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Abstract
Background Uretero-neocystostomy (UNC) is the gold-standard for distal-ureter repair. Whether the surgery should 
be conducted minimally invasive (laparoscopic (LAP), robotic RAL)) or open remains unanswered by the literature.

Methods Retrospective analysis of surgical outcome of patients treated with UNC for distal ureteral stenosis 
(January 2012 - October 2021). Patient demographics, estimated blood loss (EBL), surgical technique, operative time, 
complications and length of hospital stay (LOS) were recorded. During the follow-up period, patient underwent 
renal ultrasound and kidney function tests. Success was defined as relieve of symptoms or no findings of obstruction 
needing urine drainage.

Results 60 patients were included (9 RAL, 25 LAP, 26 open). The different cohorts were similar of age, gender, 
American Society of Anesthesiologists (ASA) score, body-mass index and history of prior treatment of the ureter. 
No intraoperative complications were detected in all groups. There was no conversion to open surgery in the RAL 
group, whereas one was found in the LAP arm. Six patients had a recurrent stricture, but with no significant difference 
between the cohorts. EBL was not different between the groups. LOS was significantly lower in the RAL + LAP group 
compared to open (7 vs. 13 days, p = 0.005) despite significantly longer operating times (186 vs. 125.5 min, p = 0.005).

Conclusion Minimal invasive UNC, especially RAL, is a feasible and safe surgical method and provides similar results 
in terms of success rates in comparison to open approach. A shorter LOS could be detected. Further prospective 
studies need to be done.
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Background
There are multiple causes for ureteral obstruction, of 
which ureter stones, iatrogenic injuries, and malignancies 
are the most frequent ones [1]. The definitive treatment 
for distal ureteral obstruction is ureteroneocystostomy 
(UNC). This surgery used to be performed with an open 
approach [2]. However, implementing new surgical 
techniques, such as the psoas hitch and the Boari-flap 
technique, made it possible to treat ureteral stenosis min-
imally invasive as well [3].

With the laparoscopic (LAP) approach promising suc-
cess rates and improvements in terms of estimated blood 
loss (EBL), length of hospital stay (LOS) and convales-
cence time in comparison to the open technique were 
reported [4]. The robot-assisted laparoscopic (RAL) 
approach has become an attractive option in the last 
years for UNC with comparable success rates, as among 
other things steep learning curves due to facilitation of 
suturing during urological procedures were reported in 
several studies [5, 6]. Only a few case series comparing 
open with laparoscopic or robotic-assisted technique 
have been published so far [7–9]. As the number of pub-
lications is scarce, we made a retrospective comparison 
of all three modalities for UNC.

Methods
An ethical approval was obtained from the local ethical 
committee to conduct our retrospective study. We retro-
spectively included all patients with an ureteral stenosis, 
who were treated with UNC either in an open, laparo-
scopic or robotic assisted technique at the Department 
of Urology and Andrology of the Paracelsus Medical Uni-
versity Salzburg, Austria from January 2012 until Octo-
ber 2021. The minimal invasive (RAL and LAP) group 
was compared with the open group. We included all eti-
ologies for stenosis. Patients with insufficient data or loss 
of follow-up were excluded from the study. Data were 
collected from patient medical records.

We assessed the following information: Age, gen-
der, laterality, American Society of Anesthesiologists 
(ASA) score, body-mass index (BMI), history of previ-
ous abdominal surgery, history of prior ureteral stricture 
treatment, stricture etiology, estimated blood loss (EBL, 
calculated by the difference of pre- and postoperative 
hemoglobin), pre- and postoperative serum creatinine, 
operative time, technique (pure ureteroneocystostomy, 
psoas hitch, Boari flap, distal ureterectomy), intraop-
erative complications and length of hospital stay (LOS). 
The ureteral procedure was based primarily on stricture 
length and on surgeon’s choice. Postoperative success was 
defined as relieve of symptoms or no radiological signs 
of obstruction needing drainage or reoperation. We also 
recorded any complications according to Clavien-Dindo 

system [10]. Major complications were stated as Clavien-
Dindo 3a or higher.

