Urinary
Stents

tate and
erspectives

Curr

Futt

~ederico Soria
Duje Rako
Petra de Graaf
Editors

@ Springer



Urinary Stents



Federico Soria * Duje Rako ¢ Petra de Graaf
Editors

Urinary Stents

Current State and Future Perspectives

. O coskE
@ Springer B e



Editors

Federico Soria Duje Rako
Foundation Croatia PolyClinic
Jesis Usén Minimally Invasive Zagreb, Croatia
Surgery Center

Céceres, Spain

Petra de Graaf
University Medical Center Utrecht
Utrecht, The Netherlands

This book is an open access publication.

ENIUS. CA16217. European Network of multidisciplinary research to Improve the Urinary
Stents

ISBN 978-3-031-04483-0 ISBN 978-3-031-04484-7 (eBook)
https://doi.org/10.1007/978-3-031-04484-7

© The Editor(s) (if applicable) and The Author(s) 2022

OpenAccess This book is licensed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as 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.

The images or other third party material in this book are included in the book's Creative Commons
license, unless indicated otherwise in a credit line to the material. If material is not included in the book's
Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-031-04484-7
http://creativecommons.org/licenses/by/4.0/

We would like to dedicate this book to the
people who are the main reason for our daily
work in our different areas of knowledge
such as R&D, healthcare and innovation.....
the patients. The aim of all health
technological developments should be to
improve the quality of life of patients. We
would also like to thank Dr. Monica Pérez-
Cabero, Milena Stoyanova and Fernanda
Carrizosa for their support, and also express
our gratefulness to all the authors involved
in this book for sharing their wide-ranging
knowledge.



Preface

The aim of this book is to provide a multidisciplinary overview of an area of knowl-
edge that affects a multitude of patients worldwide on a daily basis and that unfor-
tunately shows a slow technological development. The main reasons for the lack of
innovation in the development of urinary stents and catheters are, on the one side,
the characteristics of the urinary tract, urine and the particularities of the research
groups involved. The urinary tract shows challenging characteristics for the place-
ment of urinary stents and catheters, both at the level of the upper and lower urinary
tract. The peristalsis, the urinary microbiome, the ease of biofilm formation on the
surface of urinary medical devices, as well as the changes that occur when placing
a ureteral stent such as invalidation of the anti-reflux system of the ureterovesical
junction, and the high sensitivity of the bladder trigone cause manifest drawbacks in
patients. On the other hand, urine is a fluid supersaturated with mineral salts, which
represents a very hostile environment for biomaterials, both polymeric and metallic,
leading to a series of side effects with stents and catheters that favour encrustation
and bacterial contamination. This leads to the failure of these medical devices in
daily clinical practice. In addition to all these limitations, which make the urinary
tract a complicated area for innovation in indwelling medical devices, the research
groups involved in the improvement of these devices are composed of a small num-
ber of researchers and are groups generally isolated from each other. It is logical to
think that the possibility of improving urinary stents and catheters will come from a
wider and mainly multidisciplinary approach, as many different disciplines are
needed to overcome the current pitfalls. Not only urologists are important, because
although they are the ones who know the limitations of the current urological arma-
mentarium, technological development is also the responsibility of other areas of
knowledge. These include bioengineering, chemical engineering, microbiology,
experts in coatings, in new polymers, in biomaterials, translational researchers,
experts in new metal alloys, etc. And to this large group of researchers it is also
necessary to include physicists, mathematicians and experts in an area that affects
the urinary tract and the medical devices that are placed inside it, which is fluid
dynamics.
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viii Preface

This is precisely the proposal of the COST Action (CA16217) that has developed
this book. ENIUS, European network of multidisciplinary research to improve the
urinary stents, is a multidisciplinary network of experts whose aim is to work
towards overcoming the current limitations in this area of knowledge. The enhance-
ments in the collaboration through a multidisciplinary network allow the detection
of the most important factors that cause urinary stent failure. Not only from a clini-
cal point of view, but concerning also aspects as industrial design and the use of
different biomaterials and new antimicrobial coatings. Therefore, the great differ-
ence of our proposal with regard to the current books on urinary stents is the multi-
disciplinary approach that allows a broad view of the current limitations, but above
all of the lines of development and innovation that are being worked on today. As
well as the proposal of new lines of research and future technological development
that we believe will be implemented in the next few years, to improve the character-
istics of the stents and mainly to improve the quality of life of patients, which is the
aim of all technological development. This multidisciplinary feature broadens the
interest of the book not only to urologists or medical students interested in increas-
ing their knowledge, but also integrates a wide group of researchers who dedicate
their efforts to biomaterials, new designs, and coatings of urinary devices.

The European Cooperation in Science and Technology is an EU programme
funding interdisciplinary research networks in Europe and beyond. These networks,
called COST Actions, provide open spaces where researchers and innovators can
connect, collaborate, and grow their ideas together. COST is dedicated to the cre-
ation of pan-European research networks in all science and technology fields. Their
strategic priorities are very accurate: Promoting and spreading excellence; fostering
interdisciplinary research for breakthrough science; empowering and retaining
young researchers and innovators. Therefore, COST Actions is a network, open for
young and experienced researchers and innovators collaborating in all fields of sci-
ence and technology of common interest, based on a joint work programme lasting
4 years.

The aims and scope of work of the multidisciplinary ENIUS network are
described in the COST Memorandum of Understanding of 23/06/2017 (cost.eu/
actions/CA16217/). The first aim of this Action is to create a multidisciplinary
group to identify the inherent pitfalls in current urinary stents, related to its design,
composition, biomaterials, coatings, encrustation, interactions between urinary
tract stents and fluid dynamics, morbidity of urinary stents and assessing the draw-
backs from different points of view. And of course, propose consensus recommen-
dations from our experts on the current weaknesses of urinary stents. Our capacity
goals have been consolidated into a multidisciplinary network actively involved in
urinary stents research to facilitate scientific knowledge exchange; to create a cohort
of skilled bioengineer/researchers with experience in stents by providing training
courses and supporting exchange visits between Research Centres or Hospitals.
Finally, ENIUS has played a key role in providing links between researchers and
industrial communities/partners. The transfer of technological knowledge to indus-
try is a major factor in bringing basic and translational research to industry. From
bench to bedside and beyond.
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ENIUS was launched in September 2017 and has been composed of up to 204
researchers from different disciplines such as medicine, bioengineering, biomateri-
als, translational research, coatings, etc. A total of 30 European countries as well as
Canada, USA, Republic of Korea and India joined the network. During the 4.5 years
of its lifetime, our network has developed up to 24 activities of dissemination of
scientific activities related to its aims, mainly in face-to-face mode, but also with the
use of videoconference tools to overcome movement restrictions due to the severe
COVID pandemic. A total of 590 registered participants have attended our dissemi-
nation of scientific and technological activities. During these years, up to 28 STSM
(Short Term Scientific Missions Grants) have been carried out between different
organisations in different countries, with the aim of training young researchers in
new techniques, not available in their workplaces. This exchange reduces the weak-
nesses of the research groups that make up ENIUS, as well as strengthening research
links in urinary stents. Also noteworthy is the production of 15 scientific papers
describing current and future lines of research in urinary stents, which are the result
of the collaboration of the multidisciplinary groups that join in the COST Actions.
The scientific production, as well as scientific dissemination activities, can be found
at www.enius.org.

The Action is organised in six multidisciplinary Working Groups. State of art of
Urinary stents (WG1) is led by D. Rako (Croatia) and P. de Graaf (Netherlands);
this WG will focus its work in analysing the current literature on ureteral, urethral
and prostatic stents. Computational simulation, Biomedical fluid dynamics,
Biomechanical characterization (WG2) led by S. Waters (UK) and F. Clavica
(Switzerland) focused on exploring the in silico assessment and flow dynamics in a
stented ureter. Methodology for the development and validation of new stent designs
(WG3) led by S. Stavridis (North Macedonia) and W. Kram (Germany) has been
responsible for developing the methodology and validation protocols for future uri-
nary tract stents. Biomaterials and stent coatings (WG4) led by A. Barros (Portugal)
and E. O’Cearbhaill (Ireland) has worked on the search of new biomaterials-
nanomaterials and coatings with improved behaviour at urinary tract when used for
developing urinary stents. Drug Eluting Stents (WGS), led by G. Ciardelli (Italy)
and E. Tofail (Ireland), follows the idea to add drugs onto the urinary stent surface
to reduce stent-related adverse effects and release drugs locally in the urinary tract.
And finally, New research lines (WG6) is dedicated exclusively to proposing
forward-looking solutions such as Bioactive-Antibody, Biocovered stents,
Biodegradable, Nanotechnology and Bioprinting, led by N. Buchholz (UK),
A. Abou-Hassan (France) and 1. Skovorodkin (Finland).

The work carried out in the preparation of this book has been distributed in six
sections that mainly correspond to the six ENIUS WGs. The first group of chapters
focuses on “Current state and clinical applications”; the second is dedicated to the
research groups that make up WG2, “Fluid dynamics and urinary stents”. The next
section of chapters is dedicated to “Design assessment and validation methods”,
managed by WG3. The last chapters describe the innovative research in “Urinary
biomaterials” and “Coatings to reduce the biofilm formation” along with other that
focus in “new designs and future developments”, carried out the members of WG6.
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X Preface

Therefore, the book that we present represents the work of more than 40 research
and clinical groups that provide a multidisciplinary update of great importance by
focusing on the problems and above all the solutions from different points of view,
which allows a deeper understanding of the current weaknesses of urinary stents,
but also addresses the improvement of stents from a multidisciplinary perspective,
necessary to reduce the adverse effects of urinary stents, to provide new therapeutic
devices to urologist, and as a result improve the quality of life of patients.

We hope that the information provided in this book will be useful to researchers
and clinicians and that it will inspire the development of new urinary stents.

Céceres, Spain Federico Soria
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Present and Future of Urinary Stents )

Federico Soria

1 Introduction

Urinary catheters or stents are medical devices widely used in daily urological prac-
tice. Their indications are widespread, although they are mainly used to allow inter-
nal drainage of urine, either at the ureteral or urethral area. Its use as an internal
scaffold is also widely used in patients to promote both first and second intention
healing at the urinary tract, after a large number of surgical techniques. It is also
widely used in oncology patients to mitigate extrinsic compression and obstructive
uropathy, in which case both plastic stents and mainly metallic stents are used. The
metal stents have a greater mechanical strength to compression and provide a more
appropriate drainage than plastic stents.

