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Abstract

Introduction: Pediatric pyeloplasty with double J (DJ) stent drainage 
requires manipulation of the uretero-vesical junction (UVJ) and a 
second anesthetic for removal. Externalized uretero-pyelostomy 
(EUP) stents avoid these issues. We report outcomes of laparoscopic 
and open pyeloplasty with EUP compared to DJ stents in children. 
Methods: We retrospectively reviewed 76 consecutive children 
who underwent pyeloplasty for ureteropelvic junction (UPJ) 
obstruction over a 1-year period by 5 pediatric urologists at a 
single institution. The exclusion criteria included patients with con-
comitant urological procedures, other urinary drainage strategies, 
“stentless” pyeloplasty or patients without follow-up data. Based 
on surgeon preference, 24 patients had a EUP stent and 38 had a 
DJ stent placed.
Results: The mean follow-up was 23.8 ± 10.9 months and 
21.1 ± 11.1 months for the EUP and DJ stent groups, respectively 
(p = 0.32). The mean age was 40 ± 54 months and 80 ± 78 months 
for the EUP and DJ groups, respectively (p = 0.04). The EUP group 
had a greater proportion of open pyeloplasties (n = 17, 71%) versus 
the DJ group (n = 16, 42%; p = 0.04). There were no statistically 
significant differences in operative time, length of stay, and overall 
complication rate between groups. Complications were divided by 
timing of complication (intraoperative, before and after 3 months) 
and according to the Clavien Classification system. There were no 
statistically significant differences between these subgroups. The 
limitations of this study include small sample size, potential selec-
tion bias, and heterogeneity between both study groups. 
Conclusions: Pyeloplasty using EUP stents does not incur prolonged 
operative time, longer length of stay or higher complication rate 
when compared to DJ stents. Within the limitations of this study, 
EUP stents may be a safe alternative to DJ stents.  

Introduction 

The role of trans-anastomotic drainage after pyeloplasty in 
children remains controversial. While “stentless” pyeloplasty 
has gained popularity over the years,1,2 concerns regarding 
prolonged urinary leak, risk of impaired postoperative ante-
grade flow due to edema, and need for a secondary pro-
cedures have supported the use of stent drainage following 
pyeloplasty.3 Options for trans-anastomotic catheters include 
internal double J (DJ) and externalized stents.4,5 While DJ 
stents remain popular, disadvantages include lower urinary 
tract symptoms, difficulty negotiating the wire or stent across 
the uretero-vesical junction (UVJ), and deployment in the 
distal ureter when place d in an antegrade fashion. In most 
cases, placement requires a second anesthetic for removal 
in children. There is evidence that anesthetic exposure may 
be associated with neurotoxicity in young children6 and 
an ongoing prospective trial will examine these risks.7 In 
particular, externalized trans-anastomotic stents can avoid 
many of the disadvantages of DJ stents. The distal end of an 
EUP stent may be tailored so that it reaches the mid-ureter, 
avoiding UVJ trauma and lower urinary tract symptoms. 
EUP stents can also be removed in the ambulatory setting 
without sedation. The catheter may be opened to straight 
drainage if a urine leak develops and access allows for a 
postoperative nephrostogram, if indicated.

Externalized stents can exit the kidney through the renal 
parenchyma or the renal pelvis. The kidney internal splint/
stent (KISS) stent (Cook Urological, Spencer, IN),8 external-
ized feeding tubes and the Salle intraoperative pyeloplasty 
stents9 (Cook Urological, Spencer, IN) have been tradition-
ally passed through the renal parenchyma. Recently, advan-
cing the stent through the renal pelvis has been reported as 
a technically easier option that avoids the risk of bleeding. 
This technique has been reported for open, laparoscopic 
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retroperitoneal, and laparoscopic trans-peritoneal pyeloplas-
ties, and appears safe and feasible.10-12

Literature directly comparing drainage with trans-anastomot-
ic stents externalized through the renal pelvis versus DJ stents in 
children undergoing both laparoscopic and open pyeloplasties 
is limited. We sought to compare outcomes of both open and 
laparoscopic pyeloplasty using EUP and DJ stents. 

