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INTRODUCTION

Vesicoureteral reflux (VUR) in children has been refe­
rred as the “prostate cancer” of pediatric urology, as the 2 
conditions share many features such as the high prevalence 
rates in their respective populations, the recent decline 
in utilization of  diagnostic studies for these conditions, 
the historically high utilization of  surgical intervention 
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in the 2 conditions, as well as other features. VUR has a 
relatively high prevalence in children, where it occurs in 
approximately 1% of the general pediatric population [1], 
similar to the high prevalence of prostate cancer in men, one 
of the most common cancers in the world [2]. In addition, the 
screening or diagnostic tests for both diseases also appear to 
be in decline due to recently released guidelines. The updated 
American Academy of Pediatrics (AAP) guidelines [3] on 
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the diagnosis and management of urinary tract infections 
(UTIs) in febrile infants and young children has led to the 
delay of  voiding cystourethrography (VCUG) until the 
second UTI, which has decreased the diagnostic incidence 
of VUR [4]. Similarly, in 2012, the U.S. Preventive Services 
Task Force recommended against prostate­specific antigen 
(PSA) screening for prostate cancer, as they concluded that 
the potential benefits of screening were not greater than the 
expected risks; however, the debate on PSA screening is still 
continuing [5]. Furthermore, the historically high utilization 
of surgical intervention in the 2 conditions has led to the 
introduction of minimally invasive surgical options for both 
conditions. Robot­assisted laparoscopic radical prostatectomy 
has already become the new standard surgical treatment 
of  prostate cancer for 90% of  current prostate cancer 
surgical candidates as a result of its favorable and enduring 
oncologic outcomes comparable to open surgery and the 
relatively low complication rates for erectile dysfunction and 
postprostatectomy urinary incontinence [6].

Indications for surgical treatment of  pediatric VUR 
include breakthrough UTI while on continuous antibiotics 
prophylaxis, renal scarring, and worsening or unresolving 
VUR. Determining which approach is most effective for 
treating a particular pediatric patient with VUR involves 
weighing the pros and cons of various antireflux surgeries 
with respect to success rates, durability of results, avoidance 
of febrile UTIs, universal applicability, general availability, 
perioperative morbidity, wound cosmesis, and cost [7]. Tra­
ditionally, open ureteral reimplantation is considered the 
gold standard surgical intervention for VUR [8]. However, 
recently, minimally invasive techniques such as robot­
assisted laparoscopic surgery has been increasingly 
utilized for the treatment of pediatric surgical conditions 
[9,10], as robotic surgical systems have provided surgeons 
with 3­dimensional vision, 10x magnification, and fully 
articulating endo­wrists suitable for dissection and suturing. 
As a result, minimally invasive surgery options have become 
increasingly available for many complex reconstructive 
procedures in pediatric urology. Since first introduced in 
2004 [11], robot­assisted laparoscopic ureteral reimplantation 
(RALUR) has been described as one of these new minimally 
invasive procedures that have been increasingly adopted 
and described in several clinical series [12­31]. 

In this article, we reviewed the literature over the past 
decade on pediatric RALUR with a critical analysis of the 
perioperative outcomes with respect to reflux resolution 
and complications. As a result of this review, based upon 
this analysis, we provide tips and tricks on how to facilitate 
the best possible outcomes with RALUR to enable this 

minimally invasive surgical option to become a new 
standard treatment option for VUR in children similar 
to the evolution of  radical prostatectomy from an open 
procedure to become the new standard surgical treatment 
option for prostate cancer in adult men.

THE PREVALENCE OF RALUR DURING 
THE LAST DECADE

RALUR has become more prevalent over the past 
decade but still remains relatively uncommon in many 
pediatric centers. Bowen et al. [32] recently analyzed the use 
of pediatric open, laparoscopic and RALUR in the United 
States from 2002 to 2012. The number of annual ureteral 
reimplantations decreased by 14.3% during this time period, 
but the minimally invasive ureteral reimplantations inc­
reased from 0.3% in 2000 to 6.3% in 2012. Of the minimally 
invasive ureteral reimplantations, 81.2% were robot­assisted 
laparoscopic.

