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Abstract: Pyeloplasty is considered the gold standard for the management of ureteropelvic
junction obstruction in cases of flank pain, recurrent stone formation or infection, and
deteriorating renal function. Over the last two decades, minimally invasive techniques such
as robotic (RALP) and laparoscopic pyeloplasty (LP) have become increasingly popular and
have been moderately replacing the open approach. This paper aims to provide
a comprehensive up-to-date review on safety, efficacy and outcomes regarding robotic repair
of UPJO compared to the conventional laparoscopic procedure. RALP represents a viable
and innovative alternative to conventional LP with a comparable success and complication
rate both in adult and in paediatric fields. The robotic approach seems to add further technical
advantages when compared to conventional LP but sustains a higher costs. Currently, the
choice to adopt one of the different minimally invasive approaches depends on the surgeon’s
preference or experience, and on institutional availability.

Keywords: robotic pyeloplasty, laparoscopic pyeloplasty, ureteropelvic junction obstruction,
hydronephrosis, pyeloplasty

Introduction

Ureteropelvic junction obstruction (UPJO) is one of the most common causes of
hydronephrosis resulting from both congenital and acquired conditions.' Clinical
symptoms may present at any time ranging from intrauterine life to late adulthood.
Pyeloplasty still remains the gold standard for the management of UPJO in cases of
flank pain, recurrent stone formation or infection, and deteriorating renal function.’

Historically, the open approach had long been regarded as the standard treat-
ment. However, over the last 20 years, minimally invasive techniques have become
increasingly popular thanks to several benefits such as smaller incisions, shorter
length of stay and reduced pain.’

In 1993 Schuessler et al described the first laparoscopic pyeloplasty (LP) noting the
perceived advantages and comparable results with reference to the open technique.”

However, compared to open pyeloplasty, LP involves more technical difficul-
ties, a longer learning curve, increased operative time and advanced laparoscopic
skills for precise tissue dissection and intracorporeal suturing.’

The introduction of robotic technology revolutionised the surgical field. The first
Robot-assisted LP (RALP) series was reported by Gettman et al in 2002.° In recent
years there has been considerable interest in RALP because it offers the advantages
of conventional laparoscopy in terms of perioperative morbidity, but with a shorter
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learning curve and potentially improved outcomes thanks
to a greater range of motion and a magnified three-dimen-
sional vision.

This paper aims to provide a comprehensive up-to-date
review on safety, efficacy, and outcomes of robotic repair of
UPJO when compared to the conventional laparoscopic
procedure.

Materials and Methods

A non-systematic literature search of PubMed and
EMBASE databases was carried out in August 2020 to
select relevant papers published between 2000 and 2020
which provided data on LP and RALP for the treatment of
UPJO. The search string was (“pyeloplasty”) AND
(“robotic pyeloplasty”’) OR (‘robot assisted laparoscopic
pyeloplasty) OR (‘robotic-assisted laparoscopic pyelo-
plasty) AND (“laparoscopic pyeloplasty”). The inclusion
criteria were studies published in English language, studies
reporting results for both adult and paediatric patients,
studies providing original data and metanalyses, and stu-
dies describing clinical outcomes for LP and RALP. The
exclusion criteria were editorials, case reports, commen-
taries, short communications and incomplete original data.
Information about study type, sample size, technical pro-
cedure, peri- and post-operative outcomes, success rate
and failure, complications and costs were analyzed.

Operative Technique

Patients eligible for pure laparoscopic and robot-assisted
pyeloplasty are essentially the same. Similarly, RALP

@® 10 mmlaparoscopic trocar
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Figure | Conventional laparoscopic pyeloplasty trocars’ placement.

contraindications are similar to any laparoscopic procedure
including active infection, severe cardiopulmonary dis-
ease, uncorrectable coagulopathy.’

Conventional Laparoscopic Pyeloplasty
Conventional LP requires grasping instruments, cutting
and energy dissectors, needle drivers, aspirator, clips and
a 10 mm 30° or 0° lens. The procedure is usually per-
formed under general anaesthesia.*

Both the transperitoneal and the retroperitoneal
approaches are described, although the latter remains tech-
nically challenging.®’

As regards the transperitoneal route, the patient is
positioned in a lateral flank position. A three 10 mm-
ports technique is usually performed.* An additional
5 mm port could be used for liver retraction in right-
sided procedures (Figure 1).