Methods

We evaluated 76 consecutive patients who underwent 
surgery for ureteropelvic junction obstruction (UPJO) by 5 
pediatric urologists at a single institution between 2011 and 
2012. Diagnosis was confirmed based on renal ultrasound 
and diuretic nuclear renography. The exclusion criteria 
included ureterocalicostomy (n = 2), simultaneous major 
surgery (n = 1), drainage using an open-ended ureteral cath-
eter (n = 1), “stentless” pyeloplasty (n = 4), and patients who 
were lost to follow-up (n = 6). The remaining 62 patients 
underwent an Anderson-Hynes dismembered pyeloplasty 
with drainage using a EUP stent or DJ stent, via an open or 
laparoscopic approach, based on surgeon preference. The 
EUP stent used at our institution is the Salle intraoperative 
pyeloplasty stent (Cook Urological, Spencer, IN). 

Employed surgical techniques have been previously 
reported,12 with minor modifications. An abdominal radio-
graph depicting bilateral EUP stents in situ is shown is Figure 
1. Intra-operatively, the distal coil of the EUP stents was 
removed (Fig. 2a). For open cases, a 12-gauge angiocatheter 
was used to facilitate placement of the EUP stent through 
the skin and the renal pelvis (Fig. 2b), after the initial anas-
tomotic sutures were placed at the apex. To avoid unraveling 
the coil in the pelvis and to optimize drainage, we used a 
small absorbable suture to keep the loop together (Fig. 2a). 

A purse-string suture was placed intra-operatively at the 
stent exit site out of the renal pelvis to prevent urine leak. 
The laparoscopic approach has been previously described.12

EUP stents were clamped at the end of the surgery (Fig. 2c), 
and indwelling Foley catheters were removed right after 
surgery or during the first 12 hours (according to surgeon 
preference). All patients had a follow-up renal ultrasound 
at 3 months and serial ultrasounds thereafter. The timing 
of serial ultrasounds after the 3-month mark was based on 
surgeon preference. Only children with lack of improvement 
in hydronephrosis underwent diuretic nuclear renography.13

We assessed the primary outcome, intra- and postopera-
tive complications (subdivided by timing before and after 
3 months), and severity of complication according to the 
Clavien-Dindo Classification system.14

Ethics approval for this study was obtained by our insti-
tutional Research Ethics Board. Continuous variables were 
examined using a two-sided student’s t-test and categorical 
variables were examined using Fisher’s exact test. Statistical 
analyses were performed using Prism 6 (GraphPad, San 
Diego, CA). A p value cut-off of 0.05 was considered sta-
tistically significant. 

Results

Of the 62 consecutive patients in our series who under-
went Anderson-Hynes dismembered pyeloplasty, 38.7% 
(n = 24) had an EUP stent and 62.3% (n = 38) had a DJ 
stent placed intra-operatively (Table 1). Patients who had 
EUP stents tended to be younger, with a mean age of 40 
months ± 54 months, presenting with antenatal hydroneph-
rosis (79%, n = 19). In contrast, patients who had a DJ stent 

Fig. 1. Kidney-ureter-bladder X-ray of a patient with bilateral externalized 
uretero-pyelostomy stents. 

Fig. 2a. Angiocatheter used to facilitate passage of an externalized uretero-
pyelostomy stent during an open pyeloplasty.
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tended to be older, with a mean age of 80 ± 78 months and 
presented with antenatal hydronephrosis and symptomatic 
UPJO in 45% (n = 17) and 32% (n = 12), respectively. 
Disparities in approach (laparoscopic vs. open) were close 
to the cut-off value for statistical significance (p = 0.04). 

The outcomes and complications are summarized in 
Table 2. None of the patients in the EUP group had a peri-
nephric drain placed, while all children with a DJ stent had 
one that was removed prior to discharge except for one case 
of prolonged urinary leak. In this patient, expectant manage-
ment with an intra-peritoneal Jackson-Pratt drain placed at 
the time of surgery led to a prolonged stay in hospital (6 
days), but resolution of urine leak. In addition one patient in 
the DJ group had an accidental removal of the stent during 
Foley catheter removal on postoperative day 1. No compli-
cations occurred as a result of this. 

The mean follow-up was 23.8 and 21.1 months for the 
EUP group and DJ groups, respectively (p = 0.32). Treatment 
success was defined as improvement in symptoms or 
improved hydronephrosis. In the EUP group, one patient had 
recurrent symptoms, despite improved hydronephrosis and a 
normal Lasix renogram, and was monitored conservatively. 
Another two patients in the EUP had worsening hydroneph-
rosis, which improved following cystoscopy, ureteral dila-
tion, and stenting. In the DJ group, one patient had recur-
rent pain, stones and hydronephrosis, who improved with 
ureterocalicostomy. Another two patients in the DJ stent 
group had worsening hydronephrosis, including one case 
where renal function declined postoperatively from 40% 
to 10%. We performed a dimercaptosuccinic acid (DMSA) 
scan in another patient, confirming good function (64%) and 
we therefore watched the patient conservatively.

