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Abstract: Pelvic-ureteric junction obstruction (PUJO) is a common condition, and one of 
the lead causes of hydronephrosis in children. Currently, the gold standard treatment of PUJO 
is open surgery using the Anderson–Hynes-modified dismembered pyeloplasty technique. 
However, with the advancement of medical technology, several minimal invasive approaches 
were developed, including endoscopic, laparoscopic, and robotic approach, from which the 
best choice of surgical technique was yet to be determined. Considering the advantages and 
disadvantages of these methods, the recommended option is to tailor the best surgical 
approach to each individual patient, and to the surgeons’ preference and experience. 
Considering these recent advances, a new algorithm is proposed to choose the best minimal 
invasive modalities invasive treatment to treat PUJO. 
Keywords: Anderson–Hynes dismembered pyeloplasty, hydronephrosis, minimal invasive, 
PUJO

Introduction
Pelvic-ureteric junction obstruction (PUJO) is a condition in which urine flow 
disruption occurs between kidney pelvis and proximal ureter. PUJO is identified 
in 1:500 live birth, with male to female ratio of 2:1.1,2 PUJO is considered as the 
most common cause of congenital hydronephrosis. Nevertheless, it could also 
manifest or develop (acquired) later during adult life.3,4 Despite various experi-
ments and research, the exact etiology and pathogenesis of PUJO is still unknown.5 

On the other hand, the underlying cause of an acquired PUJO is relatively clearer. 
Acquired PUJO is associated with abnormalities of intrinsic factor, such as ureteral 
wall scarring, or the presence of external factor, such as retroperitoneal mass or 
fibrosis. If left untreated, this condition could potentially lead to kidney interstitial 
fibrosis which causes impairment of kidney function, and negatively impacts 
patient’s quality of life.6,7 Therefore, the ultimate goal of any intervention in 
PUJO cases is to preserve kidney function.8

Although surgery is associated with a high success rate, not all PUJO cases 
require surgical intervention. Better understanding of the natural history and pro-
gression of PUJO has helped us select patients’ sub-groups, who will benefit most 
from surgery. The European Association of Urology (EAU) guidelines recommends 
surgery as the treatment of choice in symptomatic PUJO patients. Other indications 
to perform surgery include impairment in split renal function (<40%), a >10% 
decrease of split renal function in subsequent studies, poor drainage function after 
diuretic administration, increased anteroposterior diameter on ultrasound and grade 
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III or IV hydronephrosis as defined by the Society for 
Fetal Urology (SFU).2 Nevertheless, these indications 
may vary across different centres, and should always be 
tailored to the patients’ individual condition.

The role of surgery in PUJO management was first 
established by Trendelenburg, who performed the first 
reconstructive surgery for PUJO in 1886. Since then, var-
ious techniques have been introduced, including the 
Anderson–Hynes-modified dismembered pyeloplasty, 
which is regarded as the gold standard surgery for PUJO 
surgery.8,9 However, with the advancement of medical 
technology, the practice of open surgery in urology has 
been largely replaced by minimal invasive surgery. 
Currently, neither open nor the minimal invasive surgery 
was recommended as the best strategy for PUJO treatment 
in any guidelines available. This article aimed to provide 
a comprehensive review of minimally invasive techniques 
currently available for PUJO treatment.

PUJO Management: A Brief 
Historical Review
In 1949, Anderson and Hynes described open dismem-
bered pyeloplasty technique to correct PUJO.10 This tech-
nique has been shown to be very versatile, safe and 
effective, resulting in 95% success rate.11,12 To date, the 
same technique is still regarded as gold standard for pye-
loplasty, especially in infants younger than 1 year. Other 
open reconstruction techniques have also been reported by 
various authors, mainly describing non-dismembered pye-
loplasty techniques, such as Foley YV pyeloplasty, Culp- 
DeWeerd Spiral Flap, Scardino-Prince Vertical Flap, or 
Davis intubated ureterotomy.12

The role of minimally invasive surgery in PUJO treat-
ment was introduced by Wickham and Kellet in 1983, and 
Arthur Smith in 1984 using endopyelotomy technique.13 

However, this technique has been reported to be less effec-
tive than conventional dismembered pyeloplasty. In 1990s, 
Schuessler et al. and Peters et al. pioneered the laparoscopic 
approach in performing dismembered pyeloplasty.10 The 

most recent development in PUJO surgical management is 
percutaneous endopyeloplasty and robotic surgery, which 
were first introduced in 2002.14,15 The historical develop-
ment of PUJO treatment is summarised in Figure 1, and will 
be discussed in more detail under subsequent headings.