Perioperative evaluation
We collected the following values of all patients who 
underwent a planned UNC: blood chemistry, blood 
count, urine analysis and culture. In case of scheduled 
operation all patients received cross-sectional imaging 
with at least one contrast-enhanced computed tomogra-
phy scan. Patients who were treated initially with neph-
rostomy underwent antegrade ureterography to define 
stricture length. In case of no complete obstruction or 
an unclear function of the affected kidney a mercapto-
acetyl triglycine (MAG) 3 scan with “Lasix” (Furosemide) 
was performed. Unscheduled patients due to emergency 
operation (e.g. intraoperative iatrogenic injury) were 
staged during the operation by the consultant urologist. 
Except for a few cases, all ureteral anastomoses were 
stented with a pigtail ureteral stent. An anastomotic 
drain was placed in all cases. Postoperatively, the peri-
anastomotic drain was removed when its output was 
low (< 50ml/day) and the creatinine levels showed no 
urinary leakage. After a normal cystography the urethral 
catheter was removed 5–10 days postoperative depend-
ing on the surgeon’s individual choice. The ureteral stent 
was removed about 6 weeks after the operation. Two 
months after stent removal the patients underwent renal 
ultrasound and in unclear cases nuclear scans were done. 
The next follow-up was done 6-months later. Any further 
evaluation was left to the treating urologist’s discretion.

Surgical technique
The open and LAP procedures for UNC were well 
described by former authors and performed as men-
tioned in papers like Rassweiler et al. [11]. The reimplan-
tation technique was decided by the treating physician 
during the surgical procedure. The simple UNC-only 
technique (no opening of Retzius space and bladder 
mobilization due to small stricture length) was per-
formed if a tension-free direct anastomosis was possible. 
If the stricture length made a tension-free direct anasto-
mosis between bladder and ureter impossible, the psoas-
hitch technique was performed by fixation of the urinary 
bladder on the tendon of the ipsilateral iliopsoas muscle. 
The Boari-flap procedure was the adequate surgical tech-
nique for longer strictures. All anastomoses were per-
formed refluxive and extravesical. Stricture length was 
not routinely and only quite inaccurately assessed. As a 
result, we cannot state if the stricture length affected the 
implantation technique.

RAL had been conducted as follows: All RAL UNC 
were performed using the “da Vinci X Surgical Sys-
tem” (Intuitive Surgical, Sunnyvale, CA). The patient 
was placed into the moderate Trendelenburg position. 
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All procedures were performed transperitoneal with a 
12-mm camera port supraumbilical, three 8-mm trocars 
and one 12-mm port for the assistance. After achieve-
ment of a pneumoperitoneum and identification of the 
iliac vessels, an ureterolysis was performed proximal and 
distal of the stricture. The stricture was then resected 
to rule out malignancy. The ureteral reconstruction was 
based on surgeon’s choice. In all robotic cases, a Double-
J stent was placed in the ureter. After completion of the 
anastomosis, we filled the bladder with 250 ml of saline 
to rule out any leakage.

Statistical analysis
All data of continuous variables were checked for nor-
mal distribution (test of normality: Kolmogorov-Smirnov 
with Lilliefors significance correction, type I error = 10%). 
Continuous variables with normally distributed data 
were compared between the subgroups (open vs. robotic 
and lap) by the t-test for independent samples. For com-
parisons of continuous variables without normally dis-
tributed data and of the one variable measured on ordinal 
scales (ASA score) the exact Mann-Whitney U test was 
used. Dichotomous variables were compared by the 

Fisher’s exact test, the other categorical variables by the 
exact chi-square test.

The type I error was not adjusted for multiple testing. 
Therefore, the results of inferential statistics are descrip-
tive only. Statistical analyses were performed using the 
open-source R statistical software package, version 4.1.2 
(The R Foundation for Statistical Computing, Vienna, 
Austria).

