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General introduction and outline

1.1 BENIGN PROSTATIC HYPERPLASIA AND LOWER
URINARY TRACT SYMPTOMS
Benign prostatic hyperplasia (BPH) is a histologically diagnosed condition which, by
itself, may not cause any symptoms. However, the prostatic enlargement associated
with hyperplasia can lead to an increase in urethral resistance, causing bladder outlet
obstruction (BOO), which is one of the factors contributing to the development of
lower urinary tract symptoms (LUTS). LUTS suggestive of BPH (LUTS/BPH) can consist
of voiding symptoms (such as hesitancy, poor urinary flow, intermittent voiding and
a sensation of incomplete emptying of the bladder) and storage symptoms (such as
frequency, urgency and nocturia).
The prevalence of histologically confirmed BPH increases with age, with a prevalence
of 8% in the fourth decade, 50% at the age of 51-60 and by the seventh decade, it
has increased to more than 70%.1 The prevalence rates of LUTS/BPH vary widely in
the literature. This can be explained by the fact that over the years, the terminology
for these symptoms has changed, and the various papers use different definitions of
LUTS/BPH.2 However, the available epidemiological data consistently suggest, that the
prevalence of LUTS/BPH also increases with age.2-5 A community-based study in the
Netherlands shows a prevalence of moderate to severe LUTS of 20% in men aged 50
to 79.2 This implies that more than 490000 men in the Netherlands had LUTS in 20086.
This indicates that LUTS/BPH can be considered an important health problem.

C HAP TER

1

1.2 TREATMENT OF LUTS/BPH
In the past, the treatment options for LUTS/BPH primarily consisted of surgical resection
of the prostate, such as transurethral resection of the prostate (TURP) and open
prostatectomy. Over the past decades, however, several minimally invasive therapies
have been introduced. These include transurethral microwave therapy (TUMT)7, 8,
transurethral needle ablation (TUNA)9, 10, various laser prostatectomies11, such as the
holmium laser enucleation12 and photoselective vaporization of the prostate (GreenLight
PV)13, and prostatic stents.14-24
The treatment options for LUTS/BPH in patients with moderate symptoms have been
expanded extensively with the development of medical therapies. Current medical
therapies for LUTS/BPH include the 5α-reductase inhibitors finasteride25-27 and
dutasteride28 that reduce prostate size and α1-adrenoceptor antagonists (α-blockers),
such as alfuzosin29, doxazosin30, tamsulosin31 and terazosin.32

9
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1.3 AIM AND OUTLINE OF THIS THESIS
The aim of this thesis is to obtain more insight into the position of two treatment options
for LUTS/BPH patients: prostatic stents and α-blockers. In addition, we have specifically
looked into various aspects related to quality of life (QoL) in the treatment of patients
with LUTS/BPH.
Prostatic stents were one of the first minimally invasive techniques in the treatment of
LUTS/BPH. They have been under investigation since 198022 and over the past decades,
numerous different stent designs have been developed. Because many problems
were encountered with all of these stents14, 17-24, 33-46, prostatic stents have never
been commonly used in urological practice. To gain a better success rate with lower
complication rates than the existing stent designs, in the early 2000s’, three new stents
were developed: the hourglass-shaped Horizon prostatic stent, its successor the bellshaped Horizon prostatic stent and the blind-placement stent. This thesis discusses the
results of studies to the efficacy and safety of these stents.
α-Blockers were introduced in the treatment of LUTS/BPH more than 30 years ago.47 The
α-blocker tamsulosin is currently the most commonly prescribed α-blocker internationally.
In 2005, a new formulation of tamsulosin (the oral controlled absorption system (OCAS))
was developed to improve the pharmacokinetic profile of the existing tamsulosin
modified release (MR) formulation. The exact position of this new formulation has not
yet been established. Therefore, we systematically analyse the available knowledge on
tamsulosin OCAS in this thesis.
In addition to studying the efficacy and safety of both prostatic stents and α-blockers,
we have studied various aspects related to QoL in the treatment of patients with
LUTS/BPH. In the vast majority of patients, the aim of treatment is to improve QoL by
alleviation of symptoms.48 Increased symptom severity in LUTS/BPH is associated with a
worse disease-specific health related QoL.49-52 The results of many studies demonstrate
that storage symptoms may contribute to this reduced QoL to a greater extent than
voiding symptoms prior to treatment53-57, but few other studies in men report a stronger
association of voiding symptoms compared to storage symptoms with a reduced QoL.58
It is not yet known whether these associations sustain after treatment. Therefore, we
explored the association of both voiding and storage symptoms with QoL before and
after treatment.
Of all LUTS/BPH symptoms, nocturia appears to be one of the most bothersome
symptoms.57, 59, 60 Therefore, the question arises whether the improvements in QoL
found after LUTS/BPH treatments can be (partially) explained by treatment-related
improvements of nocturia, which we investigate in this thesis. Sexual function is generally
acknowledged as another important determinant of QoL.61, 62 Because many patients
with LUTS/BPH have concomitant sexual dysfunction, the effect of treatment should not
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General introduction and outline