Minimal Invasive Treatment in 
PUJO
Endoscopic Surgery
Endoscopic approach for PUJO was commonly recognised 
as the treatment of choice in adult patients due to its minimal 
invasion and low morbidity.4 This approach may incorporate 
endopyelotomy or endopyeloplasty technique. In endopye-
lotomy, a lateral or posterolateral incision is performed. The 
incision should be made full thickness to reveal periureteric 
fat tissue. This method is considered to be less invasive, 
requires less operating time and shorter duration of hospital 
stay. In some centres, endopyelotomy is performed in an 
outpatient basis. The overall success rate of endopyelotomy 
is 73–90%. The procedure was reported to be especially 
useful in cases where the stenosis length is less than 2 cm, 
or without significant hydronephrosis, or when renal function 
is more than 25%.13 In addition, endopyelotomy was also 
preferred in PUJO patients with concomitant stone disease.16 

A study by Kartal et al. revealed that patients with single 
renal stone sized less than 2 cm, stricture less than 1 cm, and 
primary PUJO could be safely treated with retrograde laser 
endopyelotomy, followed by retrograde intrarenal surgery.17

Endopyelotomy could be performed in either antegrade 
or retrograde approach. A study by Bautista et al. evaluat-
ing five patients with PUJO concluded that antegrade 
endopyelotomy using a micro-percutaneous approach 
showed satisfactory outcome after a mean follow up of 
36 months.18 Another study by Dobry et al. found that 
antegrade endoscopic approach had the lower need of 
analgesic and complication rate compared to open pyelo-
plasty. However, the success rate was also found to be 
lower in antegrade approach (80% vs 98% in open 
pyeloplasty).19 Various factors have been associated with 

Figure 1 Historical development of pelvic-ureteric junction obstruction treatment.
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endopyelotomy failure, including the presence of crossing 
vessel. A technique described by Alotaibi in 2018 was 
proposed to overcome the difficulty related to the presence 
of crossing vessels. The author combined the use of retro-
grade access to establish a percutaneous tract for antegrade 
nephroscope access. Initial incision was then made to the 
ureteropelvic junction to create a window for retropelvic 
space access. Introduction of the nephroscope through this 
window allowed visualisation of potential crossing ves-
sels, which will be coagulated if small, or avoided if larger 
in caliber.20 Current recommendation does not recommend 
endopyelotomy to be repeated once it failed.13

Retrograde is a popular approach in performing endo-
pyelotomy, which is also found to be more cost-effective. 
Silva et al. described that the equipments necessary in 
retrograde endopyelotomy could be manually made using 
copper wire. The outcome of using this equipment were 
found to be similar to using other more sophisticated 
retrograde modalities. In addition, this simple technology 
was also found to be suitable for smaller caliber ureteror-
enoscope sheath.21

The literatures described numerous ways to perform 
endopyelotomy using retrograde approach, such as simple 
dilatation with balloon, incision with laser, and incision 
using an Acucise® or cutting balloon.16 A case report by 
Umekawa et al. observed a satisfactory result in a 6-year- 
old girl with symptomatic PUJO treated with endoscopic 
surgery in retrograde fashion using Acucise.22 In addition, 
the success rate of Acucise endopyelotomy ranged 
between 45% and 77%.23

There were only a number of studies directly compar-
ing antegrade to retrograde approaches in endoscopic sur-
gery. Minervini et al. observed that retrograde approach 
was associated with lower complication rate, shorter 
length of hospital stay, and a higher success rate compared 
to the antegrade approach.24 On the other hand, a study by 
Chow et al. stated that both antegrade and retrograde 
approach had similar success rate.25 Possible reasons for 
such discrepancies is different follow-up time between the 
two studies. It is likely that the study by Minervini et al. 
included failures detected during later follow-up period. It 
is important to note that both papers only included adult 
patients in their study population. The only available 
research that compared the two approaches, which 
included paediatric patients in its study population was 
performed by Lam et al. in 2003. Unfortunately, the popu-
lation of the study included both paediatric and adult 
patients and the results of the study were not age- 

adjusted. Hence, it was difficult to conclude whether 
patients’ age has any impact on the safety and effective-
ness of antegrade and retrograde endopyelotomies. 
Overall, the author described that there was no difference 
in success rate between antegrade and retrograde approach 
(81.3% vs 75.9%, respectively). However, antegrade 
approach was proven to be significantly more effective in 
patients with severe hydronephrosis, whilst the retrograde 
approach was associated with shorter operative time and 
hospital stay.26