Their use is currently very common, reaching more than 80% in patients who
have undergone endourological intervention for the resolution of renal or ureteral
lithiasis [1]. This gives us an idea of its implantation in lithiasis disease which, as is
well known, is increasing its appearance due to the change in dietary habits of the
population, mainly in Western countries, although the rates in countries such as
China have increased significantly in the last two decades [2].

Unfortunately, urinary stents are associated with high rates of side effects and
complications that significantly decrease the quality of life of patients [3]. Therefore,
despite their evident usefulness in urological clinical practice, their use should be
subject to an important medical evaluation to balance the benefits against the side
effects, as well as the possible complications associated with current urinary stents.

F. Soria (D<)
Foundation, Jesis Uson Minimally Invasive Surgery Center, Caceres, Spain
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More than 80% of patients with ureteral stents have significant adverse effects
affecting their quality of life, sex life and compromising their labor life [4]. In the
case of metallic, ureteral or urethral stents, despite the improvements in design and
biomaterials that have appeared in the last decade, their use is essentially reduced
to oncological patients with short life expectancy [5]. In the latter case, that of
metallic stents in urology, their residual use differs from the widespread and suc-
cessful use of metallic stents in areas such as cardiology or vascular diseases. This
huge difference between such similar devices in different anatomical regions is
related to two aspects that differentiate both areas of knowledge, on the one hand,
the resources devoted to research and on the other hand, the peculiarities that dif-
ferentiate the blood vessels of the urinary tract. With regard to the peculiarities of
the urinary tract, the first major difference between blood and urine is its relation-
ship with biomaterials. Due to the use of anticoagulants, the interactions of the
components that make up the blood with the biomaterials that make up the stent are
significantly reduced. Another factor that differentiates the side effects of vascular
stents from urinary stents is the fact that vascular stents tend to be endothelialised,
thus ceasing to act as a foreign body, a circumstance that is not common in the
urinary tract. The presence of ureteral or urethral peristalsis is perhaps one of the
major pitfalls associated as a primary cause of failure in urinary metallic stents, a
complication that does not occur in the vascular system, although it does in the
digestive tract. This peristalsis causes a high migration rate and the appearance of
urothelial hyperplasia that can become obstructive [6]. Another cause of the differ-
ences in stent deployment and success rate is the common urinary bacterial con-
tamination, with a 100% probability of developing a biofilm on the stent surface
and thus developing encrustations that can become obstructive. Although several
modifications of the stent surface to reduce biofilm formation and bacterial coloni-
zation have been investigated at the moment no available biomaterials or coatings
have been proven to prevent or reduce biofilm formation to a clinically relevant
extent [7].

If we define biocompatibility as, the utopian state where a biomaterial presents
an interface with a physiological environment without the material adversely
affecting that environment or the environment adversely affecting the material.
From the perspective of a biologic environment affecting the biomaterial, there
are currently no biomaterials used in the urinary tract that are perfectly biocom-
patible. Unfortunately, urine as a liquid so saturated with salts creates a perfect
storm, with a hostile environment for the implantation of biomaterials and the
prolonged exposure to the urinary environment is not favourable to diminish their
effects.

So, given the clinical requirement for the use of urinary stents and their clearly
unacceptable adverse effects, the need to improve these medical devices and the
research to do so is understandable. Firstly, a great technological development is
needed to meet the needs of both patients and urologists for more effective medical
devices with fewer associated side effects [8].
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2 ENIUS Network

This is the main objective of this manuscript which arises from a European initiative
supported by the COST Actions. It is clear that research in this area of knowledge
has several limitations that have led to a slowdown in the innovation of urinary
stents. Therefore, the creation of a European network dedicated to bring together
different groups interested in urinary stents was the first step to break the slow tra-
jectory of research in this medical device. ENIUS, European Network of
Multidisciplinary Research to Improve the Urinary Stents, was born in 2017 with
the aim of addressing the improvement of stents from a multidisciplinary point of
view. We are aware that it is from this type of approach that progress can be made,
since urinary stents need such different visions for their improvement as clinical
urology, the industrial partners themselves, but also researchers in biomaterials or
coatings, researchers in fluid dynamics, or microbiologists due to the permanent
relationship between micro-organisms and stents and the urinary microbiome itself
complete a plethora of researchers willing to improve stents. Therefore, bringing
together so many ways of approaching the same problem can only generate knowl-
edge. Another aspect to overcome in this field of knowledge is the great fragmenta-
tion of existing groups, which only leads to isolation. Cooperation between groups
benefits everyone involved, as it allows the strengths of each group to be shared and
the weaknesses of each group to be mitigated by other groups. The fact of being a
multidisciplinary and cooperative network has allowed all participants to grow, to
train young researchers who are aware of this important question and its social
repercussions. Above all, it allows us to trust that the seed of innovation and devel-
opment of new stents is in good hands, which benefits patients. It should not be
forgotten that the aim of all research is to improve the lives of patients [9].

3 Conclusions

This book brings together the experience and expertise in urinary stents of the lead-
ing researchers in urinary stents. Not only because it addresses the present of uri-
nary stents from a clinical point of view, but also because it includes the most
innovative groups and future approaches.
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Indications, Complications and Side
Effects of Ureteral Stents

Daniel Pérez-Fentes, Javier Aranda-Pérez, Julia E. de la Cruz,
and Federico Soria

1 Indications of Polymeric Double J Stents

Double J stents are used in a wide variety of scenarios, which we will divide into
two groups of indications for didactic purposes: prophylactic and therapeutic.

1.1 Prophylactic Indications

The insertion of a double J stent can prevent the advent of perioperative complica-
tions in specific procedures involving the upper urinary tract. These interventions
are mainly focused on urinary stone management, followed by reconstructive
procedures.
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1.1.1 Stone Interventional Treatment

Stents can be placed either before or after stone treatment interventions, for differ-
ent reasons. Overall, they aim at minimizing the risk of obstruction due to frag-
ments, blood clots or edema after ureteral manipulation [1].

Prior to shock wave lithotripsy (SWL), ureteral stents try to prevent ureteral
obstruction secondary to the passage of stone fragments or the formation of a stein-
strasse after the treatment. Although very common in the past, it has been demon-
strated that this practice doesn’t increase the stone free and auxiliary treatment
rates. Stenting is generally recommended for stones larger than 1.5-2 cm in diam-
eter, since SWL in these situations will generate more fragments possibly leading to
ureteral obstruction. Currently, these stone burdens are more efficiently treated by
flexible ureteroscopy or miniaturized percutaneous surgery, in which a preoperative
stent is not usually required. However, whenever SWL is the treatment of choice in
these cases, double J stenting and its morbidity should be discussed with the patients,
as well as the probable need for further lithotripsy sessions [2—-6].

Prior to ureteroscopy or retrograde intrarenal surgery, the use of a double J stent
aims at creating a passive dilation of the ureter that eases the insertion of the ure-
teroscope or the ureteral access sheath [7].

This maneuver was very common in the past due to the size of the ureteroscopes
available, since not all the ureters admitted such large calibers of endoscopes or
ureteral access sheaths. There are data in the literature that show that pre-stenting
should lead to better stone-free rates and lessen the incidence of complications, but
this finding is mainly based on retrospective studies and is therefore controver-
sial [8-11].

Besides these data, primarily from old series, our opinion and that of the urologi-
cal guidelines is that with the current armamentarium preoperative stenting should
not be systematically recommended. However, placing a double J is advised when
the access sheath or the ureteroscope does not go up smoothly into the ureter, in
order to create a passive dilation which should allow the passage of these instru-
ments in 1-2 weeks [12, 13].

Post ureteroscopy, be it semirigid or flexible, the use of double J is not routinely
recommended, and the stenting decision must be analyzed individually. Clinicians
must weigh up the risk of readmission when not leaving a stent against the morbid-
ity of bearing it. Overall, stenting should be mandatory when there is ureteral dam-
age, high risk of obstruction due to edema, fragments or blood clots, when an
infective complication occurs or is likely to happen in the postoperative period, as
well as in all doubtful cases [14-19].

Besides these recommendations, many groups place double J stents following
ureteroscopy in the majority of cases, with considerable differences across countries
[20]. In general, when a ureteral access sheath is used, many authors recommend
leaving a double J stent at the end of the procedure, due to the considerable inci-
dence of ureteral wall lesions found as a result of the insertion of these sheaths [21].
Therefore, it is advisable to endoscopically review the ureter after these procedures
to have more information regarding the urothelium status before the decision to
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stent [22]. Nevertheless, there is a randomized trial showing that omitting the stent
in these cases should be safe and feasible, mainly if the patient has been pre-stented
[22, 23].

There are no solid data on the ideal indwelling time, but the vast majority of
groups advocate for 1-2 weeks. In some situations, leaving a ureteral stent over-
night or a double J on strings for 2-3 days are reasonable alternatives that can lessen
the morbidity of bearing a stent for 2 weeks or longer [24-26].

Post percutaneous surgery, the use of double J has been increased in the last years
due to the more frequent practice of tubeless surgeries. The decision of leaving a
double J after these procedures instead of performing a totally tubeless surgery is
mainly based on the surgeon’s experience, the characteristics of the case and patient
preferences. In this regard, some patients will opt for a percutaneous approach
instead of a retrograde surgery in order not to bear a ureteral stent and its symptoms.
When endoscopic combined intrarenal surgery is performed, the stenting decision
follows the same principles as those previously detailed for ureteroscopic proce-
dures [27].

1.1.2 Renal Transplantation

Ureteral stenting after renal transplantation should contribute for a watertight
uretero-neocystostomy, preventing or minimizing urinary leakage that might lead to
stricture [28]. A meta-analysis including five randomized controlled trials demon-
strated that stented anastomoses have lower complication rates [29].

Due to the characteristics of the ureter in this indication, the length of the cath-
eter used must be considerably shorter. Again, there is no optimal timing for stent
removal after transplantation, being 2—4 weeks of indwelling time in the majority of
series [30].

1.1.3 Reconstructive Surgery of the Upper Urinary Tract

Pyeloplasty, endopyelotomy, pyelolitectomy, ureteral stricture repair, ureteral
trauma repair, etc.

Once more, the objective of the ureteral stent is to help in the healing process of
the urinary tract, serving as a scaffold and preventing urinary leaks. In these indica-
tions, stents are traditionally removed after 4 weeks, although this dwelling time
may be shortened reducing infection risk and morbidity to the patient [31, 32].

