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Introduction: Open surgery is considered the standard of care for pediatric

urological procedures. Nonetheless, Robotic Assisted Laparoscopic Surgeries

(RALS) have become increasingly popular in pediatrics as they allow for quicker

recovery times, lower narcotic use, better cosmesis, and better intraoperative

visibility. However, there are concerns regarding the usefulness of RALS in the

infant population, as operating on smaller patients limits mobility of the robotic

arms and can result in arm collisions.

Objective: The aim of this study was to compare the clinical and postoperative

outcomes of infants undergoing robotic vs open pyeloplasty or

ureteroureterostomy.

Materials and Methods: Retrospective study conducted between 2012 to

2022, 114 infants who underwent pyeloplasty (81 open pyeloplasty and 33

robotic pyeloplasty) and 21 who underwent ureteroureterostomy (9 open

ureteroureterostomy and 12 robotic ureteroureterostomy) were included.

Results:Mean age at surgery in the pyeloplasty cohort was 4.81 ± 3.1 months in

the open group, and 6.24 ± 2.6months in the robotic group (p=0.13), and in the

ureteroureterostomy cohort was 7.67 ± 3.16 months in the open group and

7.58 ± 2.75 months in the robotic group (p=0.95). Operative time was found to

be shorter in robotic pyeloplasty and robotic ureteroureterostomy, when

compared to the open approaches. Postoperative complications, its severity,

and the surgical success were comparable among the pyeloplasty and

ureteroureterostomy groups. Only 1(3%) complication related to the robotic

technique was reported in the pyeloplasty cohort. The length of hospital stay

was found to be similar between the ureteroureterostomy groups, while in the

pyeloplasty cohort the robotic group showed a significant shorter hospital stay

than the open group. Overall, the mean follow-up was greater than 12 months.
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Conclusion: Our results demonstrated that robotic pyeloplasty and

ureteroureterostomy performed in infants are feasible, safe, and durable

procedures, with an additional benefit of reducing duration of operative time

and hospital stay.
KEYWORDS

robotic pyeloplasty, robotic ureteroureterostomy, robotic surgery, infant, open
pyeloplasty, open ureteroureterostomy, pediatric urology
1 Introduction

Open surgery is considered the standard of care for pediatric

urological procedures due to its consistent, well-documented

and durable success rates, affordable costs, and its lack of

restriction on patient’s age or need for special equipment

(1–3). Nonetheless, in the last two decades, Robotic Assisted

Laparoscopic Surgeries (RALS) have become increasingly

popular in pediatrics as they allow for quicker recovery times,

lower narcotic use, better cosmesis, and better intraoperative

visibility (4, 5). For instance, the use of RALS in pediatric

urology has increased 8.1% per year with renal pelvis/ureter

surgery being the most commonly performed (6).

However, the use of robotic surgery in infants is still

controversial due to the potential technical difficulties inherent

in the anatomy and physiology of small children (7).

Furthermore, multiple reports have suggested RALS can

increase overall surgical time (8–11). In infants this would not

only lead to longer general anesthetic use, but a longer exposure

to abdominal insufflation volumes and pressures, which can

increase the risk of cardiovascular collapse (12). Moreover,

longer operative times have been associated with an increased

risk of surgical site infections (13).

In light of these concerns, there is a lack of consensus on

whether RALS would be beneficial in the infant population since

open techniques are known to provide excellent long-lasting

results with low morbidity (1, 14). At our institution, RALS has

recently been performed in select cases for children ≤12 months,

most commonly for pyeloplasty or ureteroureterostomy. We

aimed to report and evaluate our surgical and postoperative

outcomes of these RALS and compare them to open surgery in

patients ≤12 months of age. We hypothesized that robotic

surgery would have comparable results to open surgery

in infants.
02
2 Materials and methods

2.1 Study population and design

After obtaining IRB approval, an institutional database of

patients who underwent pyeloplasty or ureteroureterostomy was

retrospectively reviewed. This database included all patients

evaluated at our tertiary children’s hospital from 2012 to 2022.

Primary inclusion criteria were patients who underwent either open

(control group) or robot-assisted (case group) pyeloplasty (PP) or

ureteroureterostomy (UU), and patients ≤12 months. Patients were

excluded if they were older than 12 months of age, had both PP and

UU performed, or had incomplete medical records.

