pyelo-
plasty all the patients had an improvement of the hydrone-
phrosis with reduction of pelvic APD without compression 
of the kidney parenchyma.

Table 1  Length of hospital stay, re-do surgery and success rate after vascular hitch, open and laparoscopic pyeloplasties

LHS length of hospital stay, VH vascular hitch, MIS mini-invasive surgery
*p is referred to the comparison between open and MIS pyeloplasties. The length of hospital stay is expressed in median, with in brackets mean 
and range, the success rate is expressed as percentage

VH (n = 31) Pyeloplasties (n = 97) Open pyeloplasty (n = 48) MIS pyeloplasty (n = 49) p*

LHS (days) 2 (2.16, 1–7) 6 (6.25, 2–24) 7 (6.98, 2–24) 4 (5.53, 2–20) 0.043
Redo Surgery (n) 3 5 1 4
Success rate (%) 90.3% 94.8 97.9 91.8 0.362
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We had 6 early complications (4.7%). Three patients 
(2.3%) presented early complications that required second 
access to the operating room (grade 3b according to Clavien 
Dindo classification): one dehiscence of the uretero-pelvic 
anastomosis which required a stent placement at 4th post-
operative day; one patient complaining about flank pain and 
worsening of US hydronephrosis after a VH required a stent 
placement at 4th post-operative day; and one had omental 
herniation from the drainage exit requiring its reduction in 
the operative room. These 3 early complications caused a 
longer length of stay: 19, 7 and 7 days, respectively. Three 
other patients (2.3%) presented postoperative urinary tract 
infection that required prolonged intravenous antibiotic 
therapy (grade 2 according to Clavien Dindo classification) 
and, therefore, a longer time of hospitalisation (12, 20 and 
24 days, respectively).

Discussion

UPJO is the most common anatomical cause of prenatal 
hydronephrosis with an overall incidence of 1:1500 [4]. 
UPJO may also be diagnosed later during childhood due to 
symptoms such as flank pain or recurrent urological infec-
tions [19]. The etiology of the obstruction can be intrinsic, 
extrinsic or mixed. According to literature data, the pres-
ence of CV in patients with hydronephrosis ranges from 11 
to 58% in different cohorts [20–23]. In our study, we found 
the presence of CVs in 25% of the children operated for 
hydronephrosis in a 7-year period. The incidence of CV has 
a direct correlation with the age of children, being low in 
neonates and infants who usually have prenatal diagnosis 
and very high in older children who usually present with 
intermittent symptoms of obstruction (pain, nausea, vomit-
ing) [22]. Calisti et al. reported lower polar CV in six out 
of 54 (11%) prenatally detected cases with a mean age of 
3.5 months compared with 12 out of 30 (40%) symptomatic 
patients who had a mean age of 6.4 years [23]. In our sam-
ple, we confirm that in children with CV the symptoma-
tology appears later in life with intermittent lumbar pain, 
with a median age at surgery statistically higher compared 
to the group without CV (102.18 months vs. 12.27). No sta-
tistically significant differences were found about the sex of 
patients, with a higher incidence of hydronephrosis in males 
(M:F = 1.58:1), and about the side of the affected kidney, 
with a higher incidence in the left side, in agreement with 
literature data [4].

Open Anderson-Hynes DP has always been considered 
the gold standard both for intrinsic and extrinsic UPJO with 
success rates of more than 90% [10]. In the last decade, 
many authors have wondered whether Hellstrom VH can be 
considered a valid alternative to DP in presence of CV [12, 
16, 24, 25], considering the advantages of this technique: 