1.1.4 Non-urological Procedures Involving Ureteral Dissection
Placing a ureteral stent (either open-end straight or double J) before specific abdom-

inal surgeries where a complex ureteral dissection is suspected makes it easier to
identify the ureter during these maneuvers and may prevent accidental injuries. The
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pros and cons of this endoscopic intervention should be discussed with the patients.
When the ureter has not been damaged during the surgery, these stents can be imme-
diately removed or left overnight [33-35].

1.2 Therapeutic Indications

The insertion of a double J ureteral stent aims to drain an obstructed or damaged
upper urinary tract.

1.2.1 Decompression of an Obstructed Collecting System

This is the most frequent indication for double J stenting, which needs to be per-
formed in the emergency context or on a scheduled basis, depending on the severity
of the case. Urinary drainage must be promptly performed in all cases of obstruction
with sepsis, acute renal insufficiency or anuria due to bilateral obstruction or in soli-
tary kidneys, as well as when there is uncontrollable pain. In some groups, percuta-
neous nephrostomy is preferred in infective situations, although to date there is no
data to demonstrate which of these two drainage options is superior [36-38].

1.2.2 Conservative Treatment of Upper Urinary Tract Trauma

Depending on the severity of the damage, these injuries can be conservatively man-
aged with a double J. Stenting provides canalization, reduces urinary leakage and
might decrease the risk of strictures. In this scenario, bladder catheterization is

advised to prevent backflow of urine through the double J ureteral stent into the
upper tract [39, 40].

2 Ureteral Stents Complications

2.1 Intraoperative
2.1.1 Failure of Endoscopic Ureteral Stenting
On some occasions, it is not possible retrograde drainage of the upper urinary tract.

It may be due to intrinsic cause (urothelial neoplasms) or extrinsic compression
such us retroperitoneal fibrosis or tumours of the abdominopelvic area. It is
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necessary to treat it (especially if chemotherapy is required). Accordingly, the first
treatment option is placing a retrograde ureteral stent However, the rate of stent
failure is high, with a range failure rate between 12.2% and 34.6%. Guacheta-
Bomba et al. found that cystoscopies result such as the bladder invasion or defor-
mity of the trigone or the age >65 years old are negative factors when attempting an
endoscopic urinary drainage [41]. Therefore, it should be considered percutaneous
nephrostomy, whether retrograde drainage is not achieved, in order to maintain
renal function until obstruction cause is resolved (Figs. 1, 2, 3, and 4).

Fig. 1 Ureteral orifice
stricture

Fig. 2 Ureteral orifice
balloon dilatation
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Fig. 3 Ureteral orifice
involvement by urothelial
carcinoma

Fig. 4 Transurethral
resection of bladder tumor
in ureteral orifice

2.1.2 Ureteral Erosion or Perforation

It’s a rarest complication of ureteral stent placement. The stent placement should be
carefully. It is recommended to previously perform a retrograde pyelography, thus
opacifying the upper urinary tract. Special care should be taken in cases of almost
complete obstruction of the ureter where the passage of the stent can be complex
and the ureteral wall more fragile. If observe any resistance during its progression,
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never use force, but observe what’s happening on the fluoroscopy assessment. If
find urinary leak or extravasation, it means ureteral injury. The stenting should be
enough to solve the complication, allowing the ureter to heal around the stent, like
an internal scaffold.

2.1.3 Stent Malposition

Malposition of a stent is defined as an incorrect position relative to initial placement
[42]. A badly placed stent may be in a sub-pyelic position, if the proximal end does
not reach the renal pelvis, and in a supravesical position when the distal end is can
be found in the ureter. The causes of this complication are mainly due to the place-
ment technique, both endoscopy or fluroscopy placement. This is the reason that it
is so important to check the correct location of the stent after it has been placed. An
appropriate length is important to avoid this complication.

2.2 Early Complications (2-4 Weeks)
2.2.1 Stent Discomfort

Pain associated with ureteral stents is one of the most common symptoms in patients,
with an up to 80% rate of incidence [43]. This pain can be triggered by several rea-
sons: vesicoureteral reflux causing an upward increase in intra-ureteral pressure,
related to flank pain; ureteral spasms mainly associated with the distal ureter; and
irritation of the bladder mucosa associated with the presence of a bladder foreign
body [44]. However, it should be highlighted that the etiology of the pain remains
unknown to date.

Mainly, it is related to two separate regions in which pain is reported by patients.
Up to 60-77% of patients describe the manifestation of flank pain, which is primar-
ily but not exclusively associated with micturition and VUR caused by the stent. The
incidence of suprapubic pain, with up to 38%, is associated with adverse effects at
this level related to bladder pigtail and irritation of the bladder trigone [45].

2.2.2 Vesicoureteral Reflux

The UV (ureterovesical junction) is a fundamental structure that protects the upper
urinary tract from intermittent high pressures in the bladder. The UVJ allows,
through its transient opening, the passage of urine into the bladder and prevents
retrograde flow into the kidneys during the micturition. A number of factors are
involved in the proper working of this anti-reflux mechanism: an appropriate length
of intravesical ureter, an oblique angle of insertion of the ureter into the bladder and
proper smooth muscle and extracellular matrix development, able to compress the
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ureteral orifice. Any abnormality in these features leads to retrograde flow of urine
or VUR [46].

Vesicoureteral reflux is one of the most important drawbacks in ureteral stenting.
This side effect usually appears during the voiding phase of micturition, when the
pressure in the bladder increases and the stent, leaving an open communication
between the bladder and the ureter, causes the urine to retrograde flow of urine [47].

Regarding the overall VUR rate in stented patients, it’s 62-76%, with 80% dur-
ing the voiding phase compared to 63% during the filling phase [48, 49].

In order to avoid this side effect there have been advances in stent design such as
the one with anti-reflux valve, the most widely used. This stent is composed by a
standard stent in which the bladder end adds a bag that encompasses the distal end
of the stent. Therefore, this kind of stent just blocks the reflux that rises through the
internal channel nor the one that can be produced around stent, the periprosthetic
flow. Ecke et al. compare this stent with the standard ureteral stent and conclude that
reduce the side effects of stents, improving quality of life, as well as being cost-
effective [50]. There have been other inventions that have also incorporated a valve
at the bladder end in order to prevent ureteral reflux such as McMahon et al. and
Ramachandra et al. [51, 52].

2.2.3 Ureteral Smooth Muscle Spasm

A ureteral stent in the upper urinary tract, in addition to changing the dynamics of
urinary flow, also has an impact on ureteral myogenic activity [53]. The increase in
pressure that occurs is responded to by an increase in ureteral peristalsis during the
first few hours and during this period, spasms of the smooth muscle layer of the
ureter [54]. These smooth muscle spasms are triggered by the stimulation of
al-adrenergic receptors, present at the ureteral and trigone-bladder level, which
causes these contractions [55]. These contractions are more important at the level of
the ureterovesical junction and distal ureter, corresponding to the higher density of
nerve tissue concentrated in the adventitia and smooth muscle layer in these two
regions [56].

2.2.4 Lower Urinary Tract Symptoms

Lower urinary tract symptom’s (LUTS) are frequent and are clearly attributed to
bladder urothelium irritation by a vesical stent end which triggers inflammation and
overactivity of the bladder detrusor [57]. LUTS are classified into filling symptoms,
emptying symptoms and post-mictional symptoms [58].

In a prospective analysis of the prevalence of symptoms, tolerability and com-
plications of the ureteral stent and its impact on quality of life. Patients completed
two questionnaires before stent placement, 7 days after placement, and 14 days
after removal. The results concluded that 7 days after stent placement, patients
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experienced a significant increase symptom in terms of urinary frequency, dysuria,
suprapubic pain, urgency and macroscopic hematuria, and a considerably lower
quality of life. Alpha blockers, anticholinergics or beta-3 adrenergic agonists can
be used to reduce the incidence of stent associated symptoms. Another strategy to
achieve a decrease in associated symptoms is prevention: a smaller stent diameter
and a proper stent length in order avoid distal loop crossed the bladder mid-
line [59].

2.3 Late Complications (>2-4 Weeks)
2.3.1 Urinary Tract Infection (UTT)

Bacterial colonisation of the stents, with an overall rate of 42-90%, is a significant
drawback, leading to biofilm formation and the development of bacteriuria and UTI
[60]. European Association of Urology recommends, it is indicated prophylactic
antibiotics either trimethoprim, trimethoprim-sulphamethoxazole, cephalosporin
group 2 or 3 or aminopenicillin plus a beta-lactamase inhibitor, before the place-
ment of a ureteral stent in order to prevent urinary tract infections, but, unfortu-
nately, they are not enough [61]. It has been reported that colonisation occurs as
early as 24 h after stent insertion, but it is not meant to cause infection [62]. The
most common organisms isolated from stents are E. coli, Pseudomonas aeruginosa,
Staphylococcus spp., and Enterococcus spp. [63]. Kris R et al. found that only about
25% of colonised ureteral stents are associated with positive urine cultures. They
also demonstrated that dwell time of the stent is the strongest predictor of clinical
urinary tract infection [64].

This susceptibility of stents to bacterial colonisation promotes the development
of UTIs, which in some cases can trigger significant complications such as acute
pyelonephritis, bacteriuria and renal failure [65]. A gender-related increased risk of
stent colonisation has been observed, with a clear higher risk in women than in men,
but with no gender-related risk in the appearance of UTIs [66].

To prevent biofilm formation on stents, there have been some innovations such
us, coating of polyhydrogel poly (N,N-dimethylacrylamide) (PDMAA) with anti-
fouling and protein repellent properties has been used by Szell et al. In vitro studies
showed a five-fold decrease of bacterial load on the stent surface [67]. Unfortunately,
after promising in vitro results, the human studies have not confirmed these results.

2.3.2 Stent Migration
Stent migration can occur as the ureter is a dynamic organ due to peristalsis. The

precise risk factors for stent migration remain to be defined, but an appropriate
selection of the stent size is not only necessary to palliate the patients’ symptoms,
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Fig. 5 Ureteral stent
migration

Supino

R

but also to avoid migration [68]. Despite the self-retentive design of the CDJ and
appropriate placement, distal migration into the bladder or pelvic migration is a
complication with an incidence of up to 9.5% [69] . Furthermore, biomaterials with
low friction, such as silicones and hydrophilic coatings, will promote this event
[52]. It has been recognised that polyurethane stents have better shape memory and
can conform to the urinary tract when compared to silicone stents, decreasing the
rate of ureteral stent migration [52] (Fig. 5).