further impair sexual function. The effect on sexual function of both prostatic stents and
α-blockers therefore also is a subject of study in this thesis.
The following sections of this introduction concisely discuss the current knowledge
of prostatic stents and α-blockers. The importance of nocturia and sexual function
as parameters in the evaluation of LUTS/BPH treatment are explained in separate
paragraphs.

C HAP TER
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1.3.1 PROSTATIC STENTS
The use of an endoprosthesis to preserve luminal patency is a well-established concept
used in a variety of medical fields, including cardiovascular, gastrointestinal and urological
pathologies. The practice of stenting the prostatic urethra to relieve obstruction due
to prostatic enlargement was first described by Fabian in 1980.22 This technique
aims at rapid alleviation of symptoms, while circumventing surgical or pharmaceutical
intervention.
Prostatic stents were primarily designed as an alternative to an indwelling catheter in
patients unfit for surgery due to various co-morbidities. However, some studies also
assess the use of prostatic stents as a primary treatment option in patients without
significant co-morbidities.15, 20, 63 Finally, prostatic stents have been used after various
thermotherapy treatments to prevent postoperative urinary retention caused by oedema.
The 4th International Consultation on BPH64 defined the criteria of the ideal prostatic
stent design as follows: “The ideal stent should be easy to insert under local anaesthesia.
The diameter of the stent should be wide enough to allow cystoscopy. It should remain
in position for a prolonged period of time, without migration. Insertion of the stent
should relieve all the symptoms of the patient. Neither local reaction nor encrustation
should occur. Furthermore, it should be easy to remove the stent, if necessary”.
Over the years, a range of different types of stent have been developed and subjected
to clinical study. In the literature, prostatic stents have generally been divided into
two categories: permanent and temporary stents. Permanent stents are constructed
to allow epithelial ingrowth followed by complete epithelialization.14, 17, 42, 46, 63 This
results in the stent being permanently embedded in the wall of the urethra. The
epithelialization should prevent stent-migration and deposition of urinary crystals on the
stent. The chance of developing infections should also be diminished by the process of
epithelialization. Disadvantages of this process are that the tissue response may result
in luminal narrowing and that stents may be difficult to remove. In contrast, temporary
stents are designed to prevent epithelial ingrowth and these devices are thus easily
removable. But as a result, these devices are prone to migration. In various studies,
temporary stents are left in situ for any length of time, ranging from a few weeks up
to eight years. Temporary stents can essentially be classified into three groups; spiral
stents (first23, 24, 37-41 and second33, 34, 36 generation), polyurethane stents18-20, 44 and
biodegradable stents.21, 35, 43
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The success rates of the different stent designs vary widely and many complications,
such as migration, irritative symptoms and encrustation, occur. This is why the use of
prostatic stents has never gained wide acceptance among urologists. To overcome
the limitations of the existing stent designs, two spiral prostatic stents (the hourglassshaped Horizon prostatic stent and its successor, the bell-shaped Horizon prostatic stent)
and one polyurethane stents were designed. In this thesis, we discuss the results of
studies on the efficacy and safety of these temporary stents. Current clinical guidelines
advocate their use in high-risk patients, as an alternative to transurethral catheterisation,
only.65, 66 However, since the stents described in this thesis were specifically designed
to prevent the above-mentioned complications, the studies were at the time performed
with patients without significant co-morbidities.
Chapter 2 describes the results of a study to the hourglass-shaped stent, an example of
a thermo-expandable spiral prostatic stent, made of nitinol. The hourglass-shaped stent
was designed with an increasing diameter towards both ends of the stent. A prospective
study with 35 patients with LUTS/BPH was performed to assess the efficacy and safety
of the hourglass-shaped stent.
Because of a high migration rate, the hourglass-shaped stent appeared unsuitable
for clinical practice. Adjustments in stent design led to the development of the bellshaped prostatic stent. In contrast to its predecessor, the bell-shaped prostatic stent
was designed with an increasing diameter towards the distal end of the stent only, with
the purpose of fixing it at the apex of the prostatic fossa. A prospective study with
108 LUTS/BPH patients was conducted to assess the efficacy and safety of the bellshaped prostatic stent. In chapter 3, we discuss the results of the insertion and removal
procedure, the effect on voiding parameters and symptom scores and the complications.
Chapter 4 discusses the effect on sexual function of the bell-shaped prostatic stent in
this group of patients.
Chapter 5 presents the results of a study on the efficacy and safety of two versions
of the blind-placement stent, a disposable silicone stent. The first version of the blindplacement stent (BPS-1) consisted of one segment of a 22F silicone stent with a stainless
steel coiled wire reinforcement, a coude tip, and an extruded malecot section. The
second version of the BPS (BPS-2) consisted of all the elements of BPS-1 as well as an
additional 2-cm bulbar segment to prevent migration. This bulbar urethral segment was
located below the external striated sphincter. A connecting suture between the two
parts of the stent bridged the sphincter, securing normal functioning of the sphincter
and consequently ensuring micturition control. The study was performed with 55
patients with LUTS/BPH.