Results
We included a total of 60 patients (31 male) with a 
median age of 55.5 (interquartile range [IQR] 44.7–72.0) 
years. Nine patients underwent the RAL approach, 25 the 
LAP approach and 26 patients were treated with the open 
technique. The median follow up was 110 weeks. Patients 
were similar of age, laterality, BMI and ASA score. Preop-
erative data is summarized in Table 1.

Operative data is summarized in Table  2. In the LAP 
and RAL cohort the psoas hitch technique was pre-
ferred. Operating time was significantly shorter in the 
open cohort (125.5 (105–180) vs. 186  min (140–224), 
p = 0.005).

The estimated blood loss, calculated by the difference 
of pre- and postoperative hemoglobin levels, was compa-
rable between the groups (0.4 RAL + LAP vs. 0.95 open). 
No intraoperative complications or challenging difficul-
ties were reported in all groups. One conversion to open 
surgery was found in the LAP group due to previous 
abdominal operations and therefore resulting visceral 
adhesions. The patient was finally treated with psoas-
hitch technique.

In Table  3 the postoperative data is summarized. A 
significant difference in LOS could be detected in the 
minimal-invasive-arm compared to open (p = 0.005). 
The RAL and LAP group had a median LOS of 9 (7–12), 
whereas the open cohort 13 (9–19) days. No com-
plaints or urinary tract infections were reported post-
operatively. Major complications (Clavien Dindo 3a or 
greater) were lower in the minimal invasive group with 

Table 1 Demographic characteristics
RAL + LAP Open P-value

Number of cases 34 26

Age, median - yr 50 (41–70) 60 (53–74) 0.048
Body mass index 24.6 

(22.5–28)
24.9 
(21.1–27.9)

0.654

Male sex- no. (%) 17 (50) 14 (53.8) 0.800

Prior abdominal surgery – no. 
(%)

16 (48.5) 21 (80.8) 0.015

ASA score – no (%) 0.027
1 5 (14.7) 1 (3.8)

2 22 (64.7) 13 (50.0)

3 7 (20.6) 12 (46.2)

Side – no (%) 0.045
Left 15 (44.1) 12 (46.2)

Right 19 (55.9) 10 (38.5)

Bilateral 0 4 (15.4)

Prior treatment 0.013
None 8 (23.5) 12 (46.2)

DJ-Stent 21 (61.8) 6 (23.1)

PCN 5 (14.7) 7 (26.9)

Other definitive 0 1 (3.8)

Other non-definitive 0 0

Etiology 0.666

Stricture 15 (44.1) 7 (26.9)

Malignancy 3 (8.8) 4 (15.4)

Iatrogenic 10 (29.4) 9 (34.6)

Stone 2 (5.9) 1 (3.8)

Other 4 (11.8) 5 (19.2)
RAL = robotic assisted laparoscopic; LAP = laparoscopic; ASA = American Society 
of Anesthesiologists; PCN = Percutaneous nephrostomy

Table 2 Perioperative data
RAL + LAP Open p-value

Number of cases 34 26

Operative time - min 186 
(140–224)

125.5 
(105–180)

0.005

Conversion to open technique 1 (2.9) n/a > 0.999

Technique – no (%) 0.021
UNC - only 5 (14.7) 13 (50.0)

UNC - psoas 22 (64.7) 11 (42.3)

UNC - boari 4 (11.8) 1 (3.8)

UNC – distal ureterectomy 3 (8.8) 1 (3.8)

EBL - Δ Hemoglobin 0.4 (0.0–1.4) 0.95 
(0.5–1.9)

