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Background: To analyze the perioperative parameters and outcomes of robotic-assisted laparoscopic 
pyeloplasty (RALP) for recurrent ureteropelvic junction obstruction (UPJO) and compare them with our 
series of RALP for primary UPJO. Secondary pyeloplasty can be a challenging procedure because of ureteral 
devascularization, fibrosis and dense stricture formation. Robotic approach could be adjunct to these repairs.
Methods: Between August 2015 to March 2019, 96 patients in our hospital underwent RALP, with 32 
patients as secondary intervention for recurrent UPJO. We compared the perioperative parameters of RALP 
for both primary UPJO and recurrent UPJO. Patient demographics, perioperative parameters, postoperative 
outcomes and complications from both groups were analyzed and compared.
Results: RALP was successfully performed for all cases in both groups. The median operating time was 
longer for secondary RALP than for primary RALP [125 (108.5–155) vs. 151 (120–190) minutes, P=0.004]. 
There were no conversions to open surgery or significant perioperative complications. No difference in 
blood loss, transfusion rate and perioperative complication rates was noted between the two groups. The 
success rates were 98.44% (63/64) and 96.88% (31/32) at a median follow up of 32 and 20 months (P=0.001) 
for the primary and secondary groups, respectively.
Conclusions: Secondary RALP is associated with significantly longer operative time as compared to 
primary RALP, especially during the exposure of the UPJO, however it is a safe surgical modality for 
recurrent UPJO with durable outcome. RALP should be an alternative treatment modality for recurrent 
UPJO whenever the facility and expert are available.
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Introduction

Ureteropelvic junction obstruction (UPJO) is one of the 
commonest cause of hydronephrosis resulted from both 
congenital and acquired etiology. Pyeloplasty, which 
was first described by Kuster and thereafter popularized 
by Anderson and Hynes, remains as the gold standard 
management of UPJO (1). The success rate of pyeloplasty 
was reported greater than 94% across open, laparoscopic 
and robotic-assisted approaches recently (2-5). However, 
treatment is not standardized for failed cases that require 
additional interventions. Secondary repair of UPJO is a 
very challenging reconstructive procedure due fibrosis 
surrounding the targeted structure. Literatures describing 
salvage treatments for recurrent UPJO are limited (6-8).

The clinical feasibility of robotic-assisted laparoscopic 
pyeloplasty (RALP) has been widely recognized. With its 
three-dimension magnified camera and multidirection 
angulation EndoWrist system, robotic surgery system 
provides great advantage in reconstructive surgery and 
salvage intervention (9).

As a challenging reconstructive endeavor, Hemal  
et al. suggested that robotic assistance could minimize the 
difficulties encountered by laparoscopic approach in managing 
recurrent cases (10). Literatures that reported the application 
of robotic surgical system in salvaging recurrent UPJO with 
their long-term results are very limited. Here, we present our 
experience with RALP in patients who had failed prior surgical 

management of UPJO and report our mid-term outcomes.

Methods

Study design

This is a retrospective study. From August 2015 until 
March 2019, 96 patients in our hospital underwent robotic 
dismembered RALP using the da Vinci Surgical System. Among 
these patients, RALP was carried out in 32 patients as secondary 
intervention for recurrent UPJO. The baseline demographic 
parameters of these patients were recorded as Table 1.

Indications for RALP included flank pain, recurrent 
febrile infection, stone, and progression of hydronephrosis. 
Intravenous urography (IVU) or retrograde pyelography, 
CT or MRI scan, radioisotope renography were carried 
out preoperatively to assess the anatomy of ureteropelvic 
junction and surrounding structures, degree of obstruction 
and split renal function.