Complications were examined according to the Clavien-
Dindo classification.14 Clavien I complication (e.g., pos-
toperative fever secondary to atelectasis) occurred in 4.2% 

(n = 1) and 2.6% (n = 1) in the EUP stent and the DJ groups, 
respectively (p = 0.01). Clavien II complications occurred in 
8.3% (n = 2) and 0% in the EUP stent and DJ groups, respect-
ively (p = 0.15). These two patients in the EUP stent group 
were readmitted for abdominal pain, nausea, and vomiting 
and immediate imaging did not show increased hydroneph-
rosis. These symptoms were attributed to side effects of nar-
cotics and managed with antiemetics and laxatives. These 
patients responded well and were subsequently discharged 
from hospital. Many of the aforementioned complications 
are unlikely to be related to the method of stenting. 

Clavien III complications occurred in 8.3% (n = 2) and 
2.6% (n = 1) in the EUP and DJ groups, respectively, although 
the differences were not statistically significant (p = 0.55). 
These included 2 patients in the EUP stent group who had 

Fig. 2b. Retention loop of the externalized uretero-pyelostomy stent reinforced 
with a dissolvable 4-0 chromic stitch.

Fig. 2c. An externalized uretero-pyelostomy stent is tied off distally and coiled 
under a large tegaderm dressing.

Table 1. Patient demographics

EUP stent
(n = 24)

DJ stent
(n = 38)

p value

Mean age ± SD, months
Median age (range)

40 ± 54
11 (2–195)

80 ± 78
78.5 (2–219)

0.03

Sex, n (%)
Female
Male 

8 (33)
16 (66)

9 (24)
29 (76)

0.56

Side, n (%)
Left
Right

19 (79)
5 (21)

23 (61)
15 (39)

0.17

Reason for presentation, n (%)
Antenatal hydronephrosis
Incidental diagnosis
Obstruction symptoms
Infection

19 (79)
0 (0)
3 (13)
2 (8)

17 (45)
7 (18)
12 (32)
1 (3)

0.01

Operative approach
Laparoscopic
Open
Laparoscopic converted to 
open

7 (29)
17 (71)
0 (0)

21 (55)
16 (42)
1 (3)

0.05

Mean follow-up ± SD 23.8 ± 10.9 21.1 ± 11.1 0.32
EUP: externalized uretero-pyelostomy; DJ: double-J; SD: standard deviation.
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re-stenosis requiring ureteral stent and dilatation, without 
the need for further intervention. In contrast, one patient in 
the DJ group with a Clavien III complication had re-stenosis 
requiring ureterocalicostomy. These complications were 
also multifactorial and may not have been attributed to the 
method of stenting alone. Although there is a trend towards 
more Clavien III complications in the EUP than in the DJ 
group, the invasiveness of repeat interventions must also be 
considered. The two patients who had Clavien III complica-
tions in the EUP had a relatively less invasive intervention 
(i.e., cystoscopy, ureteral dilation and stent insertion) than 
the patient in the DJ stent group (i.e., ureterocalicostomy). 

Discussion 

Our analyses comparing outcomes of both laparoscopic and 
open pyeloplasty using EUP versus DJ stents suggest that 
there are no statistically significant differences in operative 
time, length of stay, and complication rates between the DJ 
and EUP stent groups. We reported complications employing 
the Clavien-Dindo classification system, also uncovering a 
lack of statistical significance and a low, acceptable com-

plication profile. To our knowledge, this is one of the first 
studies to report this classification scheme in both open and 
laparoscopic pyeloplasties with EUP compared to DJ stents. 

