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Abstract. Background/Aim: The aim of this review was to
provide an update on the status of minimal invasive treatment
of ureteral stricture either with a laparoscopic or robotic
surgery. Materials and Methods: Eligible studies, published
until November 2019 were retrieved through Medline,
Cochrane and Pubmed databases. Predetermined inclusion
and exclusion criteria were used as selection method for data
synthesis and acquisition. The study was performed in
accordance with the PRISMA statement. Results: A total of 19
retrospective studies met the inclusion criteria. All of them
demonstrated the safety, feasibility and success of both
laparoscopic and robotic ureteral reconstruction. Individual
case series or cumulative comparison analysis of the available
studies showed at least equivalent success rates and a trend
favoring laparoscopic and robotic groups in terms of estimated
blood loss and length of hospital stay to the detriment of longer
operative times and possibly higher cost. Conclusion: Current
evidence suggests the effectiveness, safety and increasing
incorporation of minimally invasive techniques for complex
stricture repair and reconstruction.

A ureteral stricture is characterized by a narrowing of the
ureteral lumen, often causing functional obstruction in the
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flow of urine. When this occurs, urine backs up into the
kidney and may cause pain, urinary tract infections, or
kidney failure. Management of strictures not amenable to
endoscopic treatment involves ureteral reconstruction, which
still remains a challenging therapy option. During the past
three decades, the field of minimally invasive surgery,
especially in urology, has brought major changes in
treatment strategies, firstly with laparoscopy, and more
recently with robotic surgery. The aim of our study was to
provide an outline of the increased adoption of these
advancements which although not mature seem to provide
encouraging results.

Materials and Methods

Evidence synthesis. Eligible studies, published until November
2019, were retrieved through Medline, PubMed, and Cochrane
databases by applying predetermined inclusion and exclusion
criteria and using the following search terms: “ureter” and/or
“stricture”, “stenosis” or “obstruction” combined with the terms
“reconstruction” or “reimplantation” “laparoscopic” or “robotic”.
Publications on laparoscopic and robotic surgeries, carried out in
different ureteral reconstructions and of any study design, including
case series and comparative studies, were included. The studies
were limited to adult humans and the English language. The Authors
independently performed abstract selection followed by full-text
screening and excluded articles referring only to endourology or
open surgery, pediatric population, congenital causes, fistulas, and
case reports. The study was performed in accordance with the
PRISMA statement.

Results
The search strategy identified 123 articles. Of these articles,

24 were excluded after identification of duplicates. Another
23 studies were not in the English language or referred to a
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Identification

Records identified through Pubmed,
Medling, Cohrane (n= 123)

Screening

Records screened after duplicates
removed (n=109)

Records excluded: Non-
English,pediatric populations
(n=23)

Y

Eligibility

Full-text articles assessed for eligibility
(n=86)

Articles excluded (n=67)

1)case reports

2)congenital causes, fistulas

3)contains only open or
endourology surgery results

Inclusion

Full-text articles included (n=19}

Individual case series
(n=13)

Comparative studies

(n=6)

Figure 1. PRISMA four-phase flow diagram of search yield, screening and inclusion steps.

pediatric population and did not fulfill the predetermined
criteria for selection. There were, thus, 86 articles selected
for full-text review. Following the full-text review, 67 of
these were also excluded as they were not relevant or
matched exclusion criteria. Finally, 19 articles were included
in this study, of which 13 were case series and six were
comparative studies. The flowchart of the selected studies is
presented in Figure 1.

Incidence. Excluding congenital ureteral strictures commonly
located at the ureteropelvic junction, benign pathology and
iatrogenic trauma represent the most common causes (80%)
of stricture formation (1). Another 15% are characterized as
idiopathic and the rest are of malignant origin.
Gynecological procedures account for the majority of
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iatrogenic injuries (70%), followed only by colorectal ones.
They are observed invariably with any type of treatment
method i.e. open, endoscopic, laparoscopic or robotic. The
aetiological mechanism involves ligation or kinking with a
suture, crushing from a clamp, partial or complete
transection, thermal injury and ischaemia from
devascularization (2). Although incidence of ureteric injuries
is under-reported, it is assumed that in the last 20 years, the
rates of iatrogenic trauma have decreased or at least
remained stable due to improvements in techniques,
instruments and surgical experience (3).

