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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



Indications, Complications and Side Effects of Ureteral Stents 9

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



12 D. Pérez-Fentes et al.

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 