0.592

RAL = robotic assisted laparoscopic; LAP = laparoscopic; ASA = American Society 
of Anesthesiologists; UNC = Ureteroneocystostomy; EBL = Estimated blood loss
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statistical significance (p = 0.032). One patient in the RAL 
group underwent another operation due to urinoma in 
the area of the implantation of the ureter into the blad-
der. Three sutures were placed in the bladder and the 
patient recovered well. An abdominal abscess measur-
ing 5 × 5 cm in iliopsoas muscle made an operative revi-
sion necessary in one patient who was treated with LAP 
technique: The patient was treated with an open abscess 
drainage and recovered well. Seven patients (26.9%) in 
the open cohort required surgical consult. One patient in 
the open cohort died three days after the operation due 
to pulmonary embolism. The 90-day readmission rate of 
0% (RAL + LAP) and 16% (open) showed statistical sig-
nificance (p = 0.028). The change in creatinine level did 
not differ between the groups. The failure rate of 5.9% 
(RAL + LAP) and 15.4% (open) showed no significant 
changes in statistical analysis.

Discussion
We retrospectively compared the surgical outcome of 
robotic- and laparoscopic with open ureteroneocystos-
tomy. Both groups showed comparable demographics. 
However, the RAL group included the smallest number 
of patients (9 vs. 25 vs. 26), representing an operative 
procedure, that has been implemented only a few years 
ago. These differences in patient numbers in subgroup 
size can be found in other publications as well, even if 
only two operative techniques were compared [8, 9, 12]. 
Despite this drawback concerning cohort size, we could 
demonstrate that the RAL-technique is safe and feasible.

The surgery time varied between the groups, giv-
ing an advantage for open surgery. However, surgery 
time is highly dependent on the ureteroneocystostomy 
technique. The simple UNC-only technique was most 
frequently used within the open surgery group. In con-
trast, the more time-consuming psoas-hitch technique 
was preferred for RAL and LAP. The challenging and 
time-consuming procedure of intracorporal suturing 
in laparoscopy is an often-postulated reason for longer 
surgery time in LAP. The RAL UNC with its advantage 

of three-dimensional visualization and seven degrees of 
freedom at the instrument wrist has helped to master the 
difficulties that are known in LAP technique. In our open 
cohort the operating time was significantly shorter with a 
median time of 125.5 min compared to the minimal inva-
sive arm with 186 min (p = 0.005). When reviewing litera-
ture, difference in operating time is rarely reported. Most 
groups reported no differences in operating time [7, 12, 
13]. In contrast, a significant longer operating time in the 
RAL group compared to the open was shown by Isac et 
al. (279 vs. 200 min, p < 0.01) [8]. Elsamra et al. detected 
no differences in operative time (236 vs. 235 vs. 257 min, 
p = 0.123) in all three groups (RAL, LAP, open) [9].

Similar to surgery time, there was a trend for a shorter 
LOS for the minimally invasive techniques. In litera-
ture, minimal invasive surgery results in shorter LOS 
compared to open. In summary, the publications mainly 
revealed significant lower LOS, especially in robotic but 
also in minimal invasive techniques [8, 9]. Interestingly, 
Baldie et al. showed similarity in terms of LOS in the 
LAP and RAL technique in benign strictures [7]. These 
published results are consistent with our data: LOS is 
lower in the minimal invasive arm compared to the open 
technique in benign and malignant cases (9 vs. 13 days, 
p = 0.005).

Our study revealed a comparable surgical outcome 
and safety for all techniques. Open surgery, RAL and 
LAP had similar EBL, complication rates, 90-day read-
mission rates, and failure rates with some advantages 
for the minimal invasive techniques. When comparing 
the literature, Patil et al. [12] were the first who demon-
strated lower EBL and similar success rates in the RAL 
group compared to open and LAP cohorts. Kozinn and 
colleagues confirmed these results in benign diseases 
[13]. Interestingly, Baldie et al. showed similarity in terms 
of success and EBL in the minimal invasive techniques 
in benign strictures [7]. In 2013 Isac et al. presented a 
comprehensive comparison of 25 RAL versus 41 open 
UNC [8]. The by then largest published study compar-
ing these two modalities reported lower EBL (100 vs. 150 
ml, p < 0.01) in the RAL arm with comparable outcome. 
To our knowledge, there has been only one study which 
compared all three modalities in benign and malignant 
diseases so far (20 RAL, 85 LAP and 25 open procedures) 
[9]. Not surprisingly, the published data from Elsamra et 
al. documented significant lower EBL (100 vs. 150 vs. 300 
ml, p < 0.01) in minimal invasive procedures but no sig-
nificant difference in success rates. In summary, literature 
revealed significant lower EBL and comparable success 
rates, especially in robotic but also in minimal invasive 
techniques. Our data are consistent with these publica-
tions. Even though many groups were able to detect dif-
ferences in EBL, our study could not show a difference 

