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Abstract

Introduction Ureteric strictures are well-documented complications related to surgery or radiation therapy. Minimally
invasive treatment using endoscopic dilatation or laser incision is the standard practice. There are no existing guidelines on
which techniques to use in the treatment of different stricture types and a paucity of data regarding long-term results.
Purpose Our study aimed to retrospectively assess the long-term efficacy of minimally invasive treatment in benign and
malignant ureteric strictures.

Materials and methods Over a 5-year period, 2007-2012, we analyzed the data of 59 consecutive patients undergoing mini-
mally invasive treatment for symptomatic ureteric strictures. We excluded 16 patients from final analysis due to failed access
or loss to follow-up. All patients but one were treated with antegrade, retrograde balloon or catheter dilatations. Successful
outcome was defined as an asymptomatic, completely catheter free patient, with stable renal function.

Results 43 patients were eligible for retrospective final analysis. The largest proportion of strictures occurred following
surgery combined with radiotherapy 8/43 (19%). Preoperative decompression was required in 30/43 (70%). We identified
32/43 (75%) balloon dilatations, 10/43 (23%) catheter dilatations and 1/43 (2%) laser incision. Overall success rate was 31/43
(72%). All 6 recurrences occurred within 36 months, 4 within the first 12 months. 3/6 patients were successfully re-dilated.
Conclusion Minimally invasive treatment is a worthwhile alternative in strictures due to previous radiation and/or surgical
treatment of malignancies. Most recurrences occurred within the first year. However, late recurrences arise; therefore, patients
should be subject to long-term follow-up. Moreover, re-dilatation may be required.
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Introduction

Symptoms or findings related to ureteral strictures are vari-
able ranging from acute flank pain, sepsis with or without
pyonephrosis or incidental finding of hydronephrosis. These
signs may have a late presentation due to the slow develop-
ment of ureteral fibrosis.

Minimally invasive surgery is a widely used treatment for
ureteral strictures. Balloon, catheter dilatation and holmium
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laser endoureterotomy are alternatives to open surgery
(Fig. 1). However, there is little in the literature about their
long-term efficacy, particularly in strictures secondary to
radiation or surgery for malignancy. Most of the evidence
available is based on retrospective, single-center studies with
short-term follow-up [1-5].

Based on several studies on laser incision of ureteric stric-
tures [6—17], the latest EAU Guidelines conclude that retro-
grade endoureterotomy should be considered as a first-line
treatment option [18]. However, there are no randomized
controlled studies comparing different treatment alternatives.

Factors that may have an impact on the success rate are
stricture location (upper, mid or distal ureter), stricture type
(ischemic versus non-ischemic, malignant or benign), stric-
ture onset, renal function and stricture length [19]. Stric-
tures > 2 cm have been shown to be associated with poorer
outcome [2, 18].
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(a) Endoscopic view
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under fluoroscopic
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Fig. 1 Minimally invasive management of ureteric strictures: balloon dilatation

Complex, multifactorial ureteral strictures of diverse eti-
ologies were referred to our center, often with previously
failed dilatation attempts. Our study aimed to assess the
long-term efficacy of minimally invasive treatment in ure-
teral strictures of benign and post-malignant etiologies.

Patients and methods

We carried out a retrospective consecutive, single-center
study over a period of 5 years, from 2007 to 2012. A single
surgeon performed the minimally invasive procedures in this
cohort. All patients were prospectively collected using the
hospital’s filing system, which combined EMR (Electronic
Medical Records), ICD (International Classification of
Disease) and the Swedish procedures coding system. Inclu-
sion criteria were ureteral strictures causing pain, recurrent
infections, pyonephrosis and/or renal impairment. Strictures
could be of benign or post-malignant origin. Benign stric-
tures were secondary to ureteric lithiasis, idiopathic, pel-
vic—ureteric junction obstruction, retroperitoneal fibrosis or
urinary diversion due to neurogenic bladder disorder. Post-
malignancy strictures were all due to an underlying gyneco-
logical, colorectal or urological neoplasia, previously treated
by chemo/radiotherapy and/or surgery before benefitting
from minimally invasive stricture management. All patients
with malignancy were considered cured or in remission prior
to ureteric dilatation attempt.

Preoperative work-up included radiographic investiga-
tion with CT scans with or without contrast, depending on
renal function and/or MAG3-renogram (focusing on outflow
obstruction and function of the affected kidney), and in one
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case, pre-operative magnetic resonance imaging (MRI). All
patients who had a nephrostomy had an antegrade pyelog-
raphy performed.