While robotic surgery has increased in volume over the 
past decade in the field of pediatric urology, RALUR has 
lagged behind the increase of  robot­assisted laparoscopic 
pyeloplasty (RALP). In our personal surgical experience 
(unpublished data), the number of  RALUR cases was 
actually the highest in case volume as of 2010, while RALP 
was second highest as a result of the high prevalence of 
VUR in the pediatric population. However, the revised 
2011 AAP guideline for the workup of  pediatric UTI, 
where VCUG was not recommended routinely after the 
first febrile UTI led to decreases in the number of newly 
diagnosed VUR patients and the subsequent number of 
ureteral reimplantation surgeries. Of note, though, RALUR 
still remains a relatively high volume procedure for a 
pediatric robotic surgery program (Fig. 1). Another factor 
for why robotic ureteral reimplantation has not enjoyed as 
widespread adoption as quickly as robotic prostatectomy may 
be related to the necessary learning curve for the RALUR 
procedure. While many centers have reported favorable 
outcomes and safety profiles for RALUR [13,15,18,26], other 
centers have reported outcomes that did not reach the 
levels associated with traditional open reimplantation, 
indicating that the procedure’s complexity may have been 
underestimated [25,27]. A potential remedy for this is for 
surgeons early in their learning curve for robotic surgery to 
defer RALUR procedures until a later point in their robotic 
experience.
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INTRAVESICAL APPROACH

The intravesical approach of RALUR is composed of the 
following surgical steps: creation of pneumovesicum by the 
instillation of CO2 gas into the bladder, intravesical ureteral 
mobilization, submucosal tunneling, and intravesical advan­
cement of the mobilized ureters within the newly created 
submucosal tunnels. This requires meticulous dissection and 
suturing in a limited working space. Since Peters and Woo [12] 
first described this procedure using a cross­trigonal or Cohen 
method, only 2 other series have reported their experiences 
with intravesical RALUR (Table 1) [12,16,17].

Peters and Woo [12] reported their clinical series of 
6 children 5 to 15 years old without the need for open 

conversion. Five of  6 patients (83%) had radiographic 
resolution of the VUR, while 1 patient had a urine leak 
postoperatively secondary to inadequate bladder closure. 
In 2011, Marchini et al. [16] reported on their series of 
patients who underwent intravesical RALUR (n=19) with 
intravesical open ureteral reimplantation (n=22), as well as 
extravesical RALUR (n=20) with extravesical open ureteral 
reimplantation (n=17). In their series, intravesical RALUR 
was associated with shorter durations of urinary catheter 
drainage, fewer bladder spasms, and shorter hospital stays 
when compared to the open intravesical technique, but with 
a higher reported complication rate. In 2012, Chan et al. 
[17] reported their intravesical RALUR experience in three 
children, all with high­grade bilateral VUR. All 3 patients 
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Fig. 1. Personal historical perspective of pediatric robotic surgical cases 
over the past decade that include intravesical RALUR (ureteral reimplanta-
tion) cases. RALUR remains a significant procedure in terms of surgical 
volume, and second in volume only to robotic pyeloplasty. RALUR, robot-
assisted laparoscopic ureteral reimplantation.

Table 1. Previously published articles on pediatric intravesical robot-assisted laparoscopic ureteral reimplantation

Study Year
No. of 

patients
No. of 

ureters
Mean age in 

years
% Reflux  

resolution rate
% Overall  

complication rate
Reported complication (%)

Peters et al. [12] 2005 6 NA 5–15 (range) 83 (patient) 17 Bladder leak (17)
Marchini et al. [16] 2011 19 38 9.9 92 (ureter) 52 Pain score greater than 2 (42), significant 

bladder spasm (10), urinary retention 
(5), bladder leak (21)

Chan et al. [17] 2012 3 6 4.7 100 0 None
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(100%) showed reflux resolution on postoperative VCUG, and 
were free from UTI during the follow­up period.