Table 3 Postoperative data
RAL + LAP Open p-value

Number of cases 34 26

LOS, median - days 9 (7–12) 13 (9–19) 0.005
Δ Creatinine, median 0.08 

(0.0-0.15)
0.02 
(0.00-0.14)

0.059

Stent duration, median - days 42 (28–42) 28 (18–42) 0.367

Foley-catheter duration, median 
-days

7 (5–10) 7 (6–10) 0.941

90-day readmission, no. (%) 0 4 (16.0) 0.028
Major complication, no. (%) 2 (5.9) 7 (26.9) 0.032
Failure, no. (%) 2 (5.9) 4 (15.4) 0.388
RAL = robotic assisted laparoscopic; LAP = laparoscopic; LOS = Length of 
hospital stay
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in EBL due to poorly recordings in the anesthesiological 
protocol in our clinic.

At our institution, we started performing robotic sur-
gery in 2019, in particular RAL UNC. We have gained 
significant surgical experience with robotic urologi-
cal procedures since then by performing at least 200 
per year. Even though these nine patients were our first 
patients treated with RAL UNC, we had comparable 
results together with LAP compared to the open group. 
The RAL technique seems to have a shorter learning 
curve for the surgeon compared to LAP. This hypothesis 
is confirmed in publications regarding other operative 
urological procedures [14]. Moreover, due to dexterity 
and facilitation of suturing, more urologists are able to 
perform UNC minimally invasive robotic assisted, with-
out the formerly essential experience in pure laparoscopy.

There were some limitations to our study. Next to the 
retrospective design itself with a concomitant selection 
bias, the small sample size in the RAL arm and the het-
erogeneity in the groups with the inclusion of malignan-
cies as etiology are mentionable limitations. Due to the 
few robotic cases, we combined the RAL with the LAP 
technique and compared it with open. Stricture length 
was not routinely assessed and therefore we cannot 
state if the length affected the implantation technique. 
Furthermore, the EBL was calculated with pre- and 
postoperative hemoglobin difference and not with the 
intraoperative measured blood loss. In spite of that, this 
is the second largest retrospective study comparing all 
three modalities for UNC.

Conclusion
Minimal invasive UNC, especially RAL, is a feasible 
alternative for the definitive treatment of distal ureteral 
stenosis compared to the open approach. Our retrospec-
tive cohort study could demonstrate its safety and a short 
learning curve. Bigger case series, ideally in a prospec-
tive design, need to be done in the future to evaluate the 
effectiveness of RAL UNC.

List of abbreviations
UNC  Ureteroneocystostomy
LAP  Laparoscopic
EBL  Estimated blood loss
LOS  Length of hospital stay
RAL  Robotic-assisted laparoscopic
ASA  Anesthesiologists score
BMI  Body-mass index
MAG  Mercaptoacetyl triglycine
IQR  Interquartile range
PCN  Percutaneous nephrostomy

Acknowledgements
None.

Author Contribution
Research conception and design: Christian Ramesmayer and Michael 
Mitterberger. Data acquisition: Christian Ramesmayer. Data analysis and 
interpretation: Christian Ramesmayer and Michael Mitterberger. Manuscript 

editing: Ricarda Gruber, Maximilian Pallauf, David Oswald, Lukas Lusuardi, 
Thomas Kunit.

Funding
Not applicable.