2.3.3 Fragmentation and Breakage

Stent fracture is a very rare complication. It can be caused by mechanical stress,
particularly through the lateral orifices, and by a decrease in tensile strength due
to depolymerisation that can develop in long-term stenting. Interaction with the
urine and extensive inflammatory reaction may promote fragmentation. The rate
of ureteral stent fragmentation ranges between 0.3% and 10% [70]. The other
factor related with stent fragmentation is stent material. Silicone stents may be
more advantageous than polyethylene stents for the lower risk of fragmenta-
tion [70].



Indications, Complications and Side Effects of Ureteral Stents 15

2.3.4 Forgotten Double-J Stent and Encrustation

The encrustation of forgotten stents is a serious problem due to recurrent urinary
tract infections, hematuria, urinary tract obstructions, and renal failure. Similarly, to
stent bacterial colonization, stent encrustation increases with stent duration. The
aetiology of encrustation is multifactorial [71]: urine composition, stent material,
surface properties, stent design, dwell time, urinary pH, urine flow dynamics and
bacterial urease. The complexity of the encrustation process is clear, nowadays none
of the biomaterials used are resistant to crystal deposition [72].

The definition of a forgotten stent is a device that remains in place for longer than
the prescribed time without any medical monitoring. The reasons behind this com-
plication can be attributed to inadequate counselling by the treating doctor and poor
compliance of the patient (Figs. 6 and 7).

In a retrospective analysis for a period of 6 years by Adanaur et al., the mean
indwelling time was 22.6 months (6—144 months). Of 54 patients, urolithiasis was
the indication for stenting in 45 (83.3%) [73].

There have been some innovations to elude this complication such us the biode-
gradable ureteral stent. F Soria et al. designed a biodegradable antireflux stent that
avoids vesicoureteral reflux and bladder trigone irritation as well as the forgotten

Fig. 6 X ray image.
Ureteral stent encrustation
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Fig. 7 Cystoscopic view.
Bladder end ureteral stent
encrustation. Laser
Cystolithotripsy

stent syndrome. There was no ureteral obstruction due to degraded stent fragments
in their experimental assessment. Consequently, morbidity secondary to ureteral
stents might be reduced with intraureteral biodegradable stents [74].

2.3.5 Ureteral Stent Obstruction

Obstruction increases with stent dwell time and not stent size. Causes of obstruction
are due to increased debris deposition, crystals deposited on the stent surface, as
well as blood clots due to haematuria. The diagnosis is usually made by deteriora-
tion of renal function, renal fossa pain or worsening of hydronephrosis. It can be
solved by replacement of the stent [75].
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Indications, Complications and Side
Effects of Metallic Ureteral Stents

Duje Rako

1 Introduction

Even though metal might be the first material used for unblocking urinary tract, first
widely used stents in the ureter were polymeric. And polymers do have their prob-
lems with longevity, compression, encrustation, irritation etc. which has led
researchers to try other materials—amongst them metal alloys. First metallic stents
used in ureter were made from stainless steel (Wallstent, Palmaz-Schatz) and after-
wards focus was mainly on nitinol (nickel titanium oxide) as well as other alloys
(tantalum, platinum, niobium, cobalt, etc.) with or without PTFE (polytetrafluoro-
ethylene) or polymer coating. In shape/structure, they can replicate typical JJ design
[1] (Passage—nitinol JJ stent, Resonance—nickel-chromium-cobalt-molybdenium
JJ stent) or have coil (Memokath—mnitinol coils, Allium—Ioose nitinol coils with
polymer coating) or mesh (Uventa—nitinol mesh with PTFE coating) structure. By
mechanism of deployment we can recognise baloon-expandable, self-expandable,
thermo-expandable and non-expandable metallic ureteral stents.

First documented metallic stent used in ureter was vascular permanent stent
(Wallstent) placed in two patients with malignant obstruction by Lugmayer in 1992
[2]. Afterwards many vascular stents were tried but high rates of complications and
inability for easy removal and replacement led to their discontinuation and develop-
ment of purpose-based urological metallic stents which could be more easily
removed and replaced [3].
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2 Indications for Metallic Ureteral Stents

For kidneys to function properly, urine produced should flow freely through ureters
in order to reach bladder or substitute reservoir. Should drainage become impaired
excessive intrarenal pressure will develop and can subsequently lead to kidney dam-
age and eventually to loss of function. This blockage can come from within the
ureter (internal) or outside of it (external) and by nature of cause described as malig-
nant, benign or post radiotherapy. Two main ways of unblocking an obstructed renal
unit can be considered; either internally via ureteral stent or externally by means of
nephrostomy and both ways should provide uninterrupted urinary drainage.

Internal unblocking of renal unit using stent is minimally invasive and should
offer long enough indwelling time with the ideal stent being easy to insert and
remove, made of biocompatible and MRI-compatible material and causing no
adverse host reaction (inflammation, urothelial hyperplasia, tumour ingrowth etc.)
and being resistant to incrustation. Unfortunately, such stent still does not exist but
some materials and designs cover many of requirements.

Even though both polymeric and metallic stents can be considered in all of
benign, malignant and post-radiotherapy settings but we will usually opt for metal-
lic stents in situations in which longer indwelling times are projected with benign
conditions (resistant post inflammatory strictures), malignant obstruction (due to
internal occlusion or external compression) or post-radiotherapy strictures [4].

3 Complications and Side Effects of Metallic Ureteral Stents

Even with careful and proper usage complications will inevitably arise and same is
with metallic ureteral stents [5—7]. Some complications are inherent with stent
design and others come from material used or applied coating. Many case reports
and review papers have summarised either single stent experience or problems with
specific patient population and none of them have yet discussed complications on a
sufficiently large number of patients so workgroup within COST Action 16217—
ENIUS (European Network of multidisciplinary research to Improve the Urinary
Stents) has led literature search in order to identify, catalogue and review in a sys-
tematic way all published complications and patency rates for metallic ureteral
stents used for ureteric obstructions [data prepared for publication].

In our systematic review 319 publications were identified and 111 acceptable full
text papers were thoroughly examined leading to 88 being included in final analysis.
That translates to database of 1749 patients with 2194 ureter units receiving 2394
stents with 1188 complications documented. It is worth noting that some of compli-
cations are due to disease itself (especially malignant) others correspond to stent
type and shape or material and cation used. Even though some patients did not
experience any complications or side effects, others have had multiple stent related
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complications but in total this translates to 68% per patient and 50% per stent risk
of complication. Only 3.4% of papers (3/88) have used verified system for reporting
complications (modified Clavien-Dindo classification [8]) which also poses prob-
lem in real-world data acquisition. Complication reporting in general and specifi-
cally using standardised approach is obviously not at the highest standards among
academic urologic community and further actions are needed in order for that to be
changed in future.

Complications related to stent placement (regardless of stent type) were low in
our dataset and only 22 failures and 4 significant difficulties were documented in
attempt to place 2394 stents which comes to less than 1.1% in total.

3.1 Off Label Use of Bare Metal Stents (BMS) Designed
Jor Vascular or Gastroenterological Use
in Ureteric Obstruction

First papers reporting experience with off-label use of metallic mesh stents (developed
for cardiovascular use) in ureters started to emerge in 1991 with promising results
initially, but as soon as 1993 reports on poor outcomes started to emerge. Review and
vast personal experience published by Liatsikos et al. in 2009 started era of review
papers but no comprehensive set of data reporting on complications was published as
yet. Majority of data in our dataset come from experience using Wallstent™ (Schneider,
Ziirich, Switzerland later Boston Scientific/Microvasive, MA, USA) and other data
come from use of other stents mainly Strecker (Boston Scientific, MA, USA),
AccuFlex (Boston Scientific, MA, USA), Protege (Endovascular Inc., MN, USA),
Luminexx (Bard GmbH, Angiomed, Karlsruhe, Germany), Sinus-Flex (Optimed,
Ettingen, Germany) and Palmaz-Schatz (Johnson and Johnson, Warren, USA).

A total of 29 papers have reported on use of (mostly vascular or biliar) BMS in
345 patients (258 with malignant and 87 benign conditions) with 359 stents
implanted in malignant and 98 in benign ureter units with a total of 277 complica-
tions reported which translates to 80% of patients at risk of complication or 60% per
stent used. Among complications most prevalent were obstruction or occlusion in
71 (26%), tumour overgrowth or ingrowth in 59 (21%), flank or abdominal pain in
39 (14%), urothelial hyperplasia in 33 (12%). Also, four serious complications
needing surgery (including two nephrectomies due to chronic pyelonephritis and
two laser surgeries to remove stents) were also reported. Reported patency rates
ranged from 0% to 100% with most report around 30-80% (Figs. 1, 2, and 3).

From these results we can conclude that early cardiovascular and biliary stents
placed (off-label) in ureters had promising initial results but with follow up
approaching 1 year they mostly suffered obstructive complications (occlusion, com-
pression, tumour overgrowth or reactive hyperplasia) which were responsible for
roughly 60% of incapacitated stents.
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Fig. 1 Ureteroscopic
assessment. Metallic stent
encrustation. (Dr. F. Soria.
JUMISC. Spain)

Fig. 2 Ureteroscopic
assessment. Obstructive
urothelial hyperplasia. (Dr.
F. Soria. JUMISC. Spain)
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Fig. 3 Fluoroscopic view.
Ureteral metallic stent
migration. (Dr. F. Soria.
JUMISC. Spain)

55 (1619)
158 >

3.2  Off Label Use of Covered Metal Stents (CMS) Designed
Jor Vascular or Gastroenterological Use
in Ureteral Obstruction

Research advancements in cardiology has led to introduction of covered metal
stents which were also tried in ureters and resulted in no benefit compared to off-
label use of vascular/gastroenterological BMS with regards to complication rates
with migrations and UTT’s being most common.

Only five studies in our dataset had some data on covered metal stents including
two on Passager stent (Boston Scientific Corporation, Oakland, NJ, USA), one on
polyurethane tube with metal wire (Mannheim hospital, Heidelberg University,
Germany), one on Dacron covered nitinol mesh stent (Stanford, Nanture, France)
and one on ePTFE covered nitinol stent (Hemobahn Endoprosthesis, W. L. Gore
and Associates, Inc., Flagstaff, Arizona, USA). In total they report 72 patients (49
malignant and 23 benign obstructions) with 86 ureteral units (56 and 30 respec-
tively) with 69 complications reported namely migration/dislocation in 20 (29%),
urinary tract infections (UTI) in 11 (16%), vesicoureteral reflux in 9 (13%) and
reactive hyperplasia in 7 (10%) being most common. One nephrectomy was carried
out due to recurrent UTT’s. Patency rates reported ranged from 18.75% to 100%.
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3.3 Covered Metal Stents Designed for Use in Urinary Tract

Purpose built covered metallic stents designed for use in urinary tract (Allium™ and
Uventa™) could be considered as next generation of covered stents. Allium™ URS
is segmental nitinol mesh stent fully covered with polymeric coating with high
radial force in mid part and low radial force in outer parts. Uventa™ is segmental
ureteral self-expanding metallic mesh stent with triple-layered structure consisting
of nitinol mesh on outer and inner side and PTFE membrane in middle (Fig. 4).