Furthermore, mini-laparoscopic pyeloplasty could be
performed using a 5 mm camera-port (2 cm lateral to the
umbilicus) and two other 3 mm-ports placed under direct
vision along the midclavicular line.'”

Moreover, some laparoendoscopic single site (LESS)
pyeloplasty series” have been reported since 2007.'" LESS
pyeloplasty is carried out through a single abdominal wall
incision by placement of a single multi-instrument port.

Once the colon is mobilized medially, the proximal
ureter can be identified just medial to the lower pole of
the kidney. If necessary, the gonadal vein can be dissected.
In selected cases, a transmesocolic approach for left side
laparoscopic pyeloplasty is feasible.'? According to the
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Figure 2 Anderson-Hynes dismembered procedure: the renal pelvis is circumferentially transacted above the UPJO.

Anderson-Hynes dismembered procedure, the renal pelvis
is circumferentially transacted above the UPJO and the
proximal ureter is usually spatulated on the lateral side
with an interrupted suture (Figure 2).

Alternatively, different techniques of non-dismembered
repairs have been described including Fenger pyeloplasty
and Foley Y.V plasty. These methods do not require
a complete disconnection of the pelvis and ureter and are
recommended depending on the UPJO anatomy and the

surgeon’s preference.'>'*

Robotic-Assisted Laparoscopic
Pyeloplasty

Robotic technology has implemented the management of
UPJO by providing magnified three-dimensional vision,
tremor filtering, motion scaling, and extended range of
motion resulting in easier dissection and suturing. Thanks
to these advantages, RALP offers laparoscopic procedural
benefits with a more rapid and efficient learning curve.’

Included in robotic instruments used are needle drivers,
bipolar forceps, aspirator and monopolar scissors.
Depending on the surgeon’s preference, the camera con-
sists of a 0° or 30° lens. Generally, the procedure is carried
out under general anesthesia, although other anesthesiolo-
gic techniques for mini-invasive surgery such as spinal and
epidural anesthesia are under investigation.'>'®

The transperitoneal approach is usually favoured
because of its more familiar anatomic landmarks and lar-
ger working area, although the retroperitoneal route is also

feasible.

Patient positioning for transperitoneal laparoscopic and
robotic pyeloplasty is essentially identical. Three trocars (two
8 mm robotic trocars and one 12 mm trocar - da Vinci® XI) are
placed in a triangulated configuration: the two operative
robotic ports are positioned respectively at the midpoint
between the anterior superior iliac spine and the umbilicus,
and, on the pararectal line, 1 cm beyond the costal arch. The
5-mm assistant port is positioned on the midline at the midpoint
between the umbilicus and the xiphoid process.'” (Figure 3)

Recently, a short series of single-site robot-assisted pye-
loplasty have been also reported where a single 25-mm
multichannel port containing an articulating robotic camera
and two double-jointed robotic instruments was placed.'®

Robotic
dismembered pyeloplasty follows the same steps as

technique for dismembered or non-
conventional LP. Initially, interrupted sutures for the pelvi-
ureteric anastomosis were described as reproductive of the
LP procedure. Subsequently, most of the series’ currently
report a continuous running anterior and posterior suture
for uretero-pelvic reconstruction. Further minimally inva-
sive approaches that allow for minimal incisions of the

retroperitoneum  have d.!o20

recently been propose
Presently, the literature does not provide any comparison
studies regarding differing outcomes of interrupted or con-

tinuous suturing.”'

Stenting

It is common practice to create a stented anastomosis both
in LP and RALP. The retrograde versus anterograde way
of stenting has been discussed over the years.”
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Figure 3 Robotic pyeloplasty trocars’ placement.