Diagnosis. A high degree of suspicion is required by the
surgeon since most injuries are not diagnosed intraoperatively.
If a retrograde pyelogram cannot be performed, then the
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preferred imaging technique is a triple-phase, contrast-
enhanced computed tomography with delayed images in the
excretory phase for optimal visualization of the relevant
anatomy as well as for location of extravasated urine (4).
Clinical diagnosis is often helpful, especially postoperatively,
with patients reporting symptoms such as pyrexia, haematuria,
dysuria, flank pain, urinary incontinence and signs of
peritonitis or sepsis (5). In cases of late recognition, the
estimation of the function of the affected renal unit is often
advocated, principally for medico-legal reasons.

Management. Stricture management depends on many
parameters, the most important being its nature, severity,
length and location. Due to late diagnosis, a period of 6
weeks to 3 months has been suggested as a reasonable
waiting time for reconstruction secondary stricture, unless
they are found and repaired the moment they happen which,
judging from the outcomes, is the best scenario for patients
(6). Although delayed diagnosis adversely affects surgical
methods and results (7), ultimate key goals of therapy aim
at renal preservation with simultaneous reduction in surgical
morbidity irrespective of the time of stricture discovery.

In many cases, endo-urological treatment by internal
stenting with or without dilatation is the first choice of
intervention performed either retro- or antegradely. The
valuable contribution of stents for avoidance of urine
extravasation, re-structuring and promotion of ureteral healing
must be weighed against a potential aggravation of the severity
of the strictures reported by some authors (8). Furthermore,
ideal duration and size of stenting are still undetermined.

In case of failure or contraindication of endoscopic
therapy, ureteral reconstruction following temporary urine
diversion is achieved by open, laparoscopic or robotic
techniques. All available modifications are limited by the
length of the ureteral stricture itself but are subjected to
adherence to specific surgical principles such as: spatulation
of ureteral ends, watertight mucosa-to-mucosa anastomosis
with absorbable sutures, internal stenting, external drain,
debridement of any necrotic tissue and isolation with
omentum or peritoneum if possible.

While open surgery remains the mainstay of complex
ureteral reconstruction, advances in laparoscopic and robotic
technology constantly refine and expand their application as
minimal invasive treatment options. Compared with traditional
open surgery these techniques have been associated with less
postoperative  pain, reduced hospitalization, shorter
convalescence and improved cosmesis. However, lack of
tactile feedback, longer operative time and often cost are
disadvantages that haven’t been resolved despite growing
surgical expertise. Based upon a significant number of studies
which are not considered to be controversial, Table 1
summarizes current approaches for laparoscopic and robotic
surgery and treatment of choice stratified by location.

Table 1. Summary of robotic and laparoscopic techniques for ureteral
stricture management and stratification by location.

Technique Location

Proximal Middle Distal Pan

ureter/multiple

Ureteroureterostomy v v v
Ureteroneocystostomy v v
Transureteroureterostomy v v
Boari flap %
Psoas hitch v
Appendiceal/buccal v
mucosa flap
Ileal neoureter v
Kidney autotransplantation v

Laparoscopic approaches.

Laparoscopic uretero-ureterostomy (LUU) and ureteroneo-
cystostomy (LUNC). LUU involves excision of the stenotic
segment, spatulation of the ureteral ends and end-to-end
anastomosis in either an interrupted or running fashion.
Concomitant downward nephropexy may assist in achieving
a tension-free anastomosis. In case of difficulty in identifying
the ureter, it is suggested to first identify a healthy segment
and then to trace the ureter circumferentially towards the
diseased segment. The use of near-infrared fluorescent
imaging with the aid of clinically available dyes such as
indocyanine green and methylene blue is currently being
considered as a novel method for ureter visualization (9).
Ureteroneocystostomy is the procedure of choice to correct
distal ureteral injuries in close proximity to the bladder that
measure 3-5 cm. Various approaches to ureteral reimplantation
in the adult can be used, such as a modified Politano-
Leadbetter type of repair or an extravesical Lich-Gregoir. In a
retrospective review of adults who had undergone
ureteroneocystostomy, Stefanovic et al. concluded that there
was no difference in preservation of renal function or risk of
stenosis with antireflux versus reflux procedures (10).

The first successful LUU was performed in 1992 by Nezhat
et al. (11). In the first retrospective, comparative study
between open and various laparoscopic procedures, Simmons
et al. concluded less estimated blood loss, shorter length of
hospital stay in the laparoscopic group but similar patency and
complication rates (12). In another comparative analysis, De
Cicco et al. suggested similar recurrence ratio between the two
groups with success rates reaching >90% (13). Yet early
reported success can be misleading because recurrent strictures
typically develop up to 1 year after surgery.