Our search has identified only one study reporting short term outcomes with use
of three Allium urethral stents (Allium™ Medical, Caesarea, Israel) in two patients
resulting in one obstruction.

Fig. 4 Fluoroscopic
assessment. Ureteral
Uventa™ metallic stent.
(Taewoong Medical, Seoul,
Korea)
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Ten reports were included on use of Uventa™ (Taewoong Medical, Seoul, Korea)
stent in 202 patients (158 with malignant and 44 benign disease) across 238 ureteral
units with a total of 163 complications with 16 (10%) of which were serious (7
uretero-enteric fistula, 4 uretero-arterial fistula, 2 uretero-vaginal fistula and one
pseudoaneurysm, ureteral perforation and sepsis each). Other more common com-
plications include tumour overgrowth/ingrowth in 26 (16%), flank or abdominal
pain in 21 (13%) and urothelial hyperplasia in 19 (12%) of cases. Reported patency
rates ranged from 30% to 100% but mainly around 65—-100%.

3.4 Memokath 051™ (PNN Medical A/S,
Kvistgaard, Denmark)

Memokath 051™ is a thermo-expandable, spiral-shaped (coiled) memory nickel-
titanium metallic alloy segmental stent and could be considered as next generation
bare metal stent with reduced complications when compared to purpose built cov-
ered metallic stents. It was more often used in benign conditions than any other stent
in our review.

Data from 21 paper on use of Memokath 051™ stent report on 423 patient (188
with malignant and 235 benign condition) with 469 ureter unit (214 and 255 respec-
tively) and 230 complications with 48% of them (111) related to migration.
Obstruction, occlusion or compression is reported in further 23% of cases (52).
Only one serious complication (uretero-arterial fistula post radiotherapy for colon
cancer) was reported. Patency was reported anywhere between 40% and 100% with
figures around 70-80% being most common especially in larger series.

3.5 Resonance™ (Cook Medical, Bloomington, IN, USA)

Resonance™ is 6 Fr double pigtail full metal (nickel-chromium-cobalt-molybdenium
alloy) tight spiral stent without internal lumen and is like Memokath 051™ also
considered to be next generation purpose built BMS and was most widely used stent
in our review.

Twenty-eight papers in our review reported use of 1085 Resonance™ stents
implanted in 707 patients (with 462 due to malignancy and 245 for benign condi-
tions) with 944 ureter units (621 and 323 respectively) with a total of 449 complica-
tions reported with UTI being the most common with 23% (103 cases) followed by
compression in 20% (91 cases) and obstruction or occlusion in further 10% (43
cases). Among eight reported significant complications three were subcapsular hae-
matomas (all in one series), three sepsis and two surgeries due to calcification (one
cystolitholapaxy and another percutaneous nephrolithotomy). With a mean follow
up of 1 year reported patency rates were between 10% and 100% with larger studies
usually reporting patency rates around 70-90%.
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4 Conclusion and Further Recommendations

Even though metallic ureteral stents in general exhibit better patency rates than
polymeric stents in comparable patient populations and provide effective long term
drainage they still have high rates of complications and side effects. Metallic ure-
teral stents (especially segmented ones) also tend to cause less stent-related symp-
toms than polymeric JJ stents.

As expected, purpose-built metallic ureteric stents outperform off-label vascular
and biliary stents used in past but they still have nearly 50% complication chance
with 2.6% of them graded as severe. Difference among stents in predominant type
of complication arise from differences inherent in stent design or material used.
Despite these negative issues, metallic ureteral stents still represent most appropri-
ate salvage options for certain groups of patients with short life expectancy or those
unwilling or unable to undergo surgery.

Choice which metallic ureteral stent should be preferred over others depend on
local availability, stage and localisation of disease, patient characteristics and expec-
tations, provider (urologist, interventional radiologist) preference and experience
and cost and reimbursement policy [9].

In order to have better graded recommendations there is still unmet need for
multi-institutional prospective randomised trial with adequate number of patients
stratified to malignant, benign and post-radiotherapy group designed as head to
head superiority trial of existing metallic ureteral stents with follow up period at
least 12 months in order to obtain high quality data on their patency and complica-
tion rates.

In conclusion, due to high number of complications, stent failures, side effects
and stent-related symptoms, stringent follow-up of these patients is necessary.
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1 Introduction

Urine produced in kidneys should freely flow out through the ureters, bladder and
urethra. Bladder outlet obstruction [BOO] by benign or malignant processes leads
to Lower urinary tract symptoms [LUTS], reduced quality of life, and if left
untreated it may damage kidneys and lead to loss of kidney function. BOO in the
urethra is more prevalent in males compared to females, as the male urethra is much
longer and can be caused by several conditions at different anatomical locations.

In this review we focus on the entire male urethra. Since no stents are used in
female urethral obstructions, they will be excluded from this review [1].

At the prostatic urethra, the major cause for BOO is benign prostatic hyperplasia
[BPH]. About 105 million men are affected globally of BPH [2]. Development of
BPH typically begins after the age of 40, around half of males aged 50 and over are
affected [3] with the majority [~90%] of males affected after the age of 80 [3].
Prostate cancer can also lead to BOO. More distal in the urethra, the major cause of
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obstruction is strictures of the urethra. Urethral strictures due to fibrosis occur in
approximately 1% of the male population over 55 years of age [4].

2 Brief History of Lower Urinary Stents

The 1980s can be seen as the decade of various stent inventions in medicine, espe-
cially for use in vascular occlusions but also for prostatic obstructions. These stents
were either self expandable or balloon expandable stents [5]. The use of urethral
stents starts in 1980 with the introduction of the “partial catheter”/urological spiral’
invented by Fabian [6]. This was a 21F stainless steel coil for inserting into the
occluded prostatic urethra, instead of an indwelling catheter. For reducing the risk
of stone formation on the stainless steel, in 1987 a group in Denmark gold-plated
the ‘urological spiral’ and named it Prostakath [7]. Since then, a variety of metals
and biostable and biodegradable polymers have been used to produce temporary or
permanent stents for the management of infravesical obstructions such as benign or
malignant prostatic enlargement, bladder neck stenoses, urethro-vesical anasto-
motic stenoses or urethral strictures. Some stents originally developed for vascular
use were also adapted for use along the urethra. Examples are: The balloon expand-
able Palmaz Stent [only for the prostatic urethra], the self-expanding Memotherm
and the Urolume which was an adaptation of the vascular Wallstent. The Wallstent
was developed by Hans Wallsten as a vascular stent and later adapted to urological
use under the name Urolume Wallstent [8]. The design of this stent was based on a
wire braiding technology similar to the “Chinese finger trap”; an old Chinese trick
in which one can insert a finger that is trapped when the finger is retracted. This
braiding technology allowed the stent to self-expand and apply radial force to the
surrounding tissues. The Urolume Wallstent became a very popular stent for ure-
thral stricture. Despite the initial enthusiasm for the use of permanent stents in
recurrent urethra strictures, on longer follow up they could not prove themselves as
a good alternative to urethroplasty and now they are used only in selected, frail, poor
surgical risk patients.

The other self-expanding stent, the Memotherm was made of a nickel titanium
alloy (nitinol) wire knitted to form a tube. This thermo-sensitive stent expanded to
its maximal caliber at body temperature [9]. This stent also lost its initial enthousi-
asm for the same Reasons as the Urolume Wallstent.

The ProstaCoil, a large caliber (24/30F), nitinol made self-expanding temporary
prostatic stent was based on the UroCoil which was developed for use in frequently
recurring urethral strictures [10].

Almost at the same time different polymer made stents started to appear: The
polyurethane made small caliber [16F] prostatic stent named ‘intra-urethral
catheter—IUC’ [11], a similar 16F Barnes stent [12], the larger caliber silicone
made Trestle and the more recent Spanner [13].

During the same years the Biofix/SpiroFlow biodegradable prostatic coil stent
made of self-reinforced polyglycolic acid [SR-PLA] was also introduced. However,
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it failed to support the expectations because, after losing their radial force, they
crushed into the urethral lumen and caused an obstruction that had to be solved by
endoscopic removal of its segments [14].

Stenting the lower urinary tract is minimally invasive approach to relieve BOO
in patients unfit for surgery or in others as an alternative to surgery. What we need
from a urinary stent is a patent lumen so it can support both micturition and sexual
activity without serious adverse effects. The ideal urethral stent is flexible so it can
support the urethral lumen in both the flaccid or erect status of the penis. In addition,
the ideal stent is an off-the-shelf product, so that each patient can be treated directly.

Since their introduction in the late 1980s, stents have been studied in the urinary
tract to prevent scaring contraction and re-modelling of the strictured urethral seg-
ments. Although the first reports seemed to promise excellent outcomes, longer
follow-up began to cast doubts on the usefulness of urethral stenting as a primary
treatment modality for urethral stricture disease [15]. Especially permanently
implanted stents lead to tissue ingrowth and re-stenosis. Temporary stents prevented
tissue ingrowth in their lumen but induces tissue ingrowth at their ends. Resection
of this tissue or removal of the stent opened the obstructed lumen.

3 C(lassification of Stents

First use of a stent in the urinary tract was the permanent use of a 22F catheter for
1—4 years in a small group of 19 patients [16]. Later vascular stents were used ‘off
label’. The Palmaz stent, Wallstent and the Memotherm were supposed to be com-
pletely covered by urothelial tissue within a few weeks after their implantation like
in the vascular tract. Less than satisfying results with these stents especially in the
prostatic urethra led to development of urethral specific stents. Most of these stents
had either a fixed caliber, or are self-expandable or thermo-expandable.

Differing from other tubular organs, the cross section of the prostatic urethra is
rarely round. For this reason, some of the permanent stents could not become fully
covered with tissue as they were supposed to become and stones could develop on
the uncovered bare metal wires. Despite this drawback both the Urolume and the
Memotherm are still used in selected high surgical risk patients [17]. The Palmaz
stent dropped from use because its lack of radial self-expanding force.