Surgical technique

All surgeries were performed by two experienced surgeons 
(Xu Zhang and Xin Ma) using Intuitive Surgical da 
Vinci Si system. Preoperative double-J ureteral stent was 
inserted in 13 patients (5 in primary RALP cohort and 8 
in secondary RALP cohort) and nephrostomy tube was 
placed in 6 patients (4 in primary RALP cohort and 2 

Table 1 Patient demographics

Characteristics Primary RALP (n=64) Secondary RALP (n=32) P value

Age (y), median [IQR] 26 [20–33] 24 [19.75–30.25] 0.552

Sex (n) 0.209

Male 42 25

Female 22 7

BMI, mean (SD) 23.02±3.57 25.41±3.89 0.003

Laterality (n) 0.753

Left 44 23

Right 20 9

Preoperative symptoms 35/64 14/32 0.312

Baseline serum creatinine, mg/dL, median (IQR) 81.15 (67.2–91) 77.95 (63.5–86.52) 0.367

Time between initial and redo procedures, 
months, median (IQR)

N 66 (17.5–156) N

RALP, robot-assisted laparoscopic pyeloplasty; BMI, body mass index; SD, standard deviation; IQR, interquartile range.
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in secondary RALP cohort) due to severe flank pain or 
infected hydronephrosis. All operations were performed 
transperitoneally with standard 3-arm technique and one 
assistant port. Modified dismembered Anderson-Hynes 
pyeloplasty technique was performed for all cases. For 
secondary RALP, the standard dissection plane was difficult 
to be identified due to fibrosis (Figure 1); we started the 
dissection from healthy ureter segment with minimal 
adhesion and mobilized proximally until renal pelvis. 
Stricture was completely resected with minimal injury 
to ureter mucosa; subsequently modified dismembered 
pyeloplasty was performed. To assure a tension-free 
anastomosis, the kidney might be mobilized as indicated. 
The double-J stent was inserted antegradely (Video 1). 
Anterior crossing vessels were preserved and transposed 
posteriorly whenever encountered. An abdominal drainage 
was placed conventionally and removed 2–3 days after 
surgery when the possibility of urine leakage was eliminated. 
Ureteral stent was removed 1 month postoperatively.

Measurements and outcomes

Perioperative data including median operative time, 

estimated blood loss, postoperative hospital stay, interval 
from the previous operation and perioperative complications 
were assessed. Complications were categorized according 
to the Clavien-Dindo classification system. Patient was 
follow-up every 3 months during the first year and every  
6 months during the second year. The follow-up assessments 
included physical examination, full blood count and renal 
profile. Abdominal ultrasonography, CT or MRI scan 
and renal scans were performed at 3, 6 months and then 
annually. Successful operation was defined as combination 
of symptomatic relief, radiographic evidence of ureteral 
patency, first postoperative radioisotope renography showed 
split function improvement with a half-time less than  
20 minutes after the diuretic or pelvic dilatation improvement 
during excretory phase, and stable or improved renal function 
without any additional procedure postoperatively, for at least  
6 months of follow-up.

Statistical analyses

All mentioned parameters were maintained in database. 
Parameters for primary and secondary repairs were 
compared and analyzed. Perioperative and postoperative 

A C E

B D F

Figure 1 UPJ stenosis and fibrosis. (A,B) Retrograde pyelogram showed stenosis at the uretero-pelvis junction; (C,D) axial CT scan images 
showed UPJ stenosis with surrounding scar and adhesion; (E,F) intraoperative images showed dense scar and adhesion around the area of 
UPJ stenosis. UPJ, ureteropelvic junction.
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outcomes were reported. For continuous variables 
with normal distribution, data were presented as mean 
with standard deviation (SD); for variables with non-
normal distribution, data were presented as median with 
interquartile range (IQR). All statistical analyses were 
performed using SPSS statistical software package (SPSS 
Inc., Chicago, IL, USA).

The study was approved by the ethics committee of the 
Chinese PLA General Hospital (S201311501). All patients 
signed written consent to allow the usage of their data. 
All operations were performed by surgeons with advanced 
robotic-assisted laparoscopic skills.