A notable point is that, despite the similar time of 
introduction of  intravesical RALUR in the literature 
with conventional laparoscopic intravesical ureteral 
reimplantation [33], no other reports on intravesical 
RALUR have been published in the literature beyond the 
initial articles unlike the increasing number of  articles 
of  further procedural development with conventional 
laparoscopic intravesical ureteral reimplantation [34­40]. 
Technical challenges with laparoscopic reimplantation and 
the expansion of the number of robotic systems worldwide 
may partially explain this evolution toward robotic 
reimplantation, as well as the multijointed angulation 
provided by the robotic instruments that facilitates the 
ureteral mobilization, submucosal tunneling, and suturing. 
On the other hand, the larger size of the robotic camera 
(12 mm) and instruments (8 or 5 mm) have the potential 
for increased risk of port site bladder leakage, space limi­
tation, and inferiority in cosmesis when compared to the 

conventional laparoscopic camera (5 mm) and instruments 
(3 mm) which are usually used during conventional 
laparoscopic reimplantation [17]. Future development of 
smaller and less bulky robotic instruments may overcome 
these potential limitations and facilitate further adoption of 
the intravesical RALUR procedure.

EXTRAVESICAL APPROACH

The extravesical approach of RALUR is based on the 
open extravesical Lich­Gregoir procedure [41,42]. Since first 
described by Peters [11] in 2004, the extravesical approach 
has been adopted at many pediatric centers for RALUR. 
The RALUR experience appears to be following a similar 
historical experience to that of  the open extravesical 
technique, where suboptimal results were noted in the 
early experience [43], with eventual widespread adoption 
worldwide.

Table 2. Previously published articles on pediatric extravesical robot-assisted laparoscopic ureteral reimplantation

Study Year
No. 

patients
No.  

ureters
Mean age  

in years
% Reflux  

resolution rate
% Overall  

complication rate
Reported complication (%)

Peters [11] 2004 24 27 5.8 88 (patient) 13 Bladder leak (4), bladder leak and transient 
voiding difficulty (4), transient ureteral 
obstruction (4)

Casale et al. [13] 2008 41 82 3.2 98 (patient) 2 Febrile UTI (2)
Lee et al. [14] 2010 4 4 2.3 100 25 Ureter obstruction (25)
Smith et al. [15] 2011 25 33 5.8 97 (ureter) 16 Urinary retention (16)
Marchini et al. [16] 2011 20 27 8.6 100 (ureter) 30 Pain score greater than 2 (20), significant 

bladder spasm (10), urinary retention 
(10), ureter leak (10)

Kasturi et al. [18] 2012 150 300 3.6 99 (patient) 1 Febrile UTI (1)
Chalmers et al. [19] 2012 16 22 6.3 91 (ureter) 0 None
Callewaert et al. [20] 2012 5 10 6.8 90 (ureter) 40 Urinary retention (40)
Dangle et el. [21] 2014 29 40 5.4 80 (ureter) NA NA
Schomburg et al. [22] 2014 20 NA 6.2 NA 5 Urinary retention (5)
Akhavan et al. [23] 2014 50 78 7.2 92 (ureter) 10 Ureteral obstruction (4), ureteral injury (2), 

perinephric fluid collection (2), ileus (4), 
Febrile UTI (10), Urinary retention (4)

Hayashi et al. [24] 2014 7 12 7.6 92 (ureter) 0 None
Grimsby et al. [25] 2015 61 93 6.7 77 (patient) 28 Febrile UTI (18), ureteral obstruction (5), 

urine leak (3), readmission for nausea 
and vomiting (2)

Silay et al. [26] 2015 72 91 5.4 98 (ureter) 3 Urinary retention (3)
Herz et al. [27] 2016 54 72 5.2 85 (ureter) 11 Ureteral obstruction (7), ureteral injury (4), 

urinary retention (7), postoperative UTI 
(11)

Arlen et al. [28] 2016 17 20 9.3 100 12 Ileus (6), Febrile UTI (6)
Gundeti et al. [29] 2016 58 83 5.3 82 (ureter) 3 Urinary retention (3)

UTI, urinary tract infection; NA, not available.
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1. Surgical outcomes
Even though extravesical RALUR has been utilized 