Urethral stents can be classified in several groups. First, we can make a distinc-
tion on anatomical location. We have prostatic urethral stents—both for benign and
malignant obstructions and bulbar and distal urethra stents, these are used to open
the urethral lumen after traumatic pelvic bone fractures, endoscopic manipulations
related and in case of recurrent infection (e.g. lichen sclerosis, gonorrhoea). An
additional classification is based on the type of stent, there are permanent and
removable stents, mesh stents can be either balloon expandable and self-expandable.
Examples of the removable stents are among others Fabian stent/Prostacath,
InStent’s ProstaCoil and UroCoil, Allium’s TPS, BUS and RPS. Lastly few experi-
mental trials are reported on degradable stents.
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The use of a permanent stent positioned in distal urethra may look to be an attrac-
tive treatment in the treatment of strictures. The Urolume/Wallstent and the
Memotherm which are permanent stents were used as an alternative approach in
such stenoses [18]. Time showed that the use of permanent stents is a contraindica-
tion in these cases because of intra-stent obstructive tissue proliferation [19, 20].
Significant complication rates were also observed when such stents were used for
benign prostatic obstructions [21].

4 Aim of This Chapter

In the present chapter we provide an overview of the current literature to summarize
the most common complications seen with different urethral stents for male patients
with benign or malignant urethral obstruction of the urethra. Full data extraction is
ongoing, this is our initial report.

5 Materials and Methods

5.1 Literature Search

Following search string: [[[[urethra] OR urethral]] AND [[[[stent] OR endoproth-
esis] OR endoprosthesis] OR stents]] was initially used both in Embase and
PubMed, in February 2019 and a re-run in March 2020. Cross references were
added. Figure 1 presents an outline of the literature search in a Prisma Flow Diagram
[22]. Prospective, retrospective, comparative studies, case reports and case series
were included.

5.2  Study Selection

Results from PubMed and the Embase were imported in Rayyan [https://rayyan.
qcri.org/], where duplicates were removed. The title and abstract screen was per-
formed by two authors independently [PdG, DR]; the full text screen was performed
by the same authors, also independently of each other. Any differences in the screen-
ing results were solved by discussion. Studies were excluded when written in lan-
guages other than English, non-original papers [abstract, comment or review paper],
when describing pre-clinical studies and non-human use, when studying wrong
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Fig. 1 Study selection process [22]. For more information, visit www.prisma-statement.org

population, e.g. wrong etiology of the urethral obstruction [mainly detrusor sphinc-
ter dyssynergia] or stenting by catheter after reconstruction surgery. The primary
endpoint was cause [restricture, infection, migration and other causes for stent fail-
ure] and rate of complications and secondary endpoint was patency rate. Stent
patency was calculated as number of failed stented urethra over number of total
stented urethra and failed stented urethra is defined as stent not being able to do as
expected so an unplanned stent removal.
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6 Results

After search has been run, 1551 publications were identified and their abstracts
were screened independently by two authors [PdG, DR] resulting in consensus on
412 acceptable full text papers which were thoroughly read by same authors and of
those 118 were finally included in systematic review. Reasons for exclusions were
listed in Fig. 1.

Over 4000 patients are described, with varying follow up. Several different stents
were used, including off label use of covered metal stents designed for vascular use,
drug eluting stents, biodegradable stents.

Papers were divided on use in anatomical location [prostate, urethra or report on
both locations]. In total, 94 papers recorded on results, 24 papers on complications
only. Here we summarize the results based on this division.

6.1 Prostatic Stents

Thirty-six studies report on stent use in the prostatic urethra. Of these, 34 reported
on results, 2 on complications. An overview of the studies is given in Table 1. At the
prostatic region the UroLume was the most used stent, used in 8 studies, other stents
used were MemoKath (3), Memotherm (2), 4 reported on ProstaKath, 3 on
ProstaCoil, 2 on Urospiral, 4 on Spanner and a variety of others, including 4 studies
on biodegradable stents. As a full data extraction and analysis is currently performed
by the authors, we can only preliminary summarize the common adverse effects,
including dislocation of the stent, dysuria, retention, recurrence of obstruction and
urinary incontinence. Meta-analysis cannot be performed due to different endpoints,
differences in stents and most of all, differences in follow up. Overall, in studies
with short follow up, success rates are much higher than in studies with longer
follow up.

6.2 Stents in Both Prostatic and Urethral Region

Twenty studies reported on urethral stents both in the prostatic and the bulbar ure-
thral region, without making clear distinction or made a combinations of results/
complications in both regions. Of these, 16 reported on results, and 4 on complica-
tions. An overview of these studies is given in Table 2. Again, the Urolume was used
most in this combined region (8), the other 12 studies were using a variety of stents,
including a 22F catheter [16] and some titanium alloys based stents [see Table 2 for
description]. Success rate in up to 50% of cases, however, short follow up may bias
these results, as some complications take longer to develop.
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Number of

Authors Year | Report on patients Type of stent

Van Dijk et al. [26] | 2006 | Results 108 Bell- shaped nitinol prostatic stent

Petas et al. [27] 1997 | Results 45 Biodegradable

Laaksovirta et al. 2002 | Results 50 Biodegradable, self-expandable

[28] SR-PLGA copolymer stent

Talja et al. [29] 1995 | Results 22 Biodegradable, self-reinforced
polyglycolic acid spiral stent

Petas et al. [30] 1997 | Results 72 Biodegradable, self-reinforced
polyglycolic acid spiral stent

Morgentaler and 1993 | Results 25 Gianturco-Z stent

DeWolf [31]

Nissenkorn et al. 1996 | Results 15 IUC intraurethral catheter

[32]

Poulsen et al. [33] 1993 | Results 30 MemoKath

Williams and White | 1995 | Results 48 MemoKath

[34]

Kimata et al. [35] 2015 | Results 37 MemoKath

Tseng et al. [36] 2007 | Complications | 1 Memotherm

Gesenberg and 1998 | Results 123 Memotherm

Sintermann [37]

Guazzoni et al. [38] | 1994 | Results 135 Modified Urolume

Yachia et al. [39] 1995 | Results 65 ProstaCoil

Yachia and 1996 | Results 27 ProstaCoil

Aridogan [40]

Ovesen et al. [41] 1990 | Results 1 Prostakath

Thomas et al. [42] 1993 | Results 64 Prostakath

Sofer et al. [43] 1998 | Complications | 107 Prostakath or Urospiral

Yachia and 1996 | Results 117 Prostakath vs Prostacoil

Aridogan [44]

Song et al. [45] 1995 | Results 13 Self-expandable metallic Z-stent

Mori et al. [46] 1995 | Results 17 Shape memory alloy

Henderson et al. 2002 | Results 5 Spanner

[47]

Corica et al. [48] 2004 | Results 30 Spanner

Tyson et al. [49] 2012 | Results 20 Spanner

Goh et al. [50] 2013 | Results 16 Spanner

Porpiglia et al. [S1] | 2018 | Results 32 Temporary implantable nitinol
device [TIND]

Van Dijk et al. [52] | 2005 | Results 35 Thermoexpandable hourglass-
shaped nitinol prostatic stent

Milroy and Chapple | 1993 | Results 54 UroLume

[53]

Williams et al. [54] | 1993 | Results 96 Urolume

Oesterling et al. [55] | 1994 | Results 126 UroLume

(continued)
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Number of
Authors Year | Report on patients Type of stent
Schneider et al. [56] | 1994 | Results 70 UroLume
Anjum et al. [57] 1997 | Results 62 Urolume
Lallas et al. [58] 2001 | Results 1 UroLume
McLoughlin et al. 1990 | Results 19 Unclear [UroLume]
[9]
Ozgiir et al. [59] 1993 | Results 31 Urospiral
Adam et al. [60] 1990 | Results 21 Wallstent
Table 2 Data extraction prostate and urethra
Number of
Authors year | Report on patients Type of stent
Fair [16] 1982 | Results 21 22F catheter
Perez-Marrero and 1993 | Results 9 Balloon expanded titanium
Emerson [61] prostatic urethral stent
Qiu et al. [62] 1994 | Results 25 Chinese titanium-nickel alloy
with shape memory
Choi et al. [63] 2007 | Results 33 Covered nitinol stent
Boullier and Parra [64] | 1991 | Results 20 Expandable titanium stent
Takahashi et al. [65] 2013 | Complications | 4 MemoKath
Ricciotti et al. [66] 1995 | Results 49 Memotherm
Egilmez et al. [67] 2006 | Complications | 76 Nitinol
Inoue and Misawa [68] | 1997 | Results 1 ProstaKath
Parra [69] 1991 | Results 5 Titanium endourethral stent
Yachia and Beyar [70] | 1993 | Results 20 UroCoil
Corujo and Badlani 1998 | Complications | 2 Urolume
[71]
Milroy [72] 1991 | Results 45 UroLume
Oesterling [73] 1993 | Results N/A UroLume
Sweetser et al. [74] 1993 | Results 23 UroLume
Bailey et al. [75] 1998 | Results 14 UroLume
Wilson et al. [76] 2002 | Results 10 UroLume
Shah et al. [77] 2003 | Results 465 UroLume
McNamara et al. [78] | 2013 | Results 45 UroLume
Chapple and Bhargava | 2008 | Complications | 14 Variety of stents
[19]

6.3 Urethral Stents

The largest set of studies was found for urethral stenting, 62 studies were selected,
44 reported on results, 18 on complications. An overview of these studies is given
in Table 3. Urolume was used in 26 studies, 3 of these studies compared the stent to
the Wallstent. 10 studies reported on Wallstent alone. Six studies reported on the use
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Table 3 Data extraction urethra

Number of

Authors Year | Report on patients Type of stent

Shental et al. [79] 1998 | Complications | 1 Porges Urethrospiral-2 stent [as
second stent, over a UroLume]

Culha et al. [80] 2014 | Results 54 Allium

Silagy et al. [81] 2017 | Results 15 Allium

Temeltas et al. [82] | 2016 | Results 28 Allium

Yachia and Beyar 1991 | Results 18 Biocompatible metal alloy

[83]