surgical repair without opening the collecting system, leav-
ing the UPJ intact, eliminating the risk of leakage or urinoma 
and preserving the pyelo-ureteral motility peristalsis. This 
procedure avoids the technical challenge of pelvi-ureteric 
anastomosis with a low complication rate and operative time 
[25, 26]. During the operation, if a CV is present, it can be 
difficult to determine whether it is an incidental finding or 
plays a significant role in the obstruction [25]. Evaluating if 
the crossing vessel is obstructing the UPJ or it is only located 
near it without any functional compression is not mathemati-
cally possible. During the operation, the dilatation of the 
UPJ due to liquid volume infusion, after the vascular dislo-
cation, is the only confirmation. For this reason, we prefer 
an anterior trans-peritoneal approach [27, 28]. After a VH, 
the hospital stay is usually shorter compared to Anderson 
Hynes DP with a median length of 2 days [24, 25, 29]. In 
our sample, the hospital stay was shorter in patients who had 
undergone Hellstrom VH compared to those subjected to 
dismembered or non-dismembered pyeloplasty (respectively, 
2 vs. 6 days). This difference is related to different surgical 
technique. In fact, the VH assures a repair without opening 
the collecting system, leaving the UPJ intact and eliminating 
the risk of postoperative leakage or urinoma. Furthermore, 
in case of pyeloplasty we usually placed a laminar drain 
which was removed after at least 48 h. On the contrary, in 
VH we never left a drain.

In literature, the success rate of VH has been reported 
in a range of 92–100% [24, 25, 29], even if a careful pre-
operative and intra-operative functional and anatomical 
assessment is crucial to guide the choice between VH and 
DP [24]. Schneider and colleagues identified three differ-
ent types of intraoperative anatomical relationship between 
the lower pole CV, the renal pelvis, the PUJ, and the ureter 
and only Schneider type 3situation with ureteral kinking and 
normal junction should be proposed for VH [16]. In our 
experience, the laparoscopic VH success rate was 90.3% and 
we agree with other authors that VH may be a safe, feasible, 
and attractive alternative to treat obstructed hydronephrosis 
due to polar CV [16, 24, 25, 29].

In the last two decades, the open technique for DP has 
gradually been replaced by laparoscopic and, more recently, 
by robotic-assisted repair with comparable results [19, 30]. 
Mini-invasive approach for the treatment of UPJO has the 
advantage of reconstruction under magnified vision with low 
morbidity regarding the postoperative pain, the shorter hos-
pital stay and smaller incision scar [31]. In our sample, 48 
pyeloplasties were performed with open technique and 49 with 
mini-invasive approach. The open pyeloplasties had been per-
formed in the first years of the study when only one surgeon 
had mini-invasive surgery skills or in small infants with low 
weight, while from 2014 the laparoscopic approach became 
the preferred technique. The LHS was significantly shorter in 
patients operated on with mini-invasive surgery pyeloplasties 
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than with open technique. No statistically significant differ-
ences were present between the two groups about the number 
of re-operation and, consequently, the success rate. Consider-
ing the comparable success rate and shorter LHS, we agree 
with other authors that mini-invasive pyeloplasty has some 
advantages compared to traditional open methods. In our 
experience, the robotic surgery was used only in 6 patients. 
The use of robotic surgery was related to the fact that in our 
institution we had the possibility to use the Da Vinci system 
for a 12-months-period. Robotic surgery in paediatric urology 
has been gained popularity since its introduction almost two 
decades ago, as it allows three-dimensional imaging, reduces 
surgeon’s tremor and involuntary movements and consents a 
more ergonomic position for the surgeon. As reported by sev-
eral studies, robotic-assisted pyeloplasty is the most common 
procedure performed in paediatric urology [32, 33].

Our study does have some limitations. First of all, it has 
been conducted in a retrospective way with all the limits that a 
retrospective analysis can have, especially the lack of complete 
data. Moreover, we recognize that the comparison of 1 vs. 
4 surgeons respectively for laparoscopic and open pyeloplas-
ties may limit our results. Finally, we evaluated the success 
rate after operation only measuring the pelvic APD, without 
functional techniques. This limit depends on the fact that if the 
APD is clearly reduced after the operation we usually follow-
up patients with serial ultrasound evaluations, while scintig-
raphy or fMRU are usually used in the doubt of persisting 
obstruction.

Conclusions

In hydronephrosis with CV, the Hellstrom VH could be con-
sidered a good surgical option, but only if the pre-operative 
and post-operative anatomical and functional assessments 
have been well studied. Mini-invasive and open pyeloplasties 
in the pediatric population have comparable success rate, with 
a significant difference about the length of hospital stay. In 
our opinion, the laparoscopic and robotic-assisted surgeries 
should be preferred.
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