Pyeloplasty usually follows cystoscopic retrograde
stent positioning with the advantage of performing
a preliminary retrograde pyelogram. On the other hand,
initial stenting results in the collapse of the renal pelvis
making identification of the UPJO point more difficult.
In addition, a pre-placed stent may interfere with sutur-
ing. Antegrade stenting during pyeloplasty has been
suggested to overcome these limits.”> However, ante-
grade stenting can sometimes be challenging, especially
during the learning curve. In order to get the benefits of
both antegrade and retrograde stenting, some authors
have proposed the use of mono J stents which can easily
be converted into a double-J stent such as the Contour.*
Similarly, other authors have recently proposed the use
of a double-lumen ureteric stent.”* The double-lumen
valve-controlled stent seems to support neo anastomoses
healing and help in accurately monitoring both perio-
perative urine drainage and perianastomotic leakage.

Regardless of whether classic laparoscopic or robot-
assisted pyeloplasty is used, some authors have proposed
stentless procedures, in both children and adults, with the
same success rates as stented pyeloplasty.”’

Paediatric Setting

With the current widespread use of minimally invasive
techniques, LP can also be considered the gold standard
treatment for UPJO in the paediatric population. Robotic
pyeloplasty for UPJO management is the pioneer proce-
dure of paediatric robotic surgery, although the real benefit
of robotics remains controversial.

In fact, children have a unique anatomy and physiology
when compared to adults, including more rapid gastric emp-
tying times with increased small bowel distention, all of
which making access more challenging. Moreover, the cra-
nial position of the bladder and the laxity of the abdominal
wall result in a higher risk of vascular or bowel injuries.*®

The surgical steps are almost identical in both LP and
RALP and are comparable to the procedures performed on
adults. From a technical point of view, LP requires
advanced laparoscopic skills, while robotic surgery allows
the surgeon to overcome many technical challenges, in
particular intracorporeal suturing. The limitations of
robotic surgery continue to be the high cost and the size
of robotic instruments.?’

Perioperative Outcomes

A growing body of literature has examined perioperative

outcomes of LP and RALP providing comparable results.
In 2018 Hong et al*® reported no need for conversion

to open surgery among 216 patients treated with mini-

140 RALP) in

a retrospective comparative study. A shorter operative

invasive pyeloplasty (76 LP and

time for RALP was observed when compared to LP in
cases of simple pyeloplasty (122.29 = 32.64 vs 132.00 +
34.74 mins respectively, p = 0.042) and in horseshoe
kidney patients (112.5 £ 15 vs 149.6 = 17.17 mins; p =
0.011), while no difference was recorded in cases of asso-
ciated pyelolithotomy (p = 0.656).

In a systematic review conducted by Light et al,*’
RALP was found to have shorter operating times than
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LP (weighted mean difference [WMD] 26.71 min, 95% CI
44.42-9.00; P = 0.003) and a shorter LOS (WMD 1.21
days, 95% CI 1.84-0.57; P = 0.003).

A more recent systematic review of 26 retrospective
and prospective studies showed no statistically significant
differences between RALP and LP with respect to opera-
tive time (OR = —12.12; 95% CI —41.08-16.84; p =
0.412), and length of stay (OR = —0.87; 95% CI —3.23—
1.49; p = 0.471).%°

Regarding the best surgical access for both LP and
RALP, the transperitoneal and the retroperitoneoscopic
approaches have shown comparable outcomes in terms of
operative time, morbidity, hospital stay, time to convales-
cence and success rate. The choice remains a matter of
surgeon preference as the first offers a larger and more
familiar working space while the second a direct approach
to the UPJ and hilar vessels.”’

Finally, Amon Sesmero et al studied different pyelo-
plasty techniques and found no differences in success rates
and complication rates between the Anderson—Hynes
(A-H) plasty, the non-dismembered pyeloplasty and the
Hellstro"m technique (HT) (p>0.05). The mean surgical
time for A-H technique was longer than for the Y-V Foley
and Fenger plasty (202—44 minutes vs 147-27 vs 124-30,
p < 0.05).%?

