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Background: Ureteropelvic junction obstruction (UPJO) is a commonly observed abnormality in pediatric urology. Minimally invasive approaches have gained popularity in recent years. Studies have demonstrated excellent results with both laparoscopic pyeloplasty (LAP) and robot-assisted pyeloplasty (RAP). Few studies have compared the experience of both procedures performed in a single institution. Our objective is to compare laparoscopic pyeloplasty and robot-assisted pyeloplasty in the Puerto Rican pediatric population.



Methods: We conducted a retrospective cohort study using our clinic's database on patients with UPJO that were operated by the same surgeon (MPB) from 2008 to 2019. Statistical analysis was conducted of demographics, preoperative studies, perioperative data and complications of both procedures. This study was approved by our local IRB committee.



Results: A total of 86 patients that underwent pyeloplasty with at least 3 years of follow up were recorded for this study. Laparoscopic pyeloplasty and robot-assisted pyeloplasty were performed in 44 (51.1%) and 42 (48.8%) patients, respectively. Patient age ranged between 4 months and 17 years (LAP group - mean age of 6.19 years/RAP group - mean age of 7.07 years). Success rates was high in this series (LAP - 100% and RAP −95%). Using Wilcoxon signed rank test and Mann whitney sum test, significant differences between preoperative and postoperative hydronephrosis grading were observed in both LAP and RAP groups. However, no significant difference was seen regarding reduction of hydronephrosis grading when comparing both groups. No intraoperative complications were seen on either group.



Conclusion: Both LAP and RAP are safe and effective procedures that can properly manage UPJO. Our study shows that, under experienced hands, pure laparoscopic pyeloplasty achieves comparable results to robotic assisted laparoscopic pyeloplasty. Pediatric urologists should be comfortable offering either of these approaches as they demonstrate high success rates in our pediatric population. Selection of LAP vs. RAP approach depends on the Surgeon's preference or experience, and on institutional availability. Minimally invasive therapies will continue to gain popularity with future advances in laparoscopic and robotic technology.
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Introduction

Ureteropelvic junction obstruction (UPJO) is commonly observed in the field of pediatric urology. Traditionally, the gold standard of surgical treatment for this disease was the open dismembered pyeloplasty which exhibited a success rate between 90% and 100%. The laparoscopic approach was adopted, yet it was accompanied with drawbacks including restrictive maneuvers and steep learning curve (1). Over the past decades, robotic surgery in pediatric urology has gained popularity (2). Since its implementation in 2002, annual increase rate of about 30% has been observed. More than 80% of minimally invasive pyeloplasty procedures, and 40% of pyeloplasty performed in children have been performed under this approach. Previous studies exist comparing Robot assisted pyeloplasty (RAP) with Laparoscopic pyeloplasty (LAP) when the two procedures were performed by different surgeons within the same institution. However, there are few studies that report single surgeons' experience with both LAP and RAP and compared their performance in the two procedures in a single institution (3). We aim to compare these techniques in the Puerto Rican pediatric population in our institution.



Methods

We conducted a retrospective cohort study using our clinic's database on patients with UPJO that were operated by the same surgeon (MPB) from 2008 to 2019. Patients were deemed operable based on the following indications: Differential renal function under 40%, worsening hydronephrosis and/or flank pain. All patients had a renal scan and US performed preoperatively. Degree of hydronephrosis was assigned according to the Society of fetal urology hydronephrosis grading score ranging from grade 0 (no dilatation) to grade 4 (significant dilatation of renal pelvis and calyces, renal atrophy or cortical thinning). Our technique for both laparoscopic and robotic dismembered pyeloplasty are similar in nature. The only significant difference is the port size in which we use three 5 mm trocars in laparoscopy vs. three 8 mm trocars in Robotic surgery. Instruments used during the procedure include: 2 dissecting forceps, scissors, 2 needle drivers, and a suction device. The approach to the UPJ area can be transmesenteric for left sided UPJO or with medial mobilization of the colon for Right sided UPJO and with selected complicated left sided UPJO. Caution is needed during the initial dissection of the UPJ area to avoid injury to a lower pole crossing vessel. Tethered stitches using 3–0 prolene on a CT needle can be placed to the renal pelvis and proximal ureter to help with exposure and ease of the operation. All patients had an antegrade stent placed during the pyeloplasty (Both laparoscopic and robotic). All patients were followed with Renal Bladder Ultrasound (RBUS) 2 weeks postop and repeated every 4 months until resolution of hydronephrosis. Persistent or worsening hydronephrosis underwent postoperative studies. Success was defined as improvement of hydronephrosis, resolution of symptoms and no need for further surgical intervention. With this data, we analyzed demographics, preoperative studies, perioperative data and complications of both procedures. This study was approved by our local IRB committee.