During surgery, contrast was injected with antegrade and
retrograde approach, if possible, to survey the stricture. A
guide wire was inserted through the stricture using retro-
grade or antegrade approach, under ureteroscopic guidance
if needed. In most cases, the guide wire was inserted using
an antegrade approach, through the ureter and out via the
urethra. Pulling the wire gently rendering it taught, i.e.,
holding a tight grip at both antegrade and retrograde ends,
facilitated balloon or dilatation catheter insertion through
the stricture.

Ureteral balloon dilatation was, by default, the first inter-
vention of choice. However, in some cases, dilatation cath-
eters were required instead. We used a 4 cm 15F UroMax
Ultra™ High Pressure Balloon Catheter (Boston Scientific,
Natick, MA, USA) at 20 atmospheres for 3 min under perio-
perative fluoroscopic guidance. If a stricture was hard and
tight and did not respond to dilatation with a 15-F balloon,
the dilatation was completed with a 21-F balloon. As for
dilatation catheters, 6-16-F Ureteral dilators (Boston Sci-
entific, Natick, MA, USA) were used. For incision by hol-
mium laser, we applied the effect of 1 J at 10 Hz. Immediate
result was checked by performing a perioperative antegrade
and/or retrograde pyelography. A 6-F ureteral double pigtail
stent (Percuflex™, Boston Scientific, Natick, MA, USA) was
inserted and left for 6 weeks after surgery. If the patient had
a percutaneous nephrostomy tube in situ, it was clamped but
left in place during these 6 weeks. An antegrade pyelogra-
phy was performed 2 weeks following stent removal. If the
patient did not have a nephrostomy, the first renal scintigram
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or CT urography was performed 2 weeks after stent removal.
If the result showed improvement, however, without meeting
our definition of successful treatment, a second dilatation
was performed within 4 weeks.

Successful treatment was defined as a stent/nephrostomy-
free patient with satisfactory passage of contrast medium on
control antegrade pyelography or CT urography, or MAG-3
scintigram, and a stable renal function. Patients who did not
meet these criteria after two consecutive dilatations were
considered as failures.

Stent- and nephrostomy-free patients were followed up
with a strict protocol including a CT urography and/or renal
scintigram (MAG-3) combined with renal function evalua-
tion with serum creatinine and estimated GFR at 3, 6, 12,
24 and 36 months.

Results

Fifty-nine consecutive patients met the inclusion criteria.
However, 16 patients were excluded, 13 of which required
invasive surgery due to failed access at first dilatation
attempt, i.e., the guide wire could not be passed through
the stricture. The other three patients were followed up in
another hospital. Consequently, 43 patients were included
in the study, 22 men and 21 women. The median age at the
time of surgery was 49.5 (83—16) years with a mean age of
61.1+14.6 years.

As represented in Fig. 1 and Table 1, 14/43 (32%) of
strictures were benign. Six cases were idiopathic and five
were secondary to ureteric lithiasis. One patient developed
a stricture after a pyeloplasty for a pelvic—ureteric junction
obstruction and another developed a distal stricture follow-
ing a urinary diversion due to a neurogenic bladder. Finally,
another patient developed a stricture due to a particularly
aggressive form of retroperitoneal fibrosis.

We identified that 29/43 (67%) of strictures were post-
malignant (Fig. 2). Eight patients had developed strictures
after a combination of surgery (colorectal, gynecological)
and radiotherapy; six patients after radical cystectomy; four
after radical prostatectomy; three after radiotherapy alone
and four patients after receiving Mitomycin or BCG for
ureteric transitional cell carcinoma. The remaining four
patients had had concomitant bladder cancer involving the
distal ureter.

Renal decompression prior to surgery was required in
30/43 (70%) of the patients. Of these, 24/30 (80%) had per-
cutaneous nephrostomy (PCN) insertion and 6/30 (20%) had
a double pigtail stent inserted.

Most patients, 32/43 (74%), were treated using retro-
grade balloon dilatation over a guide wire inserted using
an antegrade approach. Retrograde catheter dilatation was

performed in 10/43 (24%) and 1/43 (2%) underwent hol-
mium laser incision.