by many surgeons over a decade, the surgical outcomes of 
this procedure have been reported with variability among 
previously reported series (Table 2). In 2008, Casale et al. 
[13] reported their extravesical RALUR experience of  41 
children with VUR. All of the patients had bilateral reflux, 
and the reflux resolution rate was 97.6%. No complications 
were reported except for one febrile UTI episode which 
occurred in the patient with persistent VUR postoperatively. 
No episodes of  urinary retention were documented by 
bladder scan. In 2012, this group reported on their subse­
quent RALUR case series with an increased number of 
150 children with bilateral VUR and at least 2 years of 
postoperative follow­up [18]. The reflux resolution rate was 
99.3% based on postoperative VCUG. Only one patient had 
persistent reflux after RALUR which became downgraded 
from bilateral grade 5 VUR to unilateral grade 2 VUR. No 
patients were reported to have de novo voiding dysfunction 
or urinary retention when measured by objective voiding 
parameters and validated questionnaire. The authors 
concluded that bilateral nerve­sparing robotic­assisted 
extravesical reimplantation is associated with similar success 
rates as the traditional open approaches, with minimal 
morbidity and no voiding complications after surgery. Other 
subsequent series also reported similar favorable outcomes 
of  RALUR. In 2011, Smith et al. [15] compared surgical 
outcomes of 25 extravesical RALUR patients with those of 
25 open cross­trigonal ureteral reimplantation patients. The 
overall success rate was 97% for RALUR compared to 100% 
for open reimplantation, but with a reduced mean length 
of stay (33 hours vs. 53 hours) and reduced pain medication 
usage in the RALUR group. In 2015, Silay et al. [26] reported 
the outcomes of  72 children (91 ureters) who underwent 
extravesical RALUR. The complete resolution of VUR was 
observed in 97.9% with only 2 patients (2.7%) reporting 
development of temporary postoperative urinary retention 
that self­resolved within 2 weeks.

Other series reported favorable reflux resolution rates 
with RALUR but with uncommon but serious complications. 
In 2011, Marchini et al. [16] reported 20 cases of extravesical 
RALUR with a reflux resolution rate of 100%, but with 2 
cases (10%) of ureteral injury. In 2014, Akhavan et al. [23] 
reported the outcomes of  78 extravesical RALUR in 50 
patients. Ten patients (20%) had prior Deflux injection, and 
2 (4%) had prior ureteroneocystostomy on the ipsilateral side. 
The reflux resolution rate was 92.3% based on postoperative 
VCUG, but the overall complication rate was 10% including 
2 patients (4%) with ureteral obstruction and 1 (2%) with a 

ureteral injury, which necessitated ureteral stent placement 
in all 3 patients. They found no association between 
persistent reflux and patient gender, age, presence of voiding 
dysfunction, history of prior reflux surgery, bilaterality, or 
stent placement during surgery.

Two other series have reported suboptimal success rates 
with relatively high complication rates. In 2015, Grimsby 
et al. [25] reported on the experience at 2 institutions with 
extravesical RALUR. Of the 61 patients (93 ureters) who 
underwent RALUR, VUR resolution was noted in only 44 
of 61 patients (72%), while 6 major complications (10%) were 
also noted including ureteral obstruction or ureteral leak. 
Reoperations were performed in 9 patients (11%). No specific 
demographic or intraoperative factor was determined to be 
responsible for the lower success rate. In 2016, Herz et al. [27] 
reported the outcomes of extravesical RALUR in 54 children 
with a total of  72 ureters. Overall surgical success was 
85.2% of ureters and overall complication was 11% including 
ureteral obstruction (7.4%) or ureteral injury (3.7%). They 
concluded that bilateral RALUR is associated with higher 
failure rates, higher complication rates, higher reoperation 
rates, and more postoperative UTIs and nonsurgical 
readmissions compared with unilateral RALUR.

Several possibilities may explain the variability in 
the reported surgical outcomes of extravesical RALUR at 
different institutions. As one potential explanation, similar 
to all new techniques, there is most likely variability in 
the patient populations and in surgeon experience, where 
the success rates after RALUR may have been affected 
by case selection as well as by a surgeon’s learning curve. 
With the adoption of RALP, the operative time of RALP 
significantly decreased as surgeons progressed through 
their learning curve, and the reduction of operative time 
and the potential for major complications with RALUR is 
expected as the learning curve is overcome [44]. Another 
consideration is the underestimated complexity of  the 
extravesical RALUR procedure. Similar to the open 
approach, essential surgical steps for RALUR include the 
mobilization of the ureter proximally for approximately 4 
to 5 cm to achieve a sufficient length for reimplantation 
which should include minimal usage of cautery and ureteral 
handling during distal ureteral dissection, with preservation 
of periureteral tissues and the delicate blood supply to the 
ureter. Manipulation of the ureter should also be minimized 
when the detrusor flaps are wrapped over the ureter during 
the reimplantation.