Results

A total of 86 patients that underwent pyeloplasty were recorded for this study. Patient age ranged between 4 months and 17 years (LAP group - mean age of 6.19 years/RAP group - mean age of 7.07 years). Laparoscopic pyeloplasty and robot-assisted pyeloplasty were performed in 44 (51.1%) and 42 (48.8%) patients, respectively. Laterality of the affected kidney was predominately on the left side in both groups (LAP group- left (26 patients), Right (18 patients); RAP group – Left (27 patients), Right (15 patients) (Table 1). Preoperative hydronephrosis was graded in both groups. Table 2 displays the following data: the LAP group has 24 patients with grade 4 hydronephrosis, 4 patients with grade 3 hydronephrosis and 2 patients with an unspecified grading. The RAP group had 30 patients with grade 4 hydronephrosis, 1 patient with grade 3 hydronephrosis and 4 patients with unspecified grading. Subsequently, postoperative hydronephrosis grading was also graded. The LAP group had 23 patients with grade 0 hydronephrosis, 5 patients with grade 2 hydronephrosis, and one patient with grade 3 hydronephrosis. The RAP group had 19 patients with grade 0 hydronephrosis, 13 patients with grade 2 hydronephrosis and 1 patient with grade 4 hydronephrosis. One patient in the RAP group with worsening hydronephrosis required a redo pyeloplasty which was accomplished via laparoscopy. The change in the selected procedure was due to patient's preference. The patient with residual SFU III hydronephrosis had a MAG 3 scan with Lasix performed which showed preservation of renal function and no evidence of obstruction. The operative length was an average of 100 min in laparoscopic pyeloplasty and 120 min in robot-assisted laparoscopic pyeloplasty. The average hospital stay for both procedures was 1 day. Success rates were high in this series (LAP - 100% and RAP −98%). Significant differences between preoperative and postoperative hydronephrosis grading were observed in both LAP and RAP groups. However, no significant difference was seen regarding reduction of hydronephrosis grading when comparing both groups. No complications were observed in either group. Although the exact learning curve for robotic pyeloplasty is unknown. We assume that the first 10 robotic cases were performed under our learning curve. The only patient with worsening hydronephrosis had a severe reaction around the UPJ area causing extrinsic compression; however, this was later corrected surgically. No significant differences were observed in preoperative hydronephrosis grading, laterality, operative time, hospital stay, or success rate (Table 3).


TABLE 1 Patient characteristics.
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TABLE 2 Hydronephrosis grading.
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TABLE 3 Analysis.
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A two-tailed Wilcoxon signed rank test was conducted to examine whether there was a significant difference between Preop hydro and Post hydro for laparoscopic pyeloplasty (LAP). The results of the two-tailed Wilcoxon signed rank test were significant based on an alpha value of.05, V = 406.00, z = −4.76, p < 0.001. The median of Preop hydro (Mdn = 4.00) was significantly larger than the median of Post hydro (Mdn = 0.00). The same test was conducted to examine whether there was a significant difference between Preop hydro and Post hydro for robotic assisted pyeloplasty (RAP). The results of the two-tailed Wilcoxon signed rank test were significant based on an alpha value of 0.05, V = 528.00, z = −5.05, p < 0.001. The median of Preop hydro (Mdn = 4.00) was significantly larger than the median of Post hydro (Mdn = 0.00). According to these results, the differences in pre and post-operative hydronephrosis grading were not due to random variation in either group (Tables 4–6). A two-tailed Mann-Whitney two-sample rank-sum test was conducted to examine whether there were significant differences in Reduction of Hydronephrosis (Pre to Post) between the types of Pyeloplasty. There were 28 observations in group LAP and 33 observations in group RAP which could be analyzed with this test. The result of the two-tailed Mann-Whitney U test was not significant based on an alpha value of.05, U = 557, z = −1.52, p = 0.130. The mean rank for group LAP was 34.39 and the mean rank for group RAP was 28.12 which suggests that the distribution of Reduction of hydronephrosis for group LAP (Mdn = 4.00) was not significantly different from the distribution of Reduction of hydronephrosis for the RAP (Mdn = 3.00) category. Table 7 presents the result of the two-tailed Mann-Whitney U test.


TABLE 4 Summary statistics table for interval and ratio variables by time_hydro_LAP.
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TABLE 5 Summary statistics table for interval and ratio variables by time_hydro_RAP.

[image: Table 5]


TABLE 6 Median hydronephrosis grade.
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TABLE 7 Two-Tailed mann-whitney test for reduction of hydronephrosis by pyeloplasty.
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Discussion