In endopyeloplasty, an additional horizontal suturing 
procedure was incorporated to the standard longitudinal 
endopyelotomy incision through a nephroscope. This pro-
cedure requires longer operating time, more advance 
equipments, and more experience. However, the success 
rate of this procedure is considerably higher than endo-
pyelotomy alone and the outcome was reported to be 
similar to laparoscopic dismembered pyeloplasty (up to 
100%).13,27 Currently, an antegrade approach is the only 
method used to perform endopyeloplasty.

Despite increasing interest in endoscopic surgical man-
agement of PUJO, many comparative trials had shown that 
in terms of outcome, the endoscopic surgery was inferior 
to laparoscopic pyeloplasty.16 A study by Jacobs et al. 
revealed that the failure rate of endopyelotomy was higher 
than laparoscopic or robotic approach.28 From a cost ana-
lysis perspective, the same author reported that endoscopic 
approach has the lowest cost compared to other surgical 
interventions for PUJO. Interestingly, the report claimed 
that the cost of both open surgery and laparoscopic or 
robotic surgery did not differ significantly. This was 
mainly attributable to the significantly shorter hospital 
stay in the laparoscopic and robotic group. Therefore, it 
is essential to carefully assess and inform patients for 
potential comorbidities, which may prolong post- 
operative hospital stay.29

Laparoscopic Surgery
Generally, current evidence suggests that the success rate 
of laparoscopic pyeloplasty ranges from 94% to 97%.30,31 

Laparoscopic pyeloplasty can be performed using 
a retroperitoneal or transperitoneal approach, depending 
on the surgeon’s preference and experience. To date, 
there is no evidence to suggest that the two approaches 
differ significantly with regard to operating time and over-
all success rate. Both dismembered and non-dismembered 
pyeloplasty can be performed laparoscopically. A study by 
Rassweiler et al. in 2018 showed that the success rate of 
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the laparoscopic YV pyeloplasty was 90%, slightly higher 
when compared to 89% success rate of Anderson–Hynes 
laparoscopic pyeloplasty.32 Similar result was also 
observed in the study by Subotic et al. in 2013. Although 
the difference reported was not statistically significant, the 
study showed that YV retroperitoneoscopic pyeloplasty 
had a higher success rate than the typical Anderson– 
Hynes technique (90.5% vs 85%).33 The result of both 
studies showed that non-dismembered pyeloplasty, espe-
cially the YV technique, may be considered to replace the 
Anderson–Hynes technique, which was long suggested as 
the primary choice when performing pyeloplasty. 
However, it is important to consider that the number of 
studies directly comparing YV to Anderson–Hynes is 
scarce; thus, it is currently difficult to conclude the super-
iority of one technique over the other. The advantage of 
laparoscopic procedure compared to endoscopy is the abil-
ity to treat PUJO with high ureteral insertion, complete 
luminal obliteration, severe hydronephrosis and crossing 
vessel.13,34 In addition, laparoscopic pyeloplasty resulted 
in a similar success rate in PUJO cases with concomitant 
anomalies found in children, such as horseshoe kidney, 
pelvic kidney, or duplex collecting system.35 However, 
this depends greatly on the experience of the surgeon.13 

A meta-analysis by Uhlig et al. showed that laparoscopic 
pyeloplasty had a lower complication rate and a similar 
success rate, but a longer operating time compared to open 
pyeloplasty.14

The introduction of single-port surgery in laparoscopy 
pyeloplasty was first described in 2007. This procedure 
reduced the common surgical-site related complications 
such as bleeding and infection, with a better cosmetic 
result.10 Stein et al. and Tugcu et al. observed that laparo- 
endoscopic single-site surgery (LESS) provided excellent 
satisfaction for patients in terms of wound scars.36,37 

Nonetheless, the lack of triangulation in LESS may lead 
to clashing of the instruments. Furthermore, manipulating 
many instruments through a single port is proven to be 
more challenging, thus prolonging the learning curve. To 
overcome this issue, other techniques were developed, 
such as the combination of open pyeloplasty and LESS 
(hybrid LESS). This technique was reported to be effective 
in paediatric population. Hybrid LESS incorporated the 
advantage of LESS procedure to put a sterile atraumatic 
cord around the ureter and draw it out through the single 
port. This allowed subsequent ureteropyeloplasty to be 
performed extracorporeally. A study by Dhao et al. 
revealed that the hybrid LESS was associated with 

a shorter operating time and length of hospital stay than 
open pyeloplasty and conventional LESS procedure.38 