Data Availability
The datasets generated and/or analysed during the current study are not 
publicly available due to no open access to Paracelsus Medical University 
medical records data base, but are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of Bundesland 
Salzburg (Approved Number: 1129/2021). The Ethikkommission für das 
Bundesland Salzburg waived the need for informed consent for the 
retrospective study design. All experiment protocols involving humans were 
in accordance with the guidelines of the institution or Declaration of Helsinki.

Consent for publication
Not applicable.

Competing Interests
The authors declare no competing interests.

Received: 1 July 2022 / Accepted: 25 February 2023

References
1. Asghar AM, Lee RA, Yang KK, Metro M, Eun DD. Robot-assisted distal ureteral 

reconstruction for benign pathology: current state. Investig Clin Urol. 
2020;02(Suppl 1):23–S32.

2. Stief CG, Jonas U, Petry KU, et al. Ureteric reconstruction. BJU Int Jan. 
2003;91(2):138–42.

3. Tyritzis SI, Wiklund NP. Ureteral strictures revisited… trying to see the 
light at the end of the tunnel: a comprehensive review. J Endourol Feb. 
2015;29(2):124–36.

4. Fergany A, Gill IS, Abdel-Samee A, Kaouk J, Meraney A, Sung G. Laparoscopic 
bladder flap ureteral reimplantation: survival porcine study. J Urol Nov. 
2001;166(5):1920–3.

5. Ahlering TE, Skarecky D, Lee D, Clayman RV. Successful transfer of open 
surgical skills to a laparoscopic environment using a robotic interface: 
initial experience with laparoscopic radical prostatectomy. J Urol Nov. 
2003;170(5):1738–41.

6. Blavier A, Gaudissart Q, Cadière GB, Nyssen AS. Comparison of learning 
curves and skill transfer between classical and robotic laparoscopy accord-
ing to the viewing conditions: implications for training. Am J Surg Jul. 
2007;194(1):115–21.

7. Baldie K, Angell J, Ogan K, Hood N, Pattaras JG. Robotic management of 
benign mid and distal ureteral strictures and comparison with laparoscopic 
approaches at a single institution. Urol Sep. 2012;80(3):596–601.

8. Isac W, Kaouk J, Altunrende F, et al. Robot-assisted ureteroneocystostomy: 
technique and comparative outcomes. J Endourol Mar. 2013;27(3):318–23.

9. Elsamra SE, Theckumparampil N, Garden B, et al. Open, laparoscopic, and 
robotic ureteroneocystotomy for benign and malignant ureteral lesions: 
a comparison of over 100 minimally invasive cases. J Endourol Dec. 
2014;28(12):1455–9.

10. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: 
a new proposal with evaluation in a cohort of 6336 patients and results of a 
survey. Ann Surg Aug. 2004;240(2):205–13.

11. Rassweiler JJ, Gözen AS, Erdogru T, Sugiono M, Teber D. Ureteral reimplanta-
tion for management of ureteral strictures: a retrospective comparison of 
laparoscopic and open techniques. Eur Urol Feb. 2007;51(2):512–22. discus-
sion 522-3.



Page 6 of 6Ramesmayer et al. BMC Urology           (2023) 23:35 

12. Patil NN, Mottrie A, Sundaram B, Patel VR. Robotic-assisted laparoscopic 
ureteral reimplantation with psoas hitch: a multi-institutional, multinational 
evaluation. Urol Jul. 2008;72(1):47–50. discussion 50.

13. Kozinn SI, Canes D, Sorcini A, Moinzadeh A. Robotic versus open distal 
ureteral reconstruction and reimplantation for benign stricture disease. J 
Endourol Feb. 2012;26(2):147–51.

14. Rashid TG, Kini M, Ind TE. Comparing the learning curve for robotically 
assisted and straight stick laparoscopic procedures in surgical novices. Int J 
Med Robot Sep. 2010;6(3):306–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Uretero-neocystostomy: a retrospective comparison of open, laparoscopic and robotic techniques
	Abstract
	Background
	Methods
	Perioperative evaluation
	Surgical technique


	Statistical analysis
	Results
	Discussion
	Conclusion
	References