Recent published experience on LUU or LUNC showed
encouraging results although multicenter, randomized and
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with longer follow-up studies are still lacking to strongly
support these otherwise technically feasible and safe options
that have stood the test of time (14).

Laparoscopic psoas hitch and Boari flap. This procedure
includes three major steps: i) Mobilization of bladder to
guarantee a tension-free anastomosis; ii) formation of an
adequate submucosal tunnel to prevent vesicoureteral reflux;
iii) implantation of the ureter into an immobilized part of the
bladder to prevent kinking during emptying and filling with
urine. While psoas hitch is an almost universal approach of
ureteric reimplantation whatever the defect of the distal
ureter, an additional Boari flap can be considered as a bridge
for ureteric defects >5 cm. Fugita et al. described three cases
using Boari flap without any complications or stricture
recurrence observed at a mean follow-up of 11 months (15).
Castillo et al. reported 30 cases as part of a large multi-
institutional study. The overall success rate reached 96%
with 32 months follow-up (16). Abraham et al. reported
comparable results between early and delayed repair with
Boari flap, however, early repair is technically more difficult
(17). Recently, Rassweiler et al. compared open and
laparoscopic methods, revealing longer operative times,
lower estimated blood loss, shorter length of hospital stay for
laparoscopy and equivalent success rates (18). Promising
results using this technique to repair ureteral defects caused
by tuberculosis, malignancy or trauma have also been
reported in the literature (19, 20). Again, one must bear in
mind that, no matter how attractive these procedures might
seem, they require extensive time for intracorporeal suturing
and thus are not suited for a beginner in laparoscopy.

Laparoscopic transureteroureterostomy (LTUU). This is a
reconstructive alternative that can be used for upper and mid-
ureteral strictures refractory to conventional surgical therapy.
The essential step of the procedure is to transpose one ureter
across the midline through a retroperitoneal tunnel and
anastomose it to the contralateral one. It is useful in patients
who have had previous pelvic surgery that would make a
psoas hitch or a bladder flap inadvisable. However, there are
certain circumstances whic render LTUU inappropriate:
Chronic pyelonephritis, renal stones, idiopathic retroperitoneal
fibrosis, previous radiation therapy or urosepsis are some of
them. Other limitations are insufficient length of the donor
ureter or pathology e.g. reflux to the recipient ureter which
will put both kidneys at risk postoperatively. Feasibility of
LTUU was first demonstrated by Dechet ef al. in nine female
pigs (21). Eight of them underwent successful LTUU as
judged by excretory urography, retrograde pyelograms and
creatinine measurements. The only report on humans is by
Piaggio et al., who performed transperitoneal LTUU in three
children (22). All cases were carried out successfully with
patients having normal kidney function, blood pressure and no
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significant hydronephrosis at a short follow-up of 6 months.
Common drawbacks in accordance with other complex
reconstructions are the longer operative time and the need for
advanced laparoscopic skills.

Laparoscopic ileal ureter. The surgical principle is to
construct a non-refluxing, non-obstructive urinary outflow as
soon as possible. An appropriate segment of ileum is
anastomosed to the renal pelvis and to the bladder proximal
and distal respectively in an isoperistaltic orientation. Gill et
al. were the first to report this kind of replacement in an 87-
year-old man suffering from upper tract transitional cell
carcinoma (23). With advanced laparoscopy, more and more
cases have been performed in recent years. Stein et al.
presented a review of seven patients undergoing open and
seven undergoing laparosopic ileal interposition graft. The
comparison demonstrated a benefit in narcotic requirement
and convalescence in favour of the laparoscopy group (24).
This complex reconstruction requires detailed understanding
and adequate practice to prevent inherent pitfalls and
minimize the -rather high- complication rates.

Laparoscopic kidney autotransplantation (LKAT). Despite
having been reported as an effective treatment modality for
managing complex renal/ureteral lesions (25), kidney
autotransplantation is nowadays underutilized due to high
morbidity and relative unfamiliarity of the urological
community with renal transplantation. The kidney is
harvested laparoscopically and transplanted with the iliac
vessels, while the ureter is connected via extravesical
ureteroneocystostomy. A study by Gill et al. followed-up
four patients who underwent LKAT; one of them suffered
from extensive stricture disease. Patients were discharged
after an average of 4 days and there were no reported
complications (26). Tran et al. evaluated 52 patients after
LKAT and reported a success rate of 90% for an average 6-
year follow-up (27). Eisenberg et al. followed 15 patients for
over 6 months after LKAT; four experienced complications
which required surgical intervention (28). Table II
summarizes selected studies of laparoscopic ureteral repair.