Isotalo et al. [84]. 2002 | Results 22 Biodegradable

Isotalo et al. [85] 1998 | Results 22 Biodegradable

Song et al. [86] 2003 | Results 12 Covered nitinol stent

Jordan et al. [87] 2013 | Results 92 MemoKath

Jung et al. [88] 2013 | Results 13 MemoKath

Wong et al. [89] 2014 | Results 22 MemoKath

Abdallah et al. [90] | 2013 | Results 23 MemoKath

Barbagli et al. [91] | 2017 | Results 16 MemoKath

Sertcelik et al. [92] |2011 | Results 47 MemoKath

Atesci et al. [93] 2014 | Results 20 Memotherm

Takenaka et al. [94] | 2004 | Results 1 Metal

Guyjral et al. [95] 1995 | Results 7 Modified Z-stent, Gianturco type

Na et al. [96] 2012 | Results 59 Nitinol

Eisenberg et al. [97] | 2008 | Complications | 22 Several types

Kotsar et al. [98] 2009 | Results 10 PLGA

Nissenkorn [99] 1995 | Results 22 Polyurethane

Nissenkorn and 1997 | Results 42 Polyurethane

Shalev [100]

Kim et al. [101] 2017 | Results 54 Retrievable self-expandable metallic
stents

Yachia et al. [102] 1990 | Results 26 Self-retaining stent

Saporta et al. [103] | 1993 | Results 16 UroCoil

Sikafi [104] 1996 | Results 18 UroCoil

Fisher and Santucci | 2006 | Complications | 1 UroLume

[105]

Gupta and Ansari 2004 | Complications | 1 UroLume

[106]

Paddack et al. [107] | 2009 | Complications | 1 UroLume

Tahmaz et al. [108] | 2009  Complications | 1 UroLume

Cimentepe et al. 2004 | Results 1 UroLume

[109]

Parsons and Wright | 2004 | Complications | 3 UroLume

[110]

Rodriguez Jr. and 2006 | Complications | 2 UroLume

Gelman [111]

(continued)
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Number of
Authors Year | Report on patients Type of stent
Scarpa et al. [112] 1997 | Results 2 UroLume
Gelman and 2007 | Complications | 10 UroLume
Rodriguez Jr. [113]
Elkassaby et al. 2007 | Complications | 13 UroLume
[114]
Milroy [115] 1993 | Results 6 UroLume
Anguloetal. [116] | 2018  Complications | 63 Urolume
De Vocht et al. [117] | 2003 | Complications | 15 Urolume
Hussain et al. [118] | 2004 | Complications | 60 UroLume
Badlani et al. [119] | 1995 | Results 175 UroLume
Breda et al. [120] 1994 | Results 82 UroLume
Donald et al. [121] | 1991 | Results 33 Urolume
Granieri and 2014 | Results 4 UroLume
Peterson [122]
Milroy and Allen 1996 | Results 50 UroLume
[123]
Sertcelik et al. [124] | 2000 | Results 60 UroLume
Shah et al. [20] 2003 | Results 24 UroLume
Tillem et al. [125] 1997 | Results 41 UroLume
Eisenberg et al. 2007 | Results 13 UroLume [11], endovascular [2]
[126]
Morgia et al. [127] | 1999 | Results 99 Wallstents [94], 5 other
Verhamme et al. 1993 | Complications | 1 Wallstent
[128]
Krah et al. [129] 1992 | Complications | 1 Wallstent
Pansadoro et al. 1994 | Results 1 Wallstent
[130]
Baert et al. [131] 1993 | Complications | 7 Wallstent
Baert et al. [132] 1991 | Results 6 Wallstent
Beier-Holgersen 1993 | Results 10 Wallstent
etal. [133]
Kardar and 1998 | Results 8 Wallstent/UroLume
Lindstedt [134]
Milroy et al. [135] 1989 | Results 8 Wallstent/UroLume
Katz et al. [136] 1994 | Complications | 2 Wallstent/UroLume
Oosterlinck and 2000 | Results N/A Various stents
Talja [137]
Milroy et al. [138] 1989 | Results 8 Various stents
Palminteri et al. [23] | 2010 | Complications | 13 Various stents

of MemoKath, 1 on MemoTherm, 2 on UroCoil and 3 on Allium stents. The other
17 studies used other stents, described a variety of stents or the stents used were ill-
defined. Reported complications included stent migration, haematuria, recurrent
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strictures or obstructed stents by encrustation, urinary tract infections, perineal pain
and sexual dysfunction. Despite their relatively high complication rates, externally
covered stents seemed more effective with fewer complications than either uncov-
ered or internally covered stents. However, all stents intrinsically generate the risk
to turn a simple stenosis into a complex stenosis requiring a staged urethroplasty, a
definitive urethrostomy, or a permanent suprapubic diversion [23].

7 Discussion

In total, we analyzed 118 studies on urethral stenting, 94 on results and 24 on com-
plications. In the studies analyzed, the UroLume was used most frequently. Full
extraction of the data is in progress, we will report later on this based on this book
chapter.

In modern urological practice, ureter stents and bladder catheters have become
indispensable tools. The use urethral and prostate stents was introduced with opti-
mism and hope; however, these latter stents have not shown their benefits over cur-
rent procedures to treat urethral obstruction. Over the course of time, many
improvements in designs and constitutive materials for urinary stents have taken
place in an attempt to improve their efficacy. Nevertheless, they remain associated
with several adverse effects that limit their value as tools for long-term urinary
drainage. Infection, encrustation, migration, hyperplastic epithelial reaction, and
patient discomfort are the most common problems [24] and, especially for urethral
stricture disease, open urethral reconstruction is the treatment of choice for patients
with traumatic strictures and those with previously failed urethroplasty [19]. For
patients unfit for this major open surgery, research for better stents, potentially bio-
degradable or a combination of materials and cells will be a better option [25].

8 Limitations and Risk of Bias

The included studies used different approach on reporting complications therefore
a quantitative report on the adverse effects was not possible. Publication bias is
likely on the included reports, both biased on complication in the case reports, as
well as bias on the outcome due to short follow up.

9 Conclusion and Future Perspectives

It is clear from papers we have analyzed that purpose-built urethral stents have out-
performed off-label vascular stents, but still the ideal stent has not been identified.
Despite many adverse effects, urethral stents may still be useful, in particular to the
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elderly unfit patient in whom a major operation is contraindicated, providing a rapid
treatment that can be performed with the patient under local anesthesia. For this we
need to develop better stents that can avoid the current complications and disadvan-
tages. Cross pollination is needed between basic, translational, preclinical and clini-
cal research, thereby combining knowledge on materials, cells, rheology, tissue,
pathophysiology and pathology, with the ultimate aim better treatment options for
our patients.

Acknowledgements This systematic review was part of activities from Workgroup State of art of
urinary stents within COST Action 16217 ENIUS European Network of multidisciplinary research
to Improve the Urinary Stents.
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M. Bargues-Balanza, G. Ordaz-Jurado, A. Budia-Alba,
and F. Boronat-Tormo

1 Introduction

The ureteral stent is a tubular device with multiple lateral holes that is placed inside
the ureter to prevent or treat an obstruction in order to ensure the permeability of the
urinary tract. In 1967, Zimskind et al. [ 1] described the endoscopic placement of the
first permanent ureteral stents. Subsequently, Finney et al. [2] improved the shape of
the device by describing the double J stent (DJS).

Its main indications are unblocking the upper urinary tract of both extrinsic and
intrinsic causes, allowing healing after a urinary anastomosis or ureteral trauma and
as prevention of obstruction after endourological techniques or iatrogenic ureteral
injury [3, 4].

With the endourological techniques increase, their routine use has raised. Its
placement prior to ureterorenoscopy (URS) is not generally necessary, although
some studies report a better stone-free rate and fewer intraoperative complications
[5, 6]. Randomized prospective trials have found that routine stenting after uncom-
plicated URS (complete stone removal) is not necessary; stenting might be associ-
ated with higher post-operative morbidity and costs [7-10].

Although in the first published scientific literature, no side effects associated
with its use were described, Pollard and Macfarlane [11] in 1988 presented the first
series that describes the morbidity associated with ureteral stents, with a decrease in
quality of life in 80% of patients and 90% of urinary symptoms associated with the
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stent (SRS). Subsequent studies confirmed similar morbidity rates [12, 13], con-
firming the side effects associated with its use.

The objective of this chapter is to evaluate the impact on the quality of life of
patients with ureteral stents.

2 Symptoms Related to Ureteral Stents

The main symptoms related to urinary stents are:

2.1 Lower Urinary Tract

Storage symptoms of the lower urinary tract are the most prevalent ones in patients
with ureteral stents and that cause the greatest loss of quality of life. They are related
to the bladder mucosa irritation, produced by mechanical scratching of the stent
and, it has been related to the spasmodic contractions of the ureter produced by the
presence of an inner foreign body. There are also factors related to the type of stent
selected:

Ureteral stent length: A published randomized clinical trial [14] confirmed that
urgency and dysuria were common with longer stents and negatively affected the
patients’ quality of life. Along the same lines, Taguchi et al. [15] and Al-kandari
[16] also found greater urgency, dysuria, as well as a worse quality of life in
patients with ureteral stents that crossed the bladder midline. The gold standard
for measuring the required stent length remains the insertion of a graduated ure-
teral catheter, measuring the distance between ureteropelvic junction (UPJ) and
ureterovesical junction (UVJ) [17]. Lee at al [18] correlated the length of the stent
with the height of the patient. On the other hand, Ho et al. [19] proposed a math-
ematical formula (length = 0.125 x body height + 0.5 cm) to calculate the length
of the stent.

Calibre of urinary stents: Another aspect evaluated, is whether the thickness of
the ureteral stent can influence the worsening of symptoms and the deterioration of
the patient’s quality of life. Candela et al. [20] compared stent diameter and compo-
sition with patient symptoms occurring from stent placed for a variety of reasons.
They did not find a difference in terms of patient tolerance. Erturk et al. [21] per-
formed a study comparing pain and storage urinary symptoms in patients undergo-
ing stent positioning of different sizes after ureteroscopy. They showed no
differences between the studied groups. Similarly Chandhoke et al. [22] in a study
conducted with patients having shock wave lithotripsy (SWL) noted no significant
differences in terms of pain and irritation using stents of two different diameters.
Along the same lines, Damiano et al. [23] found no differences between stents of
different diameters, but they did reflect a higher frequency of migration in those
with a smaller diameter.
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Distal coil shape: As the distal coil of the stent is hypothesized to be in part
responsible for SRS, several design alterations have been proposed to reduce SRS. A
loop, a tail and a simple suture in several trials have replaced the conventional distal
coil [24].