1.3.2 α1-ADRENOCEPTOR ANTAGONISTS
α-Blockers act by antagonising α1-ARs, of which 3 subtypes have been identified: α1A ,
α1B, α1D.67 All three α1-AR’s have been detected in prostatic stromal tissue at the mRNA
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level68, whereas only α1A and α1B were found at the protein level in the human prostate.
With regard to human prostate contraction, only the α1A -AR is involved, perhaps in
a functional state sometimes referred to as α1L.69 In the human detrusor, the α1D -AR
is more predominant than the α1A -AR and the α1B -AR is not present at all. In the
micturition-related parts of the spinal cord, predominantly α1D -AR have been found.70
The different α-blockers have different subtype selectivity. Alfuzosin, doxazosin and
terazosin act on all 3 subtypes of the α1-AR, whereas tamsulosin shows an α1-AR
selectivity of α1A > α1D > α1B.
Studies with various α-blockers showed improvements of average total symptom score
of 30% to 45% and improvements of maximum urinary flow (Qmax) of 15% to 30%.71
It has long been believed that the alleviation of LUTS seen with α-blocker treatment is
caused by reducing BOO by relaxing prostatic smooth muscle. However, relief of LUTS/
BPH with α-blocker treatment may be more complex than originally assumed.68, 72, 73
Several recent papers suggest that the beneficial effect of α-blockers in patients with
LUTS might rather involve action on extra-prostatic α1-ARs, such as in the spinal cord70,
73, 74 and/or in the urinary bladder.75-77
Alfuzosin, doxazosin, terazosin and tamsulosin have been shown to be similarly effective
in improving symptoms of LUTS/BPH.78-80 Side-effects of α-blockers are mostly related
to the effect of these drugs on the cardiovascular system. By acting on the α1-AR’s in
the vascular system, α-blockers can interfere with the blood pressure regulation during
postural changes. This may lead to orthostatic hypotension and dizziness. All three
α1-AR’s are present in the cardiovascular system, but because of the fact that ageing
appears to be associated with an up-regulation of α1B -AR’s in the vasculature, drugs
that do not inhibit α1B -AR’s (such as tamsulosin) are less likely to cause cardio-vascular
side-effects.81
The in 2005 released formulation of tamsulosin, tamsulosin OCAS, was developed to
improve the pharmacokinetic profile of the existing tamsulosin MR formulation. The
goals were 3-fold: it should provide (1) a lower maximum plasma concentration (Cmax),
(2) a more constant release of tamsulosin over 24 hours and (3) independence of the
pharmacokinetics on food intake, thereby providing a better efficacy/safety ratio.82
Because its definite role within the treatment of LUTS/BPH still needs to be clarified, we
discuss the results of several studies on this new formulation of tamsulosin in chapter 6.