This study represents an institutional, retrospective, case-

control analysis. Data collected included demographics (gender,

circumcision status, age at surgery), preoperative variables

(Society of Fetal Urology hydronephrosis grade, vesicoureteral

reflux, laterality of hydronephrosis, MAG3 split, presence of

urinary tract infections), operative variables (operative time,

crossing vessels, stent placement), and postoperative variables

(hospitalization stay, complications, length of time of inserted

stent, stent removal location, last postoperative Society of Fetal

Urology grade, surgical improvement indicated, postoperative

follow-up length).

Operative time was obtained from the electronic medical

record as reported by the operating room personnel. Time was

measured in minutes from “Surgery start” to “Surgery finish”

and included the retrograde pyelogram/cystoscopy and stent

placement. Surgical improvement was defined as decrease in ≥1

hydronephrosis grades according to the Society of Fetal Urology

(SFU) classification, and a reduction or absence of ureteral

dilation for those who underwent UU.

Data were managed using password-protected Excel files.

Imaging data were taken directly from the radiologist’s report.
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2.2 Technical surgical considerations

In the open procedures, a retroperitoneal approach was

performed using a flank incision and Pfannenstiel incision in

PP and UU, respectively. The intra-abdominal approach was

used in both the robotic pyeloplasty (rPP) and the robotic

ureteroureterostomy (rUU). Three robotic ports without any

assistant or other ports and the Intuitive Surgery (Sunnyvale,

California) Da Vinci Robotic platform were used in all cases.

From 2012 to 2016 (8 patients undergoing rPP and 1

undergoing rUU) the Si system was used in which 5mm ports

were available. For most cases, since 2016, the Xi system with 8mm

ports were implemented. Trocar access was gained with a

periumbilical robotic port, which was used for the robotic

camera, to start each case. In rPP, two more robotic ports were

placed in the midline superior and inferior to the robotic port with

at least 5cm between them. In rUU, lower quadrant abdominal

ports were placed just lateral to the epigastric vessels. Incisions that

matched the size of the port were routinely used to avoid port

dislodgement, and if the ports were repeatedly coming out, a

tegaderm dressing was applied to create a seal between the skin

and the port.

Mean insufflation pressure was 10 mmHg and recirculation/

filtration systems were not used. In both approaches a monopolar

curved scissor and a micro-bipolar forceps were used for the

dissection, and the micro-bipolar forceps with a needle driver was

used for reconstruction with a poliglecaprone 25 (Monocryl) either a

5-0 or 6-0 in a running fashion for both the renal pelvis and to create

the ureteroureterostomy. The Anderson–Hynes technique was used

in all pyeloplasty cases, and an end to end UU with wide spatulation

was used in all UU cases. If a ureterocele was present, the rUU was

performed using the HIdeES techniques with removal of the distal

upper ureter and the ureterocele was drained with a catheter and left

open. A laparoscopic needle driver was used through one of the

robotic ports to pass suture. If suction was required, either a robotic

or laparoscopic suction irrigator system was used.

The decision to perform RALS or open surgery was at the

discretion of the operating surgeon. Most patients underwent a

cystoscopy with retrograde pyelogram and stent placement

immediately prior to the robotic or open part of the procedure.

Ureteral stents were either left with or without a string and the

timing in which they were removed post-operatively was

determined by the surgeon and not standardized.

2.3 Study objectives

The objectives of this study were to describe and compare

the clinical outcomes of both robotic and open PP and UU

surgical courses in the ≤12 months population.
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2.4 Statistical analysis

Data were analyzed using IBM SPSS 28.0, and a p-value

<0.05 was considered statistically significant. Continuous

variables including age at surgery, MAG3 split, operative

time, hospitalization stay in days, length of ureteral stent

placement in days, and post-operative follow in days were

analyzed using independent t-tests with surgical modality

(open vs robotic) as the grouping variable. All categorical

variables were assessed using either Chi-Squared analysis or

Fischer-exact depending on the assumptions met.
3 Results

3.1 Robotic-assisted vs open pyeloplasty

Between 2012 and 2021, 81 patients underwent open

pyeloplasty (oPP) and 33 who underwent robotic pyeloplasty

(rPP) were included in the study. The indication for pyeloplasty

in all patients was ureteropelvic junction obstruction (UPJO).