Results

Comparison of patients underwent primary RALP and 
secondary RALP was listed in Table 1. There was no 
significance different in age, gender and laterality. The 
mean interval duration from previous failed pyeloplasty was 
66 (17.5–156, IQR) months. Thirteen in secondary RALP 
group patients presented with flank pain, among these 
patients, 2 associated with fever, 1 with nausea, 1 with stone 
and 1 with hydronephrosis. 1 patient presented with fever 
due to urinary tract infection. Asymptomatic progressing 
of hydronephrosis and asymptomatic renal calculus were 
observed in 15 and 3 patients respectively. Initial procedures 
were performed for patients in secondary RALP group 
included pyelolithotomy, open, laparoscopic and robotic 
pyeloplasty (Table 2). As compared to secondary RALP, 
primary RALP group had a longer follow-up duration [32 
(22–36) vs. 20 (13–24) months, P=0.001] (Table 3).

RALP was successfully performed for all cases in both 
groups; neither of them converted to open surgery nor 
required blood transfusion. As compared to primary RALP, 
secondary RALP was associated with longer operative time 
[125 (108.75–155) vs. 151 (120–190) minutes, P=0.004] 
and shorter postoperative hospital stay [5 (4–6.255) vs.  
4 (3–5) days, P=0.008]. Difference in estimated blood loss 
was not significant (Table 3).

There was no intraoperative complication in primary 
RALP group; whereas, one intraoperative complications 
complication was observed in secondary RALP group. Renal 
vein was injured in one patient due to dense fibrosis and 
was repaired intracorporeally. Postoperative complications 
were observed in both groups. In primary RALP cohort, 
two patients presented with urinary leakage, and resolved 
spontaneously after a prolonged duration of the drainage. 
Frank hematuria was identified in two patients, and 

subsequently resolved with conservative management. One 
patient presented with fever and required anti-inflammatory 
treatment. One patient was complicated with wound 
infection, and treated with antibiotic. In secondary RALP 
cohort, one patient was complicated with urinary leakage 
and resolved with prolonged drainage. Frank hematuria was 
identified in another patient and resolved with conservative 
management. The incidence of complications between 
primary RALP (6 of 64) and secondary RALP (2 of 32) 
(P=0.896) was not statistically significant. There was one 
patient from each cohort showed failure of treatment 
as evidence by non-improvement of hydronephrosis in 
primary RALP cohort; and worsening of hydronephrosis 
in secondary RALP cohort. Success rates were 98.44% and 
96.88% for the primary and secondary groups, respectively 
(P=1.000) (Table 3).

Discussion

As described in most literature, salvage treatments for 
recurrent UPJO patients were open pyeloplasty, endoscopic 
pyelotomy or balloon dilatation (11-13). However, open 
approach is traumatizing, and lead to slower recovery. Open 
surgery induces tissue adhesion and fibrosis that might 
contribute to subsequent recurrent of UPJO. The success 
rate of endoscopic pyelotomy and balloon dilatation is low 
as compared to salvage anastomosis operation (13,14). In 
recent years, minimal invasive surgery, especially robotic 
surgery progresses rapidly, which provides an alternative 
option for recurrent UPJO patients who had failed prior 
surgical management.

Several studies had confirmed the feasibility of secondary 
laparoscopic pyeloplasty (LP) for recurrent UPJO (15). The 
success rate of redo LP was 77.8–100% (16-18). However, 
secondary LP for recurrent UPJO was very challenging, 
and skill demanding. Presence of significant periureteral 
fibrosis demands extra time for delineation of the UPJ 
anatomy, dissection of scarred tissue, fashioning ureteral 
and pelvic flaps clearly, kidney mobilization in some cases 
and finally, performing watertight anastomosis with fine 
sutures. All mentioned operative steps increase difficulty 
of the operation, significantly prolong operative time and 
associate with higher complication rates in comparison 
with primary UPJO (19). Thus, secondary LP in recurrent 
UPJO has been limited to be performed in a high volume of 
centers due to its difficulty.