Stent composition: The stent composition can influence symptoms depending on
its biocompatibility and the tissue reaction. Currently used biomaterials for stent
construction are synthetic polymers or (proprietary) copolymers such as silicone,
polyethylene, polyurethane, C-Flex®, Silitek®, Pellethane®, Vertex® and Percuflex™
[24]. The most biocompatible material is silicone, but its high coefficient of friction
can make stent insertion difficult [25]. Scarneciu et al. [26] used the Flanagan life
scale (QOLS) as a tool for evaluating quality of life with different stent materials
(40.98% aliphatic polyurethane, hydrophilic polyurethane coating (20.72%), carbo-
thane (17.82%).), silicon (20.46%). None of the materials proved to be superior in
terms of symptomatology.

2.2 Pain

Pain is one of the symptoms that occurs in up to 80% of patients, predominantly in
the lower back associated with urination. Intravesical pressure increases with detru-
sor contraction and this pressure increase can be transmitted by reflux to the renal
unit, triggering flank pain [27]. Suprapubic pain can result from local bladder irrita-
tion by the distal coil or as a secondary sign of associated complication such as
encrustation or infection [14]. Different stents have been designed with anti-reflux
mechanisms to reduce the pain associated with reflux; at the distal end of the stent,
a valve mechanism allows drainage of the kidney but closes with increasing intra-
vesical pressure [28]. Ritter et al. [29] compared the antireflux stent with a conven-
tional stent, without finding significant differences, probably due to a small sample
size (29 patients). However, Ecke et al. [30] reached a significantly lower complica-
tion rate and higher acceptance rate with an antirefluxive stent. Although many
promising designs have been developed, these have not entered routine clinical
practice yet [24] (Fig. 1).

Fig. 1 Encrustations on
stent
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2.3 Urinary Tract Infection

Patients with ureteral stents are prone to urinary tract infection. Therefore, antibiot-
ics should be administered prophylactically before stent placement and removal
[31]. The ureteral stent acts as a foreign body and therefore bacteria often colonize
them, usually within the first 2 weeks after stent placement.

Colonization rates of the ureteral stent are 100% in patients with permanent
stents and 69.3% in patients with temporary stents [32, 33]. However, long-term
therapy does not provide benefit in patients with asymptomatic bacteriuria.
Additionally, diabetes mellitus, chronic renal failure and pregnancy were associated
with a higher risk of stent related bacteriuria [34]. Biofilm formation on the stent
surface has been implicated as an important step in the process of stent associated
UTIL, stent encrustation and SRS. The impact of biofilms on stent morbidity has
been discussed controversially [35]. Within this biofilm, microorganisms are pro-
tected from host defences and antibiotics, which may lead to an accelerated devel-
opment of antibiotic resistance.

Coatings have been proven to prevent or reduce biofilm formation to a clinically
relevant extent [36]. The associated symptoms of long-lasting DJS and the influence
of biofilm formation have also been evaluated. Biofilm formation on ureteral stents
does not seem to be the relevant driver of symptoms. Long-term Double-J stenting
provides a valuable treatment option, if stent-associated symptoms are low during
the initial indwelling period. Thus, symptoms remain stable over the long-term
course and the majority of patients are satisfied with the treatment [37].

The indwelling time is the most important risk factor for encrustation [24], that
can make it difficult or impossible to remove it. The encrustation and cellular adher-
ence, which, in turn, promotes urinary tract infection, can induce impaired healing
in case of ureteral damage [38]. Cadieux et al. [39] show that although triclosan-
eluting stents did not show a clinical benefit in terms of urine and stent cultures or
overall case symptoms compared with controls, it resulted in decreased antibiotic
prescription and significantly fewer symptomatic infections. Urine pH and super-
saturation also play a very important role, the incidence of embedded stent could be
minimized by acidifying the urine and increasing urinary crystallization inhibitors.
Torrecilla et al. [40] describe a significant decrease in encrustation in the group that
received treatment with L-methionine and phytate compared to the control group.
Removal of embedded ureteral stents requires careful planning to avoid
fragmentation.

3 Assessment of the Quality of Life of Patients
with Urinary Stents

According to the World Health Organization (WHO), QoL is described as the indi-
vidual’s perception of their life positions under the perspective of the culture and
value system in which they are inserted, including individual goals, expectations,
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standards and priorities [41]. Different tools have been designed to determine the
quality of life in different settings.

The most widely used tool to assess the impact on quality of life in patients with
ureteral stents is the Ureteral Stent Symptom Questionnaire (USSQ) specifically
designed to obtain a psychometrically valid measure to evaluate symptoms and
impact on quality of life of ureteral stents. It was developed and published by Joshi
etal. [42] in 2003 as a valid instrument to evaluate the impact and compare different
types of stent in six health domains: three specific to the stent (voiding symptoms,
pain, additional problems) and three general aspects (general health status, work
environment and sexual life) in 38 items.

Another widely used tool has been the International Prostate Symptom Score
(IPSS), which is the most widely used questionnaire to quantify the symptoms
derived from benign prostatic hyperplasia. It is not a specific to evaluate the impact
of the stent. However, it has been widely used for this purpose, especially prior to
the publication of the USSQ. It consists of eight questions: three filling symptoms
questions, four emptying symptoms questions, and one quality of life question.

Other questionnaires to assess health-related quality of life (HRQoL) in the gen-
eral population are the SF-36 health questionnaire, EuroQoL 5D, and the Flanagan’s
Quality of Life Scale. The SF-36 [43] is made up of 36 items that assesses eight
scales: Physical function, physical role, bodily pain, general health, vitality, social
function, emotional role, and mental health. As a limitation of the questionnaire, it
does not include some important health aspects such as sleep disorders, cognitive
function, family function and sexual function. Another frequently used question-
naire, the EuroQoL-5D (EQ-5D) [44] assesses five dimensions of health status:
mobility, personal care, daily activities, pain/discomfort and anxiety/depression and
includes the visual analog pain scale (VAS).

The use of these tools has made it possible to quantify the impact on quality of
life produced by urinary stents.

3.1 Impact on Quality of Life in Patients of Ureteral Stent

Ureteral stent placement has a variable degree of impact across all general health
domains. Many patients report fatigue, dependence to perform daily activities, and
even reduce their social life while presenting symptoms associated with the stent.
The stent can also lead to a worsening in the quality of sleep and the appearance of
anxiety [45].

Studies that have used the USSQ questionnaire have shown that patients with
ureteral stents present an increase in LUTS with a significantly reduced quality of
life on the scales of body pain, perception of general health, mental health, social
functioning and physical functioning.

There is some controversy regarding stent tolerance based on the age of the
patient. Irani et al. observed that stents are less well tolerated by younger patients
[46]. However, Joshi et al. [12] did not observe any correlation between urinary
symptoms and the age of the patients [47].
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The fall in the sexual sphere has an important impact on the quality of life. The
use of DJS can produce various symptoms within the sexual sphere such as pain
during sexual intercourse, dyspareunia, ejaculodynia, erectile dysfunction or
decreased libido among others. The study by Joshi et al. [12] revealed that 35% of
sexually active patients had pain during sexual intercourse. Sexual health, although
affected by stents, might have been perceived as a lesser problem. It seems not a
major problem with short stent indwelling time (week 1) but it becomes important
as the stent endures. The impact of stents was not only related to the pain during
sexual activity, but also appeared to be affecting overall sexual satisfaction.

Other studies such as that of Leibovici et al. [48], described that 62.6% of
sexually active patients had pain during intercourse (32% men), ejaculodynia
(46%), dyspareunia (62%), erectile dysfunction (20%), decreased libido (38%
men and 66% women) and fear that intercourse would be harmful to the DJS
(54% women). Globally, women presented more problems than men did. A
meta-analysis carried out by Lu et al. [49] in which five prospective studies
were included, to analyse sexual health after an endourological procedure or
stent, showed that in patients without a double-J stent, the change in sexual
function after endourological procedures was not significant in men nor women.
However, in patients with indwelling double-J stent, sexual function scores sig-
nificantly declined after the procedure in both men and women. One study
reported that sexual deterioration in women recovered 1 month after stent
removal [50]. In another study, the IIEF score remained unchanged on the tenth
day after stent removal when compared with the preoperative baseline value
[51]. These results suggest that sexual function was impaired after employing a
stent but recovered soon following stent removal.

On the other hand, Zhu et al. [52] and Giannarini et al. [53] showed impairment
in sexual health in patients compared to that in healthy individuals at 4 weeks after
stent placement. By contrast, some studies showed no significant difference when
comparing sexual health at the fourth week after placement with the fourth week
after removal [54]. A slight improvement of symptoms after stent removal may
account for these results.

The described symptoms related to the ureteral stent can be the cause of sick
leave, depending on the type of work activity, with a significant impact on the pro-
ductivity of the active population [13].

Joshi et al. [12] found that 26% of patients who wore DJS for 4 weeks spent more
than 2 days in bed (range 3—14 days) and 42% had to reduce activities by more than
3 half days or more (4-28 half days). Similarly, the presence of the stent resulted in
a reduction in the quality of work.

Along the same lines, Leibovici et al. [48] found that 45% of patients lost some
days of work during the first 2 weeks after stent placement. At 30 and 45 days
after placement, 30% and 32% respectively also lost days of work due to sick
leave. All days off were attributed to DJS-related symptoms. Although there
seems to be a progressive tolerance over time with less loss of workdays due to
work leave [13].
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4 Innovations for the Improvement of Stented Patients
Quality of Life

Informing the patient about the symptoms and the impact on quality of life prior to
the placement of a stent can help to understand the symptoms and improve their
perception, as described by Abt et al. [55]. However, the influence of information on
the incidence and extent of symptoms appears limited.

Management should be focused on the prevention and management of symp-
toms. In this sense, research has focused on new materials and stent designs that
would be more compatible to the physiologic properties of the urinary tract and
medications that can ameliorate the sensitivity and motor response of the bladder.
All research efforts are focused on approaching the ideal conditions that a stent
should meet. The ideal stent would provide adequate urinary drainage, resist migra-
tion, encrustation and bacterial colonization. It should be easy to insert and remove,
minimize stent-related morbidity, and low cost. Resistant to compression, bio-
durable and biocompatible.

The stent design aims to improve patient comfort, stent handling and reduce the
incidence of urinary tract infections and encrustations. Modern science still offers
many alternatives in order to invent the “ideal stent”. Thermo-expandable stents are
increasingly being studied, thermo-expandable shape memory stents, stents made
of biodegradable or bioabsorbable materials, coated stents with various substances
as heparin, various enzymes, hydrogel, antibiotics and antifungal medication or
anti-inflammatory medication [26].
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