Another technique utilising the LESS principle is the sin-
gle-incision triangulated umbilical surgery (SITUS), which 
combines the classic laparoscopy principles with the mini-
mal invasiveness of LESS.10 Liu et al. observed that the 
single-port system LESS had a similar success rate, post-
operative complication and length of hospital stay to con-
ventional multi-port procedure. However, the operating 
time was significantly shorter using the multi-port laparo-
scopy. The scar assessment was better using the multi-port 
laparoscopy.39 Another comparison was made by Xu et al. 
The study compared laparoscopic pyeloplasty with balloon 
dilatation. The result showed that laparoscopic pyeloplasty 
was associated with a higher success rate than balloon 
dilatation (95.5% vs 71%, respectively).40

In 2004, a hybrid technique named one-trocar-assisted 
pyeloplasty (OTAP) was developed by El Ghoary. This 
technique was considered as the ideal approach for sur-
geons during their early acquisitioning step of laparo-
scopic pyeloplasty and was regarded as a useful option 
in cases with crossing vessels. The technique was per-
formed by approaching the renal pelvis anteriorly using 
a 10 mm operative telescope via a 12 mm flank incision. 
The approach was made retroperitonally, followed by 
exteriorising the uretero-pelvic junction and performing 
dismembered pyeloplasty extra-corporeally.41 The success 
rate in this technique was up to 91%. An interesting 
modification of this technique was later performed by 
Pace et al. in 2019. Instead of using the classic flank 
incision, the authors performed a posterior incision just 
lateral to the sacrospinous muscle to reach the uretero- 
pelvic junction posteriorly. This approach allowed a rapid 
exposure of the kidney because of the less tissue thickness 
compared to the flank incision.42

Robotic Surgery
The use of robotic system in laparoscopy surgery was 
initiated by the introduction of the Da Vinci robotic 
system, which was approved by the Food and Drug 
Administration in July 2000. Furthermore, the introduc-
tion of the Single Port system which allowed a full 360° 
rotation of the robotic arm around the cannula raised 
even more interest.43 Surgical precision and extended 
maneuverability provided by the robotic system were 
amongst the main advantages of this approach, which 
facilitated better dissection, thus reducing blood loss and 
increasing suture quality.44 In addition, with a success 
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rate ranging from 94% to 100%, robotic pyeloplasty was 
also effective in children underwent secondary pyelo-
plasty and complex procedure such as in ureterocalicost-
omy for recurrent PUJO or intrarenal uretero-pelvic 
junction.45 Oderda et al. observed that robotic surgery 
was an excellent choice in treating PUJO patients com-
plicated with horseshoe kidney in both paediatric and 
adult patients.46 A recent systematic review by Masieri 
et al. also showed that the reduction of hydronephrosis 
was reported in 96% paediatric patients who underwent 
robotic redo pyeloplasty.47 The only disadvantage of 
robotic surgery was the higher cost when compared to 
the conventional open pyeloplasty. However, as men-
tioned previously, the shorter hospital stay associated 
with robotic pyeloplasty may favour its use and balance 
the cost it endures.11 Boysen et al. described another 
way to reduce the cost of robotic surgery by using renal 
ultrasound complimented with diuretic renal scan 
instead of the more expensive retrograde studies as the 
pre-operative imaging modality. The authors explained 
that a proper interpretation of these diagnostic tools may 
reduce overall costs and radiation exposure when pre-
paring patients to undergo robotic surgery.48

Robotic pyeloplasty is mostly utilised for older chil-
dren. However, some studies comparing the efficacy of 
open and robotic pyeloplasty in infants also reported simi-
lar outcome, with better aesthetic and less pain in the 
group undergoing robotic pyeloplasty.11,49 The review by 
Boysen et al. also stated that robotic approach in infants 
was safe and effective.48 The summary of advantages and 
disadvantages of minimal invasive approach in PUJO 
treatment is summarised in Table 1.