Over the past decades, robotic-assisted surgeries have 
been expanded, and applied its usage in complicated 
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Table 2 Patient characteristics at operation and reoperation

Patient no. Age Gender BMI Laterality Initial procedure
Time between initial and 

redo procedures (months)
Indications for redo operation

1 19 Male 28.3 Left Robotic pyeloplasty 16 Progressing hydronephrosis

2 14 Female 26.3 Right Lap pyeloplasty 36 Flank pain/fever

3 14 Female 26.3 Right Lap pyeloplasty 36 Progressing hydronephrosis

4 28 Female 23 Left Lap pyeloplasty 60 Infection/fever

5 54 Female 28.3 Left Open pyeloplasty 240 Flank pain

6 35 Male 29.4 Right Open pyeloplasty 96 Progressing hydronephrosis

7 22 Male 26.7 Left Open pyeloplasty 216 Progressing hydronephrosis

8* 23 Male 31.8 Right Open pyeloplasty/open 
pyeloplasty

235/283 Progressing hydronephrosis

9 27 Male 27 Left Lap pyeloplasty 84 Flank pain

10 21 Male 21.5 Left Lap pyeloplasty 14 Flank pain

11 21 Male 20.1 Right Lap pyeloplasty 24 Flank pain/nausea

12 60 Male 24.5 Right Lap pyeloplasty 5 Progressing hydronephrosis

13* 25 Female 24.4 Right Lap pyeloplasty/
pyelolithotomy

192/12 Flank pain

14 39 Male 26.2 Right Pyelolithotomy 30 Stone

15 12 Male 24.6 Left Open pyeloplasty 16 Progressing hydronephrosis

16 20 Male 22.9 Left Open pyeloplasty 72 Flank pain

17 21 Male 20.1 Left Open pyeloplasty 120 Flank pain/stone

18 50 Male 26.6 Left Pyelolithotomy 144 Stone

19 31 Male 23.9 Left Open pyeloplasty 72 Progressing hydronephrosis

20 30 Male 21 Left Lap pyeloplasty 12 Flank pain

21 16 Female 20.2 Left Lap pyeloplasty 8 Flank pain/fever

22 24 Male 26.4 Left Open pyeloplasty 252 Stone

23 24 Male 29.72 Left Lap pyeloplasty 38 Progressing hydronephrosis

24 63 Male 27.4 Left Open pyeloplasty 250 Flank pain

25 16 Male 19.5 Right Open pyeloplasty 96 Progressing hydronephrosis

26 38 Male 21.2 Left Lap pyeloplasty 18 Progressing hydronephrosis

27 19 Female 20.6 Left Lap pyeloplasty 10 Progressing hydronephrosis

28* 27 Male 27.5 Left Lap pyeloplasty/lap 
pyeloplasty

108/84 Flank pain

29 17 Male 35.5 Left Open pyeloplasty 192 Progressing hydronephrosis

30 22 Male 25.8 Left Robotic pyeloplasty 60 Progressing hydronephrosis

31 29 Male 32.1 Left Open pyeloplasty 240 Flank pain/hydronephrosis

32 25 Male 24.2 Left Open pyeloplasty 288 Progressing hydronephrosis

*, Patients with third-time redo pyeloplasty. BMI, body mass index.
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surgeries. The advantages of da Vinci robot surgery, 
which are its three-dimension magnified vision and multi-
angle angulation EndoWrist system have been widely 
recognized. Third robotic arm that is very useful in tissue 
retraction is crucial in such kind of complex urinary tract 
reconstruction surgery (20,21). Robotic approach provide 
the benefits of meticulous dissection, better delineation of 
the previous scarred tissue, preservation of the periureteral 
sheath containing blood supply to the ureter, clean and fine 
fashioning of ureteral and pelvic flaps and executing water 
tight anastomosis with fine sutures. Several publication 
had confirmed the safety and feasibility of RALP (22-24). 
Gettman et al., in 2002, reported the first case series of 
robotic pyeloplasty (9). Atug et al. then reported on seven 
adult patients with secondary RALP and compared their 
results with 37 primary UPJO patients (25). The mean 
operative time was longer in the redo pyeloplasty group, 
but the LOS, blood loss and success rates were similar 
with the primary pyeloplasty group. Hemal et al. reported 
nine patients underwent secondary RALP after failed 
open pyeloplasty with ideal improvement (10). Niver et al. 
showed safe and durable results in 20 cases of redo robot-
assisted pyeloplasty in adults (26). The safety and effective 
of robot-assisted laparoscopic reoperative repair of UPJO 
have also been published in children by Lindgren et al. with 