Perioperative Paediatric Outcomes
Regarding the perioperative outcomes in the paediatric
population, in 2011 Sorensen et al found a complication
rate of 2.2% and 3% after laparoscopic and robotic pyelo-
plasty, respectively. After adjusting for all the studies vari-
ables, subjects with preoperative comorbidities had 3.1
times higher odds for complication than patients without
comorbidities (p = 0.001), while multivariate analysis indi-
cated that a surgical approach had minimal effect on the
rates of intraoperative and postoperative complications.>
More recently, two authors have evaluated the same
outcomes confronting LP vs RALP. According to Andolfi
et al** results, success rates were comparable between the
two minimally invasive approaches with average rates of
98.5% and 96.9% at a follow-up of 14.1 and 26.3 months
for RALP and LP, respectively. RALP favoured lower
complication rates as compared to LP, with a combined
rate of 7.2% in the RALP group vs 14.3% in the LP group.
Extracting data specific to infants, the average LOS was
similar between RALP and LP. On the other hand, no
significant difference was noted by Arksenov et al*® in
the need to convert to open surgery in RAP vs LP (1.46%

vs 1.12% respectively, p = 0.42) nor in the complication
rate (4.23% vs 4.32% Clavien Dindo III-IV respectively,
p = 0.90).

Operative Success

Operative success was meant as patent ureteropelvic junc-
tion confirmed by radionuclide diuretic renogram or intra-
venous urography with a decrease in severity of
hydronephrosis and an absence of symptoms. However,
recently some authors have proposed Colour Doppler
Ultrasonography as a non-invasive, fast, inexpensive and
available modality for evaluating the success of pyelo-
plasty instead of the nuclear scan.*®

Through time, LP and RALP have shown success rates
comparable to those reported in older OP series’, surpass-
ing 95%, while minimising the morbidity and ameliorating
wound cosmesis.®’*

In 2014, Autorino et al® observed no differences in
terms of success and complication rates between LP and
RLP. However, they concluded their systematic review
stating that robotic pyeloplasty is likely to emerge as the
new minimally invasive standard of care.

Hopf et al registered the long-term outcomes of
patients treated with RLP, finding a success rate of
96.9% with an 8-year failure-free survival of 91.5% over-
all and 96.3% when considering only stented pyeloplas-
ties. Stentless RLP was associated with a significantly
increased rate of postoperative urine leak compared to

stented RLP.>°

Operative Success in Paediatric

Population

In a recent systematic review focused on the paediatric
population, RALP (n = 1233) was associated with
a significantly higher success rate (OR = 2.51; 95% CI
1.08-5,83; p = 0.03) compared to LP (n = 1021), whereas
both procedures yielded overlapping results in terms of
safety and reintervention rate.*’

Complications

Complications include those often seen in other types of
minimally invasive urologic procedures. Intraoperative
complications encompass ligation of the lower pole artery,
loss of a needle, hypercapnia, cutting of the ureteral stent,
colonic injury and port site bleeding. Urine leak, hema-
toma formation, colonic lesion and stone formation are the

main postoperative complications.*®
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RALP and LP yielded analogue results regarding over-
all mid and long-term complications (OR = 1; 95% CI
1-1; p = NA), urinary leakage (OR = 0.57; 95% CI 0.24—
1.36; p = 0.206), transfusion rate (OR = 0.44; 95% CI
0.02-10.32; p = 0.613) and re-operation rate (OR = 0.32;
95% CI 0.01-8.24; p = 0.494).*!

In 2006 Zhang retrospectively described a series of 56
transperitoneal LP, with intra-operative and post-operative
complication rates respectively attested at 2.3% and
12.9%, while the recurrent UPJO requiring secondary pro-
cedures ranged from 3.5% to 4.8%.*?

In 2019 a comparison between 34 LP and 34 RALP at
a single high-volume center found post-operative compli-
cation rates to respectively be noted at 8.8% and 5.9%,
with the prolonged urinary leakage the most common
adverse event (33.3% and 50%).*

According to the faculty review by Mendrek et al, no
clear consensus exists about statistically significant differ-
ences between RALP and LP in terms of operative time
and complication rates, while the two techniques are sta-
tistically equivalent regarding hospital readmissions and
success rate.**

Re-Do Pyeloplasty and Horseshoe
Kidney

The role of robotic and pure laparoscopic surgery on re-do
pyeloplasty has not been investigated in detail. Zhang et -
al*® retrospectively evaluated patients who had undergone
secondary RALP or LP for recurrent UPJO. They found
that the mean operative time, suturing time, and hospitali-
zation time of patients in the RALP group were signifi-
cantly less than those in the LP group. However, the
success rate of the RALP group and the LP group was
found to be similar (87.7% and 85.7%, respectively).