A recent large study reported on 238 patients who under-
went open pyeloplasty drained with preoperative nephros-
tomy tube, no stent, an externalized feeding tube brought 
through the renal pelvis and DJ stent with nephrostomy 
tube.10 All groups had a low rate of failure or complica-
tions. Another series of 14 patients undergoing trans-peri-
toneal laparoscopic pyeloplasty described trans-anastomotic 
stenting externalized through the renal pelvis. No urine leaks 
were seen in their patients after removal.12 Recently, a series 
of young children (ages 1–5 years) undergoing laparoscop-
ic pyeloplasty compared outcomes of patients undergoing 
“stentless” pyeloplasty, pyeloplasty with DJ stent and EUP. 
The authors’ interpretation of their data led them to conclude 
value in limiting use of a stent for children with unfavourable 
intra-operative findings (such as subjective appearance of 
the pelvis or ureter, malrotation, solitary kidney, presence of 
fibrosis).15 However, an alternative analysis of their findings 
(which included a historical open series) would support use 
of EUP stent. Our findings compare favourably with these 
reports (Table 3). 

Of the patients in the EUP group, all (n = 24) were able 
to avoid a second anesthetic required for stent removal. 
Nevertheless, 8% (n = 2) required a second anesthetic due to 
re-stenosis, leading to a second procedure. This has implica-
tions when considering potential neurotoxicity of anesthe-
sia,6,7 as well as for minimizing the use of limited operating 
room resources. If a DJ stent is still preferred, an alternative 
technique involves the use of a urethral dangler for remov-
al. The disadvantage to this technique is that patients may 
develop lower urinary tract symptoms or urinary tract infec-
tions,16 the string may be inadvertently pulled too soon after 
surgery or can migrate into the urethra, and retrograde place-
ment before pyeloplasty would increase operative time. A DJ 
stent can also be tied to a feeding tube17 and removed in a 
similar manner as a EUP stent. A cost comparison of DJ and 
EUP stents using the original technique of passing the EUP 
stent through the renal parenchyma4 favoured the EUP stent.  

As a retrospective study, the study has potential biases, 
including surgeon preference and case selection. An exam-

Table 2. Summary of outcomes and complications, 
stratified by stent type

EUP stent
(n = 24)

DJ stent
(n = 38)

p value

Mean operative time ± SD, minutes 
Laparoscopic
Open 

165 ± 44
211 ± 25
147 ± 35

188 ± 68
224 ± 61
140 ± 46

0.14
0.32
0.59

Retrograde pyelogram, n (%) 11 (46) 9 (24) 0.10

Mean length of stay ± SD, days 1.3 ± 0.6 1.9 ± 1.6 0.07

Overall complications, n (%)
By timing

Intraoperative, n (%)
Less than 3 months, n (%)
Greater than 3 months, n (%)

By Clavien-Dindo Classification
I
II
III
IV
V

5 (20.8)

0 (0)
3 (12.5)

2 (8)

1 (4.2)
2 (8.3)
2 (8.3)
0 (0.0)
0 (0.0)

2 (5.2)

0 (0.0)
1 (2.6)
1 (2.6)

1 (2.6)
0 (0)

1 (2.7)
0 (0.0)
0 (0.0)

0.10

–
0.29
0.55

1.00
0.15
0.55
1.00
1.00

EUP: externalized uretero-pyelostomy; DJ: double-J; SD: standard deviation.

Table 3. Complications of open and laparoscopic pyeloplasties using trans-anastomotic stents externalized through the renal 
pelvis

Open approach (n) Laparoscopic approach (n) Median follow-up (months) Overall complication rate
Castagnetti et al.18 228 — Not reported 13%

Eassa et al.12   — 14 Not reported None

Helmy et al.11 — 11 34 (22–56) None

Kocvara et al.19 26 15 36 (4–84) 3.8%–13.3%

Son et al.10 122 — Not reported 3.2%

Taveres et al.9 — 4 Not reported None
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ination of patient demographics revealed that these two 
groups are somewhat heterogeneous, with differences in 
age, presentation pattern and likely, duration of UPJO. In 
addition, as the technique of externalization via the renal 
pelvis has only been recently introduced, it diminishes the 
bleeding risk associated with passing a stent through the 
parenchyma. Lastly, our study may be underpowered to 
detect differences between the two groups. Despite these 
limitations, there is value in our findings. The present ser-
ies adds to the limited data and provides compelling evi-
dence that EUP stenting through the renal pelvis is safe and 
feasible for both laparoscopic and open procedures. Our 
report also underscores the need for further studies with EUP 
stents for pyeloplasty drainage, including the robotic-assisted 
approach, which may benefit from cost containment.

Conclusion 

Our data suggest that operative times, length of stay, and 
intraoperative, early and late complication rates of laparo-
scopic or open pyeloplasty may be similar in patients who 
have drainage with DJ versus EUP stents. The latter provides 
several benefits, including avoiding a secondary anesthetic.
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