Mean age at surgery in oPP was 4.81 ± 3.1 months (range=0-12

months) and in rPP was 6.24 ± 2.6 months (range=1-11 months)

(p=0.13). Mean postoperative follow-up was significantly shorter

in the rPP than in the oPP (13.7 months versus 26.4 months,

p<0.001). Gender, circumcision status, preoperative grade of

hydronephrosis and preoperative MAG3% split renal function

were similar between groups (Table 1).

Before pyeloplasty, incidence of urinary tract infection

(UTI) was 6.1% in the rPP and 4.9% in the oPP (p=1). The

presence of concomitant vesicoureteral reflux (VUR) between

the two groups was similar (p=1). Operative time was

significantly shorter in the rPP (151.1 ± 27.8 minutes) when

compared to the oPP (175.3 ± 53.8) (p=0.018). None of the

robotic-assisted pyeloplasties were converted to open

procedures. Similarly, hospitalization stay was significantly

shorter in the rPP than the in oPP (1.08 ± 0.28 versus 1.80 ±

1.31 days, p<0.001). The time with indwelling ureteral stent

and the place of its removal (office, OR, or accidental) was

similar between groups (p=0.95 and p=0.60, respectively). The

rate of complications during the first 90-days after pyeloplasty

and its severity according to the Clavien-Dindo classification

were not significantly different between the groups (p=0.174

and p=0.455, respectively). There were no post-operative

surgical site infections in either group. Improvement of ≥1

SFU grade of hydronephrosis after surgery was observed in

80% of the patients in the oPP and 82.8% of the patients in

rPP (p=0.75).
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3.2 Robotic-assisted vs open
ureteroureterostomy

Between 2012 and 2022, 9 patients with a primary

diagnosis duplex collecting systems who underwent open

ureteroureterostomy (oUU) and 12 patients with a primary

diagnosis duplex collecting systems who underwent robotic

ureteroureterostomy (rUU) were included in the study.

Concomitant ureterocele was present in 7 (77.8%) of oUU and 2

(16.7%) of rUU (p=0.009). Moreover, 56% of patients in oUU and
Frontiers in Urology 04
8% in the rUU had concomitant VUR (p=0.048). Mean age at

surgery in oUU was 7.67 ± 3.16 months (range=3-12 months) and

in rUU was 7.58 ± 2.75 months (range=5-12 months) (p=0.95).

Although the oUU group had a longer mean follow-up than the

rUU group, the difference was not significant (22 ± 19.37 vs 13.73 ±

13.20 months, respectively, with p=0.295). Gender, MAG3% split

renal function, and the initial SFU grade of hydronephrosis of the

upper pole moiety were similar among groups (Table 2).

Operative time was significantly shorter in the rUU (134.08

± 22.75 minutes) when compared to the oUU (199.8 ± 69.4
TABLE 1 Comparison of demographic, clinical, surgical, and postoperative variables between infants undergoing open vs robotic pyeloplasty.

Variables Open pyeloplasty(N=81)
Mean (STD)Or N (%)

Robotic pyeloplasty(N=33)
Mean (STD)Or N (%)

p-value

Gender

Male 60 (74.1%) 27 (81.8%) 0.378

Circumcised 41 (68.3%) 19 (70.4%) 0.849

MAG3 Split (%)

Right 51.3 ± 15.2 50.4 ± 15.2 0.849

Left 48.7 ± 15.2 49.6 ± 15.2 0.786

Preoperative SFU

Grade 3 6 (7.4%) 4 (12.1%) 0.420

Grade 4 75 (92.6%) 29 (87.9%)

Preoperative UTI 4 (4.9%) 2 (6.1%) 1.00

VUR 11(13.6%) 4 (13.3%) 1.00

Laterality

Left 45 (55.6%) 12 (36.4%) 0.063

Operative time (min) 175.3 ± 53.8 151.8 ± 27.8 0.018

Stent Placement 61 (81.3%) 29 (90.6%) 0.266

Hospitalization stay (days) 1.80 ± 1.31 1.08 ± 0.28 <0.001

Length of ureteral stent (days) 54.45 ± 54.6 53.65 ± 59.5 0.954

Complication <90 days 10 (12.3%) 1 (3.0%) 0.172

Clavien II 4 1 0.330

Clavien III 6 0

Stent Removal

Office 5 (9.3%) 1 (3.7%) 0.598

OR 48 (88.9%) 25 (92.6%)

Accidental 3 (1.9%) 1 (3.7%)

Surgical improvement 64 (80.0%) 24 (82.8%) 0.75

Post operative
follow-up (months)

26.64 ± 26.4 12.06 ± 13.7 <.001

The values that are bold meant they reached statistical significance, which is a values less or equal to 0.05.
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TABLE 2 Comparison of demographic, clinical, surgical, and postoperative variables between infants undergoing open vs robotic ureteroureterostomy.

Variables Open UU(N=9)
Mean (StDev)Or N (%)

Robotic UU(N=12)
Mean (StDev)Or N (%)

p-value

Gender

Male 7 (77.8%) 5 (41.7%) 0.642

Concomitant Ureterocele 7 (77.8%) 2 (16.7%) 0.009

MAG3 Split

R (%) 53.48 ± 8.81 48.90 ± 5.0 0.218

L (%) 46.54 ± 8.82 51.10 ± 5.0 0.220

Preoperative upper pole moiety SFU hydronephrosis grade

Grade 1 1 (11.1%) 1 (8.3%) 0.582

Grade 2 2 (22.2%) 2 (16.7%)

Grade 3 1 (11.1%) 4 (33.3%)

Grade 4 6 (66.6%) 5 (41.6%)

VUR 5 (55.6%) 1 (8.3%) 0.046

UU laterality

Left 2 (22.2%) 6 (50%) 0.154

Right 5 (55.6%) 6 (50%)

Bilateral 2 (22.2%) 0 (0%)

Operative Time (min) 199.8 ± 69.4 134.08 ± 22.75 0.023

Stent Placement 8 (88.8%) 11 (91.7%) 0.050

Hospitalization stay (days) 4.67 ± 8.09 1.00 ± 0.426 0.211

Length of ureteral stent (days) 31.25 ± 11.59 36.36 ± 43.36 0.715

Complications <90 days 5 (55%) 4 (33%) 0.770

Clavien I 1 (11.1%) 1 (8.3%) 0.892

Clavien II 3 (33.3%) 2 (16.7%)

Clavien III 1 (11.1%) 1 (8.3%)

Stent Removal

Office 1(12.5%) 6(54.5%) 0.147

OR 7(87.5%) 5(45.5%)

Last Postoperative SFU Grade Upper Pole Moiety

Grade 0 1 (11.1%) 3 (25%) 0.691

Grade 1 3 (33.3%) 4 (33.3%)

Grade 2 2 (22.2%) 3 (25%)

Grade 3 3 (33.3%) 1 (8.3%)

Grade 4 0 (0%) 1 (8.3%)

Surgical Improvement 7 (77.8%) 11 (91.6%) 0.553

Post Operative Follow Up (months) 22 ± 19.37 13.73 ± 13.20 0.295

The values that are bold meant they reached statistical significance, which is a values less or equal to 0.05.
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minutes) (p=0.023). Hospitalization stay in the oUU (4.67 ± 8.09

days) and in the rUU (1.00 ± 0.426) was similar (p=0.211). There

was no significant difference among length with indwelling stent

and place of its removal (office or operative room) between

groups (p=0.715 and p=0.147). The rate of complications during

the first 90-days after UU and its severity according to the

Clavien-Dindo classification were similar between groups

(p=0.770 and p=0.892, respectively). There were no post-

operative surgical site infections in either group. Only 1

complication unique to the robotic approach was reported in

the rUU, an incisional port-site hernia. Improvement of ≥1 SFU

grade of hydronephrosis after surgery was observed in 91.6% of

the patients in the rUU and 77.8% of the patients in

oUU (p=0.553).
4 Discussion

During the last decade, pediatric robotic urologic surgery has

gained wide-spread adoption (15). Its instrument articulation

with full range of motion, three-dimensional imaging, 10-fold

camera magnification, tremor filtering, and limiting of surgeon

fatigue, have made it the preferred surgical approach in the

repair of many common pediatric urological conditions (9, 16).

For instance, from 2005 to 2013, in the pediatric population the

annual number of open pyeloplasty decreased by 10% while

robotic pyeloplasty increased by 29% (17). Nonetheless, the use

of robotic technology in infants remains controversial due to

technical limitations such as small working space, large trocars,

potential robotic malfunction, increased operative times, and

high costs (4).

Our study found that in infants robotic pyeloplasty and

ureteroureterostomy are feasible and safe procedures with

success and postoperative complication rates similar to those

seen in an open approach, and with potential additional benefits

such as decreased operative time and hospital length of stay. In

our series, the robotic pyeloplasty and UU groups presented

significantly shorter operative times than the open pyeloplasty

and UU groups, demonstrating that urologic robotic surgeries

can be performed even quicker than open surgeries. Bansal et al.

also reported significantly shorter operative times in robotic

pyeloplasty when compared to open pyeloplasty (4). A quicker

learning curve, in contrast to standard laparoscopy, and less

dissection and suturing in an infant relative to older children,

have been proposed as some of the explanations of why robotic

surgeries have shown a decreased operative time in infants

(4, 18).

We also found that there was not any significant difference

in the number of complications and its severity (according to the

Clavien-Dindo classification) during the first 90 postoperative

days between the robotic and open approaches in the pyeloplasty
Frontiers in Urology 06
and UU cohorts. Although the majority of studies reported

similar results (10, 19, 20), some authors report that robotic

pyeloplasty in infants has a higher number of complications than

open pyeloplasty (4). In the case of UU in patients ≤12 months,

there is a paucity of reported data reporting complication rates.

Villanueva et al. reported 2 complications unrelated to the

surgical technique in infants after undergoing robotic

pyeloplasty; however, the study did not clearly state the

number of complications that was observed in the open cohort

(21). In older children undergoing UU, similar frequency of

complication rates was observed between the robotic and open

cohorts, with febrile urinary tract infection being the most

common one in both groups (22).

Surprisingly, in our study the length of hospital stay was

shorter in the robotic pyeloplasty group than in the open group.

Lee et al. also found that robotic pyeloplasty patients presented a

slightly shorter length of stay (1.6 days) than open pyeloplasty

patients (2.1 days) (p=0.04) (22). One potential benefit about this

result is decreasing health costs, as hospital length of stay has

been reported as one of the most important determinants of

health expenses (23). On the other hand, Kawal et al. and Dangle

et al. have reported no significant difference in the length of

hospital stay between infants undergoing either robotic or open

pyeloplasty (10, 24). From the studies conducted in the pediatric

population, rUU have shown comparable length of hospital stay

to oUU, similar to what we report in our study (25).

Moreover, we found that the surgical success rate between

open and robotic approaches in the pyeloplasty and UU cohorts

was comparable. Similarly, a multi-institutional study of robotic

pyeloplasty in infants reported a success rate of 91%, which has

been described to be similar to pure laparoscopic and open

approaches (26). Furthermore, in a study analyzing 79 rPP and

22 rUU a radiographic improvement was observed in 92% of

infants (27). Even, studies analyzing age as a determinant of

success in pediatric robotic surgeries, have found similar success

rates independent of the age group (24).

This study is not without limitations. First, it was

retrospective in nature and patients were not randomized or

matched between the two study groups. Moreover, the number

in the UU cohort was small and differed between the sub-groups.

Given this small sample size, the study may have been

underpowered to detect small differences in outcomes between

the groups. In addition, we did not access for pain medication

use after pyeloplasty or surgical costs, factors that could have

potentially differed between the analyzed surgical approaches.

Despite the limitations of this investigation, we believed that the

paucity of extant data comparing robotic to open pyeloplasty

and UU in infants makes the presented results useful for

extending the application of robotic technology to infants, and

in family counseling of expectations and future outcomes in

postoperative period.
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Conclusion

In this retrospective review comparing the clinical outcomes in

infants undergoing robotic pyeloplasty and UU to the standard of

care open approach, we found that robotic surgery is feasible and a

safe procedure in children ≤12 months. Postoperative

complications and surgical success are comparable in open and

robotic approaches, and in the case of robotic pyeloplasty a

decreased in length of hospital stay after surgery can be observed.

Further studies and a larger cohort should be considered in the UU

group to obtain more generalizable results as well as the cost-

effectiveness of performing robotic surgery in infants.
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