The reported complications associated with RALUR 
range from mild to severe [11­29]. The most common com­
plication is urinary retention, which can be considered a 
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relatively mild complication since it usually does not require 
an extended hospital stay or additional surgical procedures. 
Replacement of the Foley catheter for up to 2 weeks may be 
required, after which self­resolution of the retention usually 
occurs. After Foley catheter is removed, timed voiding and 
double voiding should be encouraged every 2 to 3 hours to 
promote bladder emptying. While urinary retention is a 
known risk after bilateral open ureteral reimplantation as 
well with an incidence as high as 26% [45], the risk may be 
enhanced in RALUR patients when voiding dysfunction or 
bladder bowel dysfunction is present. However, the reported 
urinary retention rate after bilateral RALUR overall 
appears to be lower than that for open extravesical ureteral 
reimplantation (estimated at approximately 10% of bilateral 
cases) [46]. Casale et al. suggested that the enhanced robotic 
visualization allowed for detection and careful manipulation 
of  the periureteral tissue at the bladder hiatus with 
identification of the pelvic plexus, and therefore a decrease 
in the incidence of postoperative urinary retention [13,18]. 
However, in another report, location of the pelvic plexus by 
recording muscle action potential of bladder smooth muscle 
after electric stimulation could not be identified during the 
assessment of bladder muscle response to electro­physiologic 
stimulation of the pelvic nerve plexus during RALUR [47]. 

Major complications after RALUR include ureteral 
injury with ureteral obstruction or leakage. Ureteral 
obstruction is commonly due to transient perioperative 
edema and of ten improves spontaneously over time. 
Placement of  a ureteral stent can be considered when a 
reimplantation is performed in a solitary kidney. If ureteral 
obstruction persists with signs of progressive obstruction 
or concomitant pyelonephritis, a ureteral stent should be 
placed [30]. Ureteral injury can also be caused by aggressive 
dissection and devascularization of the ureter from excessive 
cauterization or an inadvertent injury to the ureter. 
The lack of haptic feedback during robotic surgery may 
contribute to the incidence of this type of injury. It may be 
noticed immediately during the robotic procedure, but also 
may have a delayed presentation with signs of abdominal 
distention and pain or ileus.

No consensus currently exists on which RALUR sur­
gical technique should be used to maximize surgical 
outcomes, as several techniques have been associated 
with outcomes similar to that of  open reimplantation. 
We previously described our modified ‘top­down’ suturing 
technique of  interrupted sutures without the need for 
ureteral elevation or stent placement that is associated with 
low complication rates and high success rates [26]. Unlike 
previously described ‘bottom to top’ techniques [21,48,49], 

where the detrusor muscle closure starts from the bottom 
to the top, our first detrusor closure stitch for the ‘top­down 
approach’ is placed at the superior aspect in an interrupted 
fashion that creates the new muscle hiatus, and which 
also elevates the ureter without tension or manipulation 
to decrease instrument­related contact with the ureter for 
the subsequent sutures. Gundeti et al. [29] also reported on 
a modified technique based on periodic review and critical 
analysis of video recordings of previous procedures, which 
increased the success rates for resolution of VUR following 
their technique modifications. Some of their suggestions for 
improving surgical outcomes include adequate lengths (4–5 
cm) for the detrusor tunnel, and use of a U stitch. Some of 
the most important principles for operative success are based 
on principles commonly taught for all open reimplantation 
surgery such as a no­touch rule for handling the ureter, low 
cautery settings, and careful use of the robotic instruments 
that do not lead to inadvertent injury to the ureter and 
bladder.

2. Cost
Concerns have been raised as to whether RALUR is a 

cost­effective option when compared to open surgery due to 
its high capital costs and heterogeneous clinical outcomes, 
and several recent studies have attempted to compare the 
costs between RALUR and open ureteral reimplantation 
[32,50,51]. However, while the estimation of  actual costs 
can be difficult, the overall conclusions from these studies 
noted that the direct cost including operating room charges 
may be higher for RALUR, but the shorter hospital length 
of  stay with lower hospitalization charges can result in 
equivalent total charges in comparison with open ureteral 
reimplantation. This is especially applicable in the United 
States where daily charges for each hospital day are in the 
thousands of dollars. Mahida et al. [50] compared the costs 
of 6 most frequently performed robotic surgeries with their 
similar nonrobotic procedures using patients identified in 
the Pediatric Health Information System database. The 
median hospitalization costs of RALUR and open ureteral 
reimplantation were $13,096 (range, $9,057–$17,890) and 
$8,530 (range, $6,901–$11,148) for this group, respectively [49]. 
It should be noted that charges/costs can vary significantly 
between institutions and hence may limit the applicability 
of this comparison. Similarly, Kurtz et al. [51] compared the 
cost and complications between 108 RALUR and 1,494 open 
ureteral reimplantation cases from a nationwide sample. 
The median hospital cost for RALUR was $9,128 versus 
$7,273 for open ureteral reimplantation, however, there was 
a considerable variability from the differential experience 
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among centers expressed as complications, and the higher 
cost of RALUR was associated with a significantly higher 
rate of complications. Thus, we can expect that when the 
complication rate decreases with technical improvements in 
RALUR, the costs will also reduce to the equivalent levels 
for open ureteral reimplantation. In our propensity­matched 
study (publication pending) comparing the hospital charges 
for robotic (n=38) and open (n=97) ureteral reimplantations, 
the higher operating room charges for the RALUR were 
offset by the shorter hospital stays, lower hospitalization 
charges, and avoidance of major complications that led to 
equivalent overall hospital charges for the RALUR and 
open cohorts ($21,437 for RALUR versus $21,461 for open 
reimplantation).

ENTERING INTO A NEW DECADE OF 
RALUR

The trifecta of outcomes for the surgical treatment of 
prostate cancer are cancer control, urinary continence, and 
preservation of erectile function. Robot­assisted laparoscopic 
prostatectomy has become the standard surgical option 
for men with prostate cancer where over 90% of surgical 
patients are undergoing the robotic option, since the 
outcomes trifecta above for radical prostatectomy can be 
achieved at many centers. Similar to radical prostatectomy, 
a proposed trifecta for surgical treatment of  VUR can 
be equivalent success rates, equivalent hospital charges, 
and low complication rates similar to those of  the gold 
standard, open ureteral reimplantation. During the past 
decade, RALUR has become an increasingly utilized option 
for the surgical management of  VUR, yet the reported 
outcomes and complication rates have been varied among 
institutions. As we enter into the second decade of RALUR, 
it is well understood that the favorable outcomes and low 
complication rates for RALUR need to be comparable 
to open ureteral reimplantation for all surgeons and 
centers, and we are well on the way to achieving these 
goals. Educational opportunities such as robotic hands­on 
course and expanded training during residency/fellowship 
training should help to standardize RALUR techniques 
to those that are associated with comparable outcomes 
to open reimplantation. Furthermore, multi­institutional 
collaborations are in progress that are identifying technical 
factors that hopefully will lead to widespread best practices 
for RALUR. In addition, we expect that the further 
evolution of robotic technology will continued to be applied 
to the pediatric field that will facilitate complex procedures 
such as RALUR. However, the impetus to improve pediatric 

medical devices is difficult because of the smaller pediatric 
population and therefore smaller number of  pediatric 
procedures when compared to the adult population [52]. An 
example is how the most recent Da Vinci robotic system 
(Xi) has no 5­mm instruments, while they are available 
for the earlier models. As pediatric specialists, we need to 
continue to encourage as opposed to discourage the use of 
new technology in children, and especially for high volume 
procedures such as RALUR, as only this will lead to the “next 
big thing” in pediatric surgical care.

CONCLUSIONS

From the lessons learned over the past decade, RALUR 
for the treatment of pediatric VUR should be reclassified 
as a complex reconstructive procedure in pediatric urology, 
as this procedure can be associated with signif icant 
complications and especially for surgeons early in their 
learning curve. Current efforts of identifying patient­related 
and intraoperative factors associated with optimal surgical 
outcomes provide an educational opportunity to improve 
the success rates associated with this procedure. Multi­
institutional collaborations are in the progress of identifying 
key surgical steps and technical factors with the goal of 
improving the surgical outcomes of RALUR for all robotic 
pediatric urologic surgeons including surgeons early in their 
learning curve. This should lead to similar outcomes and 
avoidance of complications for RALUR that are already 
associated with open ureteral reimplantation, but with the 
advantages of a minimally invasive procedure.
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