Robotic reconstruction. Even though laparoscopy offers
inherent benefits compared with open surgery, the Da Vinci
Surgical System™ (Intuitive Surgical) has revolutionized
reconstructive urology. The rapid uptake of the robotic
platform has increased surgeon comfort and has provided
technical achievements including 3-D, magnified
visualization, enhanced dexterity and ease of intracorporeal
suturing. In the past decade, several institutions have
implemented new technology and have started to report their
initial experience with respect to robotic reconstruction in
urology. Despite relative paucity of the existing literature,
some of the largest published series are discussed here.
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Table II. Selected series of laparoscopic ureteral reconstruction.

Author (Ref) Year No. of Technique Operative ~ EBL (ml)  Hospital Follow-up  Success
patients time (min) stay (days) (months) rate
Rassweiler et al. (18) 2007 10 Psoas hitch (n=4) 254%* 270%* 8.2% 17* 100%
Boari flap (n=6)
Seideman et al. (29) 2009 45 UNC (n=27) NR 150% 3% 25.2% 96%
Boari flap (n=16)
Mereu et al. (30) 2010 17 UNC 330%* 325% NR 21% 88%
Castillo et al. (16) 2013 30 Boari flap 161* 123%* 4.8% 32% 100%
Abraham et al. (31) 2014 36 UNC w/wo Psoas hitch 187* 120* 4* 16.3* 100%
Campobasso et al. (32) 2017 23 UNC 126* 58% 5.5% 25% 92%

EBL: Estimated blood loss; NR: not reported; UNC: ureteroneocystostomy; w/wo: with/without. *Mean; fmedian.

Robotic ureteroureterostomy (RUU). As with open and
laparoscopic surgery, lesions up to 3 cm can also be
effectively bridged with robot means. Great care should be
taken to preserve as much periureteral tissue as possible in
order to maximize ureteral blood supply. Placement of a
double-J ureteral stent to span the anastomosis is standard
with any ureteral reconstruction procedure. Hemal et al.
retrospectively analyzed data of seven patients who had
undergone RUU (33). According to the results, mean
operative time was 110 min, mean estimated blood loss was
50 ml, mean length of hospital stay was 3 days and no
recurrences were observed at an average follow-up of 28
months. The largest case series was reported by Buffi et al.
(34) and included 17 patients. Mean operative time was 150
min. with a 94% success rate. No complications greater than
grade II were noted. The most recent published comparative
study between the two techniques among 126 patients
revealed that RUU may be a better choice, with shorter
operative time, postoperative hospitalization time and less
inflammation (35).

Robotic reimplantation with/without psoas hitch. Whenever
a longer defect up to 5 cm needs to be bridged, ureteral
neocystostomy seems to be a realistic option combined with
a vesico-psoas hitch if the defect measures up to 10 cm.
Implementation of a refluxing or non-refluxing technique is
at the discretion of the urologist since studies incorporating
open, laparoscopic or robotic surgery have shown similar
rates of stenosis and preservation of renal function with
either anastomotic approach (10, 36). In one of the largest
series of robotic upper tract reconstructions, Marien et al.
included 31 ureteroneocystostomies via an extravesical
approach with 100% symptomatic and radiographic
improvement (37). Another cohort of 45 patients underwent
robotic reimplantation with/without psoas hitch, with an
overall success rate of 94%, no conversion to open or
aborted procedure and major complication rate of 3.6%
(Clavien grade>III) (38).

Robotic Boari flap. Boari flap is a useful treatment option
when the diseased segment of the ureter is too long (10-15
cm). It can also be used to bridge uni- or bilateral ureteral
structuring. Due to extensive plastic reconstruction of the
bladder, a cystogram needs to be performed in advance to
outline the bladder contour and determine its capacity. In a
study by Musch et al., five cases of Boari flap among other
reconstructions were included. Operative time ranged
between 230 and 320 min. One case experienced prolonged
anastomotic leakage and another bladder wall insufficiency,
urinary leakage and peritonitis (39). Do et al. used the
Leadbetter-Politano antirefluxing technique in eight patients
with minimal blood loss, short catheterization time and low
complication rate (40). Stolzenburg et al. replicated the open
surgical technique by Uberlhér and concluded that is safe and
effective for an experienced robotic surgeon (41). Currently,
there is no study comparing robotic Boari flap
reconstructions. Nevertheless, the robotic approach is
associated with the advantages of minimally invasive surgery
and the lower technical difficulty compared with laparoscopy.