C HAP TER

1

1.3.3 LUTS AND QUALITY OF LIFE
Several community based surveys demonstrate that an increased urinary symptom
severity is associated with a worse disease specific health related QoL, independent of age
and various chronic illnesses.49-52 Studies have shown that although voiding symptoms
are in general more prevalent than storage symptoms, they are not necessarily the most
bothersome.83 In contrast, the symptoms urgency, frequency and nocturia appear to
bother patients most.57, 59, 60 Since most studies have evaluated the association between
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the different symptoms and QoL prior to treatment only, the established association
between LUTS and QoL does not automatically imply causality. We feel that evidence
for a cause-effect relation could be strengthened by an exploration of the associations
between treatment-associated changes of symptoms and treatment-associated changes
of QoL. While various treatment forms have consistently shown QoL improvement in
LUTS/BPH patients84, the relation between improvements of voiding and storage subscores with those of QoL has – to the best of our knowledge – not been studied before.
Therefore, in chapter 7, we looked into these relations by performing a retrospective
analysis of a single-center database generated during routine care with 2611 patients
diagnosed with LUTS/BPH. In this chapter we additionally explore whether the LUTS/
BPH treatments watchful waiting, TURP and TUMT differ in their effect on Qmax,
voiding and storage symptoms – in comparison to α-blockers.
Nocturia, as one of the storage symptoms, has received much attention in the literature
in recent years. Several studies have reported an association of nocturia with a reduced
QoL in multiple regression analyses, hence correcting for the relatedness of the various
LUTS.85, 86
The prevalence of nocturia in community based populations increases with age, reaching
a prevalence of 30-50% in men and women aged over 60 years.87-89 It should be kept
in mind that the aetiology of nocturia comprises many factors other than LUTS/BPH.
These include overactive bladder syndrome, diabetes mellitus, heart failure, oedema due
to chronic venous insufficiency, use of diuretics at night and high fluid (alcohol) intake
at night.83, 90 Nocturia can be considered an important health risk, since it is strongly
associated with insomnia, which may induce excessive daytime fatigue, cognitive
impairment and increased susceptibility to disease. Interestingly, nocturia seems to be
associated with depression and even an increased mortality rate. In addition, nocturia
is an independent risk factor for falls and as a consequence fractures in the elderly
population.90, 91 In this respect, it is of importance that LUTS/BPH treatments strive to
reduce the severity of nocturia. There is poor evidence on medical treatment of LUTS/
BPH and its effect on nocturia. Some placebo-controlled trials suggest a beneficial effect
on nocturia for α-blockers.92-98 This has not been shown for the 5α-reductase inhibitor
finasteride.97, 97, 98, 98 Even less is known about the effects of other forms of LUTS/BPH
treatment, like TURP and minimally invasive therapies, on nocturia. One cohort study with
newly diagnosed LUTS/BPH patients has shown that both treatment with tamsulosin
and TURP significantly reduces the number of episodes of nocturia.99 However, the rates
of improvement are lower for nocturia than for all the other symptoms assessed with
the International Prostate Symptom Score (IPSS).
Whereas all these treatments are known to improve QoL in LUTS/BPH patients, it is
not yet clear whether the improvements of QoL can be explained by improvements in
nocturia and/or the other LUTS. Therefore, in chapter 8, we investigate how treatmentrelated improvements of nocturia relate to improvements of QoL. To answer this
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question, we again performed a retrospective analysis of a single centre database of
2611 patients with LUTS/BPH. This way, we aimed to confirm the association of nocturia
with the QoL question of the IPSS. Additionally, we used his database to explore the
effect of watchful waiting, TURP and TUMT on nocturia – in comparison to α-blockers.