Robotic assisted laparoscopic surgery (RALS) is an extension of pure laparoscopic surgery much in the same way that laparoscopic surgery is an extension of open surgery. Dissection techniques and surgical fundamentals are essentially the same, irrespective of the platform elected by the surgeon. Each approach has its particular learning curve which is significantly steeper curve for the pure laparoscopic approach. Chammas Jr, M. F. et al. reports that the learning curve for laparoscopic pyeloplasty is steep, with some authors suggesting that a minimum of 50 surgical procedures with a high degree of complexity, performed for 1 year, with at least 1 procedure per week, is necessary to master the skills for this procedure (5). In regard to robot- assisted laparoscopic pyeloplasty, Kassite, I. et al. reports more than 41 cases are needed to achieve mastery while sorensen, M.D. et al. observed that after 15 to 20 cases, the procedure had similar outcomes and surgical success than that of open pyeloplasty (6, 7). Many would argue one of the fundamental challenges when it comes to pure laparoscopic surgery is intra-corporeal laparoscopic suturing and complex dissection both facilitated by the robotic approach. Traditional laparoscopic instruments lack dexterity and the ability to articulate. In cases where extensive re-construction is required, such as for pyeloplasty, the surgeon must necessarily be abundantly comfortable with pure laparoscopic intra-corporeal suturing. Upon its introduction into the market what made RALS so attractive for surgeons was that it made intra-corporeal suturing more facile and shortened the learning curve for laparoscopic surgery. Studies have demonstrated that laparoscopic novices perform significantly better on the robotic platform rather than on standard laparoscopic techniques (8, 9, 10). This is true for all metrics including total task time, instrument path length, and smoothness of motion. Nonetheless, the clinical principle which dictates that surgical approach should be tailored to surgeon preference still holds true. We acknowledge that robotic platform should reduce the learning care for most surgeons. In our experience, we found that significant experience with laparoscopic surgery reduces the robotic learning case to 1 to 2 cases.

Compared to the open approach a laparoscopic approach to pyeloplasty, whether robot assisted or not, has been linked to reduced pain scores, improved cosmetic results, shorter hospitalization, and rapid convalescence (4). Few studies have compared their experience with both laparoscopic pyeloplasty vs. robotic pyeloplasty by a single surgeon. Tam et al. evaluated 37 patients undergoing LAP and 26 patients undergoing RAP. Their overall success rate was 91.9% and 96.2% with LP and RAP respectively (p > 0.5). No differences were seen in operative times nor complications rates between the groups. They noted that RALS was technically easier and that it may facilitate training in minimally invasive pyeloplasty (3). Esposito et al. showed no differences in success rates in 30 LAP and 37 RAP. They reported RAP to be technically easier (11). Wong et al. evaluated their experience with LAP vs. RAP in patients less than 12 month of age. The operated on 22 patients with LAP approach and 24 with RAP. They reported success rate was 91% with LAP and 96% with RAP. Again no difference were identified between LAP and RAP but the authors refers a faster recovery and a shorter learning curve with RAP (12). Similarly, in our study we found that robotic assisted pyeloplasty (RAP) and laparoscopic pyeloplasty (LAP) are comparable in operative time, length of stay, success rate, and post-operative hydronephrosis grading. Only one patient in the entire cohort required re-operation due to worsening hydronephrosis after RAP. This might be explained by the fact that this operation took place early in the robotic learning curve. This patient underwent re-do LAP with excellent results. No intra-operative complications were seen on either group.

Robotic assisted surgery for UPJO has been shown to be 2.7 times costlier when compared to other surgical approaches (13). Varda and colleagues evaluated the national trends of UPJO treatment modalities in children including analysis of the available data on cost. Of note, when comparing laparoscopic vs. robotic approaches there was an average increase in costs of over $3,000 (14). Operating room costs were by far the greatest contributor to costs, with robotic supplies being the largest contributor to the rising cost. High volumes of RALS may be required for institutions to profit from the procedures as total investment cost is divided between an increased number of procedures performed. An estimated three to five robotic cases per week are necessary to profit from robotic surgery, which is a clear limitation for pediatric centers no matter their size (15). Andolffi et al. performed a systematic database search which included 19 original articles and 5 meta-analyses. They found that robotic approach showed benefits in decrease operative times, complications rates but found conflicting results regarding platform and equipment cost. They concluded that there is a need for further cost -effectiveness analyses (16). Although not every institution's reality, cost and access of medical equipment must be considered, especially in a setting like ours where robotic surgery is not available in every hospital and not necessarily covered by all medical insurance companies. In Puerto Rico, our biggest hurdle to widely offered robotic procedures are issues with insurance coverage for robotic procedures. The government medical insurance and most private medical insurance companies do not cover robotic procedures and those that cover require a significant out of pocket deductible. Only changes in the current healthcare model will allow for robotic procedures to be performed more commonly in our country.

Limitations to our study include the retrospective nature of our data collection. MAG – 3 renal scans were not performed in all patients in the postoperative periods. The study was only performed in patients with worsening hydronephrosis and/or symptomatic patients. Our experience comes from a surgeon with extensive experience with LAP prior to starting the robotic program that could explain the comparable operative times and success rates. This study is different from other articles in that we describe a series of a single surgeon using the same technique for both laparoscopic and robotic pyeloplasty that allows the comparing of both groups without variations that are operator dependent. This allow us to conclude that both techniques have comparable success rates and should be in the armamentarium in the treatment of UPJ obstruction.



Conclusion

Both LAP and RAP are safe and effective procedures that can properly manage UPJO. Our study shows that, under experienced hands, pure laparoscopic pyeloplasty achieves comparable results to robotic assisted laparoscopic pyeloplasty. Pediatric urologists should be comfortable offering either of these approaches as they demonstrate high success rates in our pediatric population. Selection of LAP vs. RAP approach depends on the Surgeon's preference or experience, and on institutional availability. Minimally invasive therapies will continue to gain popularity with future advances in laparoscopic and robotic technology.
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