Overall, 34/43 (79%) patients were initially successfully
treated at 6-month follow-up. In the benign strictures group,
13/14 (93%) were successfully treated and there were no
recurrences seen at 36-month follow-up. One benign case,
1/14 (7%), failed minimally invasive treatment. This was
an unusual form of aggressive progressive retroperitoneal
fibrosis secondary to collagen colitis. The patient required a
Memokath 051™ (PNN Medical A/S, Kvistgaard, Denmark)
stent insertion, for ureteral patency maintenance 12 months
after the initial treatment [20-22].

Overall, within 36-month follow-up, 6/34 (17%) recur-
rences were observed, all of which occurred in the post-
malignant strictures group. Five out of the six recurrences
were initially >2 cm long, 3/6 with a stricture length > 5 cm.
Of the six recurrences, four recurred within the first
12 months, one within 24 months and the other within
36 months. Three out of six recurrences (50%) were suc-
cessfully re-dilated. Two re-dilated patients met successful
treatment criteria at 36-month follow-up from the last dilata-
tion, whereas one patient deceased earlier from progressive
malignancy. Of the remaining three patients, one required
a Memokath 051™ stent insertion [23, 24], the second a
permanent nephrostomy (both due to progressive malignant
disease), and the third patient was lost to follow-up. Conse-
quently, the overall success rate at 36-month follow-up was
31/43 (72%).

Immediate failures were seen in 9/43 (21%) cases. All of
these patients were considered not amenable to further surgi-
cal management. Of these, there was only one benign stric-
ture, which was secondary to progressive collagen colitis.
Of the post-malignant strictures, two were following cystec-
tomy, one a prostatectomy, two involved surgery combined
with radiotherapy, one radiotherapy, one ureteric malignancy
with tumor progression and one bladder cancer with distal
ureteric injury post-TURB followed by tumor progression.
Of the nine failures, 2/9 (22%) had strictures of >4 cm. In
the group of failures, a permanent percutaneous nephros-
tomy was required in 5/9 (56%) cases. A Memokath™ stent
was inserted in 3/9 (11%) patients and 1/9 (33%) benefitted
from bilateral stent insertion. Our material and results are
summarized in Table 1.

We had only four strictures developed following radical
prostatectomy in our cohort, one open and the others by
robotic-assisted technique. The open case was successfully
dilated in spite of a long (5 cm) stricture. This patient was
recurrence free at 6 months but needed a re-dilatation at
10 months. He was thereafter recurrence free until his death
from cancer progression at 24 months after initial treatment.

Six patients developed distal ureteric strictures after
radical cystectomy. Five out of six patients underwent open
cystectomy and 1/6 patient robotic-assisted cystectomy
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Fig. 2 Etiologies of ureteric strictures

with orthotropic bladder reconstruction. In the latter case
the stricture was left-sided and 4 cm long. Dilatation of the
stricture failed and the patient had bilateral percutaneous
nephrostomy catheters inserted due to cancer progression,
causing outflow obstruction.

In the open cystectomy group, two patients had stric-
tures > 2 cm and three strictures <2 cm. Only one failure
was observed in this group; once again a left-sided 4-cm
stricture combined with disease progression. This patient
had an ileal conduit requiring revision of the uretero-enteric
anastomosis 12 months after initial treatment. This failed
and the patient kept his nephrostomy. The remaining four
cases were a success at 6- and 36-month follow-up.

Discussion

Most strictures treated in our center (29/43, 68%) were post-
malignant, secondary to surgery (urology, gynecology or
colorectal) or radiation, or a combination of surgery and
radiotherapy, i.e., strictures requiring highly complex man-
agement. The majority required preoperative decompression.
In our series, balloon dilatation was the technique of choice,
used in 32/43 (74%) of our patients. Catheter dilatation was
used in 10/43 (24%) patients. We used the holmium laser
in one patient 1/43 (2%) with a proximal ureteral stricture
secondary to an impacted lithiasis.

Complex strictures, i.e., tight, long and post-malignant
strictures may need more than one treatment for a satisfac-
tory outcome. However, more than two sessions will prob-
ably not bring any further benefit. Seven out of 34 (21%)
of the successfully treated patients required two primary
dilatations to achieve satisfactory ureteric contrast passage.