In recent years, robotic surgery in both adults and
children has increasingly become the first choice even in
cases of previous failed pyeloplasty.*®

There are no comparative studies between RALP and LP
regarding particular anatomical conditions such as horseshoe
kidneys. However, there are numerous case reports and case
series’ in the literature that, in expert hands, show how both
procedures are feasible and capable of guaranteeing good

surgical success with limited complications.*’**

Cost Analysis
When evaluating different treatment approaches, costs have
to be taken into account as well. Yu et al* found RALP to be

associated with a higher median cost ($ 11,829) than LP ($
8291). In the hands of surgeons experienced in LP, the
transition to the robotic platform increased the cost by 2.7
times, as shown by Link et al.>® RALP offers the advantages
of laparoscopy in terms of morbidity and, in addition, offers
a quicker learning curve with the potential of improved
results due to enhanced three-dimensional visualisation.
For urologists who do not have extensive experience with
intracorporeal suturing, the robotic approach can substan-
tially increase the speed of learning and this reason alone
may justify its high cost.

Learning Curve and Surgeon’s

Perspective
Rasool et al in 2019 recorded higher degrees of the sur-
geon fatigue index (SFI) for LP compared to RALP (7
v. 4.12, p<0.001), which correlates with surgeon longevity.
No differences were found in terms of post-operative pain
control evaluated by the VAS score and mean hospital,
while the operative time was significantly longer for LP
(187.76 £ 22.1 min vs 136.76 = 25.1 min, p < 0.001),
which is in disagreement with the previous cited review.*?
The surgical learning curve has been evaluated in only
a few studies for either laparoscopic or robotic pyelo-
plasty. Most of the authors found out that the learning
curve of LP and RALP steadily decreased with collective
surgical experience.’'>> Chammas MF et al>® evaluated 99
patients who had undergone 100 consecutive robotic pro-
cedures. Cases were divided into 4 groups of 25 consecu-
tive procedures to analyse the learning curve. A significant
decrease in hospital stay and surgical time was evident
after 25 cases. More than about 40 RALP cases are needed
to achieve mastery, a significant reduction in OT, length of
stay, and postoperative pain.>*°
Bowen et al evaluated the role of proctoring and of an
established robotic program and found that an experienced
open surgeon and fellowship-trained surgeon can quickly
attain levels of expertise with paediatric RALP.>®
Laparoscopic surgery can be technically more challen-
ging than robotics, but it also has the advantage of no dock-
ing and precise learning of how robots and consoles work.
Panek et al’’ evaluated the learning curve for LP. They
concluded that the surgical learning curve reflects the sur-
geon’s experience with regard to the entire therapeutic pro-
cess, and not exclusively their manual skills. Similarly, Zhu
et al®® evaluated 50 consecutive laparoscopic pyeloplasties
performed by two urologists from different urologic centres
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during their learning curve period in laparoscopy. They tried
to assess any differences in the learning curve for two differ-
ent laparoscopic approaches (retroperitoneal vs transperito-
neal). They concluded that during the learning curve for
laparoscopy young urologists should perform laparoscopic
pyeloplasty using a transperitoneal route, while, in expert
hands, both approaches are feasible and the choice depends
on personal preference.

Conclusion
RALP represents a viable and innovative alternative to
conventional LP, with comparable success and complica-
tion rates both in adult and in paediatric fields. The robotic
approach seems to add further technical advantages when
compared to conventional LP but sustains higher costs.
Currently, the choice to adopt one or the other mini-
mally invasive approach depends on the surgeon’s prefer-
ence or experience, and on institutional availability.
Although the number of studies in this field has
increased, further randomised controlled trials should be
undertaken to draw stronger conclusions.

Disclosure
The authors report no conflicts of interest for this work.
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