C HAP TER

1

1.3.4 LUTS AND SEXUAL DYSFUNCTION
Patients with LUTS/BPH are often reported to experience sexual dysfunction. Since
both LUTS/BPH and sexual dysfunction are age-related conditions, the question arises
whether these conditions are associated in any way or whether their coexistence in
elderly patients is simply due to the fact that the incidences of these conditions both
increase with age. Among the majority of urologists, these two conditions had long
been considered as separate entities.100, 101 However, in the recent literature, increasing
evidence has come to light that the co-existence of the two conditions is more than
coincidental.102-111 Do these surveys consistently confirm an age-independent association
between LUTS and sexual dysfunction? Chapter 9 provides a review of the recent
literature in which the conventional beliefs on this topic are reconsidered.
As stated above, improving QoL by alleviation of symptoms is the motivation for
treatment in the majority of patients. Because sexual function is generally acknowledged
as an important determinant of QoL, the treatment of LUTS/BPH should aim to at least
preserve sexual function. In the existing literature, only very little attention had been paid
to the possible side-effects of prostatic stents on sexual function. Therefore, the effect
of the bell-shaped prostatic stent on sexual function was also assessed in this thesis
(chapter 4). Although adverse effects on sexual function of the different α-blockers are
described in the regulatory information of the individual drugs and in the results of many
clinical trials, a comprehensive overview on the effect of the different α-blockers on
sexual function is lacking. To be able to compare the effect of the different α-blockers
on sexual function, we performed an extensive review of the available literature in
chapter 10.
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INTRODUCTION
Several minimally invasive therapeutic options for patients with lower urinary tract
symptoms (LUTS) due to bladder outlet obstruction (BOO) have been a subject of study
as an alternative to surgery. One of those alternative treatments is the technique of
stenting the prostatic urethra, which aims at rapid alleviation of symptoms by relieving
the obstruction.
Since the first use of prostatic stents, described by Fabian in 19801, various stents,
differing in design and material, have become available and permanent and temporary
applications have been investigated. One example of a stent designed for temporary use
is the spiral stent, of which several designs have been developed. These are based on
Fabian’s original stent and can be divided into first-generation and second-generation
stents. First generation spiral stents are nonexpandable coiled wires made of stainless
steel (Urospiral, Prostakath).2-8 The initial results of these stents in the treatment of
symptomatic BOO were encouraging. However, many problems were encountered,
including migration, encrustation and irritative symptoms. To overcome these problems,
second-generation stents were developed. They are made of an alloy of nickel plus
titanium (nitinol) and -depending on the composition- are either self-expandable or
thermo-expandable. In the studies of the self-expandable Prostacoil and thermoexpandable Memokath, improved success rates were reported.9-11 However, although
these models have reduced complications such as encrustation, problems such as
migration and irritative symptoms still frequently occurred.
Another example of a second-generation spiral stent with a thermal shape memory is the
hourglass-shaped prostatic stent. With the aim of preventing migration, this stent was
designed with an increasing diameter toward both ends of the stent (hourglass shape),
in contrast to the diameter of other second-generation spiral stents that only increases
toward one end of the stent (Memokath) or does not increase at all (Prostacoil). To
our knowledge, no studies of this type of temporary stent have yet been published. A
prospective study was conducted to determine the efficacy and safety of the hourglassshaped nitinol stent in the treatment of patients with LUTS due to BOO. We report our
experience with this stent in 35 patients.
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MATERIAL AND METHODS
Patients
Patients with moderate to severe LUTS or a significant postvoid residual (PVR) urine
volume due to BOO were enrolled in this prospective trial. Exclusion criteria were a
history of prostate or bladder surgery, any malignant disease of the urinary tract, pelvic
surgery or irradiation, urolithiasis, known insufficient detrusor contractions, documented
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Figure 1: Two hourglass-shaped
nitinol prostatic stents with a
length of 3.5 cm (A) and 2.5
cm (B).