In spite of the high complexity of the cases, we achieved
an overall success rate of 31/43 (72%). Our results were
comparable to, if not better than, those described in the
literature [2, 25-27]. Byun et al. report a success rate of
67 and 57% at 12 and 36 months, respectively, for benign
strictures, but only 18 and 14% success rate, respectively,

for a similar follow-up in malignant strictures [2]. Razdan
et al. report an overall 74% success rate (for a follow-
up ranging from 0.5 to 9 years) in 50 patients [26]. As
for Punekar et al., an overall success rate of 69% in a
16-patient retrospective study is reported, for a follow-up
period ranging from 15 to 53 months after procedure [27].

Our study underlines the latest EAU Guidelines “Grade
of recommendations”, stating that patients need long-
term follow-up and that late stricture recurrence may be
expected up to at least 18 months postoperatively [18].
We demonstrated that stricture recurrence can even occur
at 36 months and recommend a minimum of 36-month
follow-up for these patients, especially in post-malignant
strictures and stricture length >2 cm. Unfortunately, ure-
teric strictures have a recurrent pattern. Within 36-month
follow-up 6/34 (17%) patients had recurred. However, 3/6
(50%) of recurrent strictures were successfully re-dilated;
the remaining half presented with progressive malig-
nant disease, no longer amenable to minimally invasive
approach.

Immediate failures were observed in 9/43 (21%) of the
patients. All but one were complex malignant cases with
progressive disease. The only benign case was a patient
with rapid progression of a retroperitoneal fibrosis second-
ary to collagen colitis. This study also showed that stric-
tures of >2 cm may be successfully treated with dilatation.
We had two patients who fully responded to treatment, in
spite of their ureteric stricture length of >4 cm. Despite
the complexity and the advanced nature of the strictures,
the overall success rate was high. Our results highlight that
minimally invasive treatment is always worth attempting,
even if the stricture may appear radiologically challeng-
ing. Our study demonstrated that balloon dilatation may
be recommended as treatment of choice.

Although our center is a high-volume reference center
for cystectomy and prostatectomy, we had very few stric-
tures from this particular patient group, which is compa-
rable to the previously published studies [28]. All stric-
tures in the cystectomy and prostatectomy groups were
distal, most probably due to ischemia, following extensive
dissection.

Moreover, more strictures were observed after open
radical cystectomy, in line with current publications [29].
These strictures, as those observed post-prostatectomy,
were presumably secondary to ischemia in the context
of extensive dissection. It is noteworthy that these cases
responded well to minimally invasive management.

The limits of this study are its retrospective, single-
center nature and its small number of patients. A rand-
omized controlled, multi-centric study needs to be carried
out.
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Conclusion

Minimal invasive treatment, preferably using balloon dila-
tation in the first instance or catheter dilatation, is an alter-
native well-worth attempt in benign and post-malignancy
strictures if access is feasible. In this study, the overall suc-
cess rate was 72% at 36-month follow-up. Dilatation may
need to be repeated to achieve success, at initial treatment as
well as in late recurrences. Strictures may recur after more
than 30 months. Patients benefit from long-term follow-up
in adherence to a strict protocol.

Author contributions CR: Data collection, data analysis, and manu-
script writing/editing. MB: Protocol/project development and manu-
script editing.

Funding None

Compliance with ethical standards

Conflict ofinterest C. Reus and M. Brehmer have no conflicts of inter-
est to declare.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
For this type of study, formal consent is not required. This article does
not contain any studies with animals performed by any of the authors.

Informed consent For this type of study formal consent is not required.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

REFERENCES

1. Hafez KS, Wolf JS Jr (2003) Update on minimally invasive man-
agement of ureteral strictures. J Endourol 17(7):453—-464

2. Byun S-S, Kim JH, Oh S-J, Kim HH (2003) Simple retrograde
balloon dilation for treatment of ureteral strictures: etiology-based
analysis. Yonsei Med J 44(2):273-278

3. Goldfischer ER, Gerber GS (1997) Endoscopic management of
ureteral strictures. J Urol 157(3):770-775

4. Richter F, Irwin RJ, Watson RA, Lang EK (2000) Endourologic
management of benign ureteral strictures with and without com-
promised vascular supply. Urology 55(5):652-657

5. Richter F, Irwin RJ, Watson RA, Lang EK (2000) Endouro-
logic management of malignant ureteral strictures. J Endourol
14(7):583-587

6. Gnessin E, Yossepowitch O, Holland R, Livne PM, Lifshitz DA
(2009) Holmium laser endoureterotomy for benign ureteral stric-
ture: a single center experience. J Urol 182(6):2775-2779