Robotic ileal ureter. Almost 15 years after the introduction
of the Da Vinci robotic platform, Brandao et al. reported the
first completely intracorporeal ileal ureter in a patient with
multiple strictures (42). An impressive total operating time
of 420 min was partially attributed to repeated docking and
undocking of the instruments. Ubrig et al. published an
initial series of seven patients which is the largest to date
(43). Excluding one case which required prolonged stenting,
there were no major complications and all patients had a
fully functional restored upper tract at the 3-month
sonographic, radiographic and renographic follow-up.
Common limitations of all the aforementioned studies are the
low number of patients, the lack of late follow-up and their
retrospective nature. Cases of robotic appendiceal
interposition which appear in the literature as an attractive
alternative of avoiding bowel anastomosis are sporadic and
performed only by experienced surgeons.
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Table III. Selected series of robotic ureteral reconstruction.

Author (Ref) Year No. of Technique Operative ~ EBL (ml)  Hospital Follow-up  Success
patients time (min) stay (days) (months) rate
Hemal ez al. (33) 2010 15 UNC (n=8) 138* 98* 2.4% 13.5% 100%
UU (n=7)
Fifer et al. (38) 2014 50 UNC (n=45) 233% 50% 1.6% 6% 95%
UU (n=5)
Marien et al. (37) 2015 250 UU (n=8) 260* 101* 3% 10.8* 100%
UNC (n=28)
Psoas hitch (n=26)
Stolzenburg et al. (41) 2016 11 Boari flap 167* 155% NR 15.2% 100%
Buffi et al. (34) 2017 39 UNC (n=21) 166* NR 7* NR 94%
UU (n=17)
Masieri et al. (45) 2019 12 UNC (n=6) 160* NR 6* 17* 91%
UU (n=6)

EBL: Estimated blood loss; NR: not reported UNC: ureteroneocystostomy; UU: ureteroureterostomy. *Mean; ¥median.

Robotic autotransplantation. Autotransplantation represents
the ultimate way to preserve renal function when complex
ureteral, renovascular or malignant pathologies are
encountered. Robotic autotransplantation is still in its infancy
as only 11 cases have been reported worldwide (seven from
Europe, three from the USA, and one from Japan) (44).
Despite its undoubted novelty and innovation, it may be too
early to judge the promising outcomes and confirm its
establishment as a less morbid type of surgery. Table III
summarizes selected studies of robotic ureteral repair.

Discussion

Ureteral strictures are a relative rare but under-reported
problem, often resulting from iatrogenic manipulation of the
urinary tract. Treatment strategies are multifactorial, mainly
depending on the time of diagnosis and extent of the defect.
Therapeutic management ranges from an uncomplicated
endoscopic approach to next-generation tissue engineering.
The decision as to which repair to perform is often made in
the operating room when the precise length of stricture and
tissue tension can be readily assessed. Historically, open
surgery is considered the gold standard repair method, yet it
is associated with significant morbidity, complications and
prolonged hospitalization. With the impressive implementation
of laparoscopic and robotic surgery and the promising results
already reported for pyeloplasty, it seems rational to expect
similar outcomes following reconstruction of the ureter. Both
routes of minimally invasive surgery offer advantages,
including enhanced vision, lower blood loss, less pain,
improved cosmesis, shorter hospitalization and faster return to
work. The risk of complications or adverse incidents is closely
correlated with the complexity of the reconstruction: the more
advanced the reconstruction, the more considerable the risk.
However, adhesion to open surgical principles is of utmost
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importance in achieving satisfactory outcomes. Reconstruction
of the upper urinary tract, whether laparoscopic or robotic, is
a technically demanding operation which requires a high
degree of laparoscopic skills, a long learning curve and is
currently carried out at specialized centers by experienced
surgeons. As medical technologies constantly evolve, surgery
continues to reshape and adapt to the new era.

Conclusion

Although the majority of studies regarding minimally invasive
reconstruction for ureteric strictures report at least equivalent
success rates, it is at least premature to draw a robust conclusion
about superiority of the methods and cost-effectiveness in the
background of absence of high-quality data. One must
acknowledge that reports in the literature are based on primarily
retrospective study designs and are heterogeneous, with small
populations and a short follow-up period. Promising results of
the reported retrospective data require confirmation by future
randomized trials in order to create a substantial paradigm shift.
While open surgery is traditionally the main player in the field
of reconstructive urology, gradually replacing conventional
laparoscopy, robotics might even come to challenge what is
established as the gold standard approach to managing a
complex stricture in the near future.
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