88% radiographically improvement (27).
In our study, the mean operative time was longer in the 

secondary RALP group. Extra time was required in redo 
RALP to dissect scarred and fibrotic tissue for identifying 
standard dissection plan. However, the blood loss, 
transfusion rate, incidence of perioperative complications 
and success rates were similar in both primary RALP 
and secondary RALP groups. Patients with postoperative 
complications including urinary leakage, frank hematuria 
and wound infection were managed conservatively as 
inpatient for longer duration that contributed to the longer 
postoperative hospital stay of primary RALP cohort. 
Generally, the redo RALP was comparable with primary 
RALP in safety and effective.

We identified a series of maneuvers to overcome 
the challenges of secondary repair for recurrent UPJO. 
Transperitoneal approach was recommended, as this 
approach has more anatomical landmarks and larger surgical 
space, which is useful during dissection of fibrotic tissue. 
Dissection should be started from normal ureter segment 
with minimal adhesion, where the standard dissection 
plane can be easily identified. Periureteral fascia must be 
preserved during dissection, as it is the blood supply to 
ureter. Ureter mucosa must be handled with care to avoid 
injury, which can contribute to fibrosis in long term. A 

Table 3 Operative and postoperative outcomes

Characteristics Primary RALP (n=64) Secondary RALP (n=32) P value

Operative time, min, median [IQR] 125 [108.75–155] 151 [120–190] 0.004

Estimated blood loss, mL, median [range] 20 [5–200] 50 [10–100] 0.119

Transfusion rate, n (%) 0 0 N

Intraoperative conversion rate 0 0 N

Suspected crossing vessel etiology 3/64 2/32 0.871

Stones present (n) 9/64 4/32 0.9625

Postoperative hospital stay, median [IQR] 5 [4–6.25] 4 [3–5] 0.008

Follow up range, month, median [IQR] 32 [22–36] 20 [13–24] 0.001

Complications

Intraoperative complication rate, % (n/total) 0 (0/64) 3.12 (1/32) 0.333

Postoperative complication rate, % (n/total) 9.38 (6/64) 6.25 (2/32) 0.896

Grade I 4 2

Grade II 2 0

Success rate, % (n/total) 98.44 (63/64) 96.88 (31/32) 1.000

RALP, robot-assisted laparoscopic pyeloplasty; SD, standard deviation; IQR, interquartile range.
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tension-free anastomosis is crucial for good outcome of 
the operation. Ureter must be fully mobilized and kidneys 
should be mobilized as required. The interval from previous 
failed pyeloplasty was recommended to be more than 1 year 
for patients with stable renal function. Short interval from 
previous operation may associate with severe tissue edema 
or adhesion.

There are several limitations in our article. First, this 
was a single institutional retrospective study. In the future, 
more cases from other centers could be enrolled to strength 
our conclusion. Second, this was a retrospect study with 
more than 6 months follow up, therefore, other prospective 
study with longer period of follow up are required to 
validate our results. Third, some patients neglected renal 
scan examination due to symptomatic improvement 
postoperatively and remission of hydronephrosis. So, in 
future research, close follow-up and patient education 
should be strengthened.

Conclusions

The management of recurrent UPJO is technically 
challenging. The low success rates of endourological 
procedures had increased the role of redo pyeloplasty in 
such patients. Robot-assisted redo pyeloplasty had proven 
its feasibility and offered an equivalent success rate as 
primary RALP. However, secondary RALP is associated 
with significantly longer operative time as compared with 
primary RALP, especially during the exposure of the UPJ. 
Series of evidences strongly suggest that RALP is a safe 
and durable option for secondary UPJO repair. We suggest 
that RALP should be an alternative treatment modality 
for recurrent UPJO whenever the facility and expert are 
available.
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