7. Singal RK, Denstedt JD, Razvi HA, Chun SS (1997) Holmium:
YAG laser endoureterotomy for treatment of ureteral stricture.
Urology 50(6):875-880

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Watterson JD, Sofer M, Wollin TA, Nott L, Denstedt JD (2002)
Holmium: YAG laser endoureterotomy for ureterointestinal stric-
tures. J Urol 167(4):1692—-1695

Lin C-M et al (2009) Holmium: yttrium-aluminum-garnet laser
endoureterotomy for benign ureteral strictures: a single-centre
experience. Acta Chir Belg 109(6):746-750

Lane BR, Desai MM, Hegarty NJ, Streem SB (2006) Long-term
efficacy of holmium laser endoureterotomy for benign ureteral
strictures. Urology 67(5):894-897

Laven BA, O’Connor RC, Steinberg GD, Gerber GS (2001)
Long-term results of antegrade endoureterotomy using the hol-
mium laser in patients with ureterointestinal strictures. Urology
58(6):924-929

Hibi H, Ohori T, Taki T, Yamada Y, Honda N (2007) Long-term
results of endoureterotomy using a holmium laser. Int J Urol
14(9):872-874

Kourambas J, Delvecchio FC, Preminger GM (2001) Low-power
holmium laser for the management of urinary tract calculi, struc-
tures, and tumors. J Endourol 15(5):529-532

Corcoran AT, Smaldone MC, Ricchiuti DD, Averch TD (2009)
Management of benign ureteral strictures in the endoscopic era. J
Endourol 23(11):1909-1912

Gdor Y, Gabr AH, Faerber GJ, Roberts WW, Wolf JS (2008)
Success of laser endoureterotomy of ureteral strictures associ-
ated with ureteral stones is related to stone impaction. J Endourol
22(11):2507-2511

Fu Y et al (2009) Treatment of ureteral obstruction by holmium:
YAG laser endoureterotomy: a report of 18 cases. Zhonghua Yi
Xue Za Zhi 89(5):335-337

Razdan S, Silberstein IK, Bagley DH (2005) Ureteroscopic
endoureterotomy. BJU Int 95(Suppl 2):94-101

Herrmann TRW, Liatsikos EN, Nagele U, Traxer O, Merseburger
AS (2012) EAU guidelines on laser technologies. Eur Urol
61(4):783-795

Hafez KS, Wolf JS Jr (2003) Update on minimally invasive man-
agement of ureteral strictures. J Endourol 17(7):453—464
Papatsoris AG, Buchholz N (2010) A novel thermo-expandable
ureteral metal stent for the minimally invasive management of
ureteral strictures. J Endourol 24(3):487-491

Kabir MN et al (2011) Use of a long-term metal stent in complex
uretero-ileal anastomotic stricture. Arab J Urol 9(4):251-253
Bach C et al (2013) A Self-expanding thermolabile nitinol stent
as a minimally invasive treatment alternative for ureteral strictures
in renal transplant patients. J Endourol 27(12):1543-1545
Agrawal S, Brown CT, Bellamy EA, Kulkarni R (2009) The
thermo-expandable metallic ureteric stent: an 11-year follow-up.
BJU Int 103(3):372-376

Bier S et al (2017) The thermoexpandable nitinol stent: a long-
term alternative in patients without nephropathy or malignancy.
Scand J Urol 51(5):388-391

Lucas JW, Ghiraldi E, Ellis J et al (2018) Endoscopic management
of ureteral strictures: an update. Curr Urol Rep 19:24

Razdan S, Silberstein IK, Bagley DH (2005) Ureteroscopic
endoureterotomy. BJU Int 95(Suppl 2):94-101

Punekar SV, Rao SR, Swami G, Soni AB, Kinne JS, Karhadkar
SS (2000) Balloon dilatation of ureteric strictures. J Postgrad Med
46(1):23-25

Sotelo RJ et al (2016) Safer surgery by learning from complica-
tions: a focus on robotic prostate surgery. Eur Urol 69(2):334-344
Tyritzis SI et al (2013) Oncologic, functional, and complications
outcomes of robot-assisted radical cystectomy with totally intra-
corporeal neobladder diversion. Eur Urol 64(5):734-741


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Minimally invasive management of ureteral strictures: a 5-year retrospective study
	Abstract
	Introduction 
	Purpose 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	REFERENCES