urethral stricture, enlarged prostatic middle lobe, gross hematuria and urinary tract
infection.
The pretreatment evaluation included transrectal ultrasonography to determine the
prostate volume, uroflowmetry to measure the maximal urinary flow (Qmax) and an
ultrasonography of the bladder to assess the PVR urine volume. To determine the
symptom scores, the International Prostate Symptom Score (IPSS) and Quality of Life
(QoL) questionnaires were administered. Follow-up evaluations were performed directly
after placement of the stent and at 14 days and 1, 3, 6 and 12 months after stent
insertion.

Prostatic stent
The stent used in this trial is a nitinol coiled wire with a larger diameter at each end
with the aim of preventing migration (hourglass-shape; Figure 1). The nitinol has a
temperature-based shape memory which makes the stent soft and malleable when
cooled, returning to its original shape when heated to a temperature of 37 to 42°C.
It is available in five lengths, ranging from 2.0 to 4.0 cm. The diameter of all stent
sizes is ~1.5 cm at both ends and ~1.2 cm in the middle of the stent when expanded.
For introduction into the prostatic urethra, it is preloaded into a delivery system that
consists of 3 coaxially placed plastic tubes. The stent is positioned between the inner
and the middle tube and is attached to two wires that restrain the stent to prevent it
from deploying until properly positioned. The inside diameter of the inner tube is slightly
larger than 12F to accommodate a 12F rigid cystoscope. The outside diameter of the
delivery system is approximately 24F. Small holes in the system facilitate water irrigation
for visualisation during stent placement.
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Insertion
Insertion of the stent took place in an outpatient setting under local anaesthesia. Before
the procedure, patients were given oral antibiotic prophylaxis. With the patient in the
lithotomy position, an anesthetic lubricant was injected into the urethra. The length
of the prostatic urethra, from the bladder neck to the verumontanum, was measured
cystoscopically using a 5F calibration catheter. The appropriate stent length, which should
ideally be the same as the length of the prostatic urethra, was selected. In patients with
a prostatic urethra longer than 4.0 cm, a 4.0-cm stent was used. A rigid 0º cystoscope
was inserted through the delivery system. The delivery system and cystoscope were
advanced through the urethra under direct vision until the tip of the delivery system was
at the bladder neck. This would position the stent at approximately 0.5 cm proximally
from the bladder neck. The stent was released by unfastening the restraining wires,
while irrigating with a heated (37ºC) irrigation solution for complete expansion. Next,
the delivery system was retracted from the urethra. Subsequently, cystoscopy was
performed to verify correct placement of the stent. At the follow-up visits, the position
of the stent was checked with abdominal ultrasonography of the bladder.
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Removal
Removal of the stent was also performed under local anaesthesia in the outpatient
department. With the patient in the lithotomy position, an anesthetic lubricant was
injected into the urethra after which a cystoscope with its sheath was inserted. The stent
was irrigated with cooled (10ºC) irrigation solution, causing the stent to become soft
and pliable. Under direct vision, the stent was pushed into the bladder, after which it
was grasped with a forceps and pulled outside through the sheath.

Statistical analysis
Data were analyzed using Statistical Package for Social Science for Windows, version
11.5. To evaluate the longitudinal changes in voiding parameters and symptom scores,
the Wilcoxon signed-rank test was used. Inferential statistical tests were significant at
p<0.05, but where appropriate, the Bonferroni correction was applied. Kaplan-Meier
survival analysis was performed to assess the “survival” of the stent. In this analysis,
the terminal event was defined as removal of the stent and patients in whom stent
placement was not accomplished were not included. Spearman bivariate correlation
analyses were performed between prostate volume or stent length and the number of
days of the stent in situ.
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RESULTS
Patients
Between January and May 2002, a total of 35 men with a mean age of 66 (SD ± 7) were
enrolled in the trial. The mean prostate volume at baseline was 57 cm3 (± 21, range 22
to 112). The other mean baseline characteristics were PVR urine volume of 134 ml (±
124), Qmax of 9.0 ml