Robotic pyeloplasty was especially appealing due to its 
shorter learning curve. This is especially useful for sur-
geons without prior experience of performing standard 
laparoscopic pyeloplasty.10,50 A report has shown that 
many surgeons prefer to perform robotic pyeloplasty due 
to the shorter learning curve than laparoscopy, its ability to 
reduce tremor and better ergonomics.11 Esposito et al. 
found that anastomotic time in robotic surgery was sig-
nificantly shorter than laparoscopic approach (79 min vs 
105.5 min, respectively) with comparable success rate 
(96.7% and 100%, respectively).51 Similar results were 
also observed by Zhang et al., who studied the operative 
time and mean hospital stay of both modalities. The 
authors concluded that all parameters including success 

Table 1 Advantages and Disadvantages of Pelvic-Ureteric Junction Obstruction Minimal Invasive Treatment

Approach Techniques Advantages Disadvantages

Endoscopy Endopyelotomy ● Less invasive
● Shorter operating time
● Shorter length of hospital stay
● Could be performed in outpatient setting

● Not recommended in failed 
endopyelotomy

● Less effective in the presence of 

crossing vessel
● Radiation exposure

Endopyeloplasty ● Higher functional success than endopyelotomy ● Longer operating time
● Longer learning curve
● Radiation exposure

Laparoscopy Conventional ● Better efficacy in unfavorable conditions (high ureteral insertion, 
complete luminal obliteration, severe hydronephrosis, or crossing 

vessel)
● Less complication

● Longer operating time
● Need vast experience

Laparoendoscopic 

single site (LESS)

● Shorter operating time compared to conventional laparoscopy
● Better cosmetic result

● Prone to instrument clashing
● Longer learning curve

Robotic surgery ● Shorter learning curve
● Less tremor
● Better ergonomics
● Shorter length of hospital stay
● Better cosmetic result
● Less complication
● Similar efficacy in young infant

● Might be more costly
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rate was comparable in both groups.52 Hong et al. 
described that there was a significantly shorter operative 
time in robotic surgery than laparoscopy. However, the 
result found in this study may due to the fact that the 
study was conducted in two different centers with different 
surgical teams.53

A recent meta-analysis suggested that robotic pyeloplasty 
had a significantly higher success rate and less operating time 
than endoscopic procedures to treat PUJO. When compared 
to laparoscopy procedure, robotic surgery also had 
a significantly higher success rate (ranged between 78% 
and 100%).14,54 Furthermore, Silay et al. observed that 
robotic surgery was associated with significantly less post- 
operative complication compared to laparoscopic surgery 

(3.2% vs 7.7%, respectively). This was further confirmed 
by Taktak et al., who also reported with a shorter hospital 
stay in the robotic pyeloplasty group.55

Taking into accounts the potential benefits of all surgical 
modalities available in treating PUJO, we proposed an algo-
rithm to select the most suitable minimally invasive treat-
ment for PUJO correction (Figure 2). In this algorithm, we 
proposed that all paediatric patients should be considered to 
undergo laparoscopic or robotic surgery, depending on the 
hospital resources and surgeon’s experience and preference. 
In patients with a concomitant renal stone, endoscopic 
approach can be considered despite offering a lower success 
rate. The same principle applied to the adult population, 
where laparoscopic and robotic approach should be 

Figure 2 Recommended algorithm in pelvic-ureteric junction minimal invasive management. 
Abbreviations: PUJO, pelvic-ureteric junction management; LP, laparoscopic pyeloplasty; RALP, robotic-assisted laparoscopic pyeloplasty.
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recommended as the first-line treatment. Endoscopic surgery 
can be considered in the presence of urinary stone or in short 
ureteral stenosis (<2 cm), and incomplete obliteration of the 
obstructed ureteral segment. Open pyeloplasty should be 
offered in places where minimally invasive resources were 
unavailable, or when the surgeons’ experience to perform 
these minimally invasive interventions were limited.

Conclusion
Currently available evidence showed that the success rate 
of both robotic and laparoscopic surgery in the manage-
ment of PUJO is comparable. Endoscopic approach to 
manage PUJO in paediatric cases has a higher failure 
rate compared to open or laparoscopic or robotic 
approaches. However, endoscopy could be offered in cer-
tain clinical scenarios. Robotic surgery has offered 
a significant technical advantage, which ensured a high 
success rate and low post-operative complication rate, 
with a relatively shorter learning curve. The decision to 
choose the best surgical technique to correct PUJO should 
be tailored to the patient’s individual condition, surgeon’s 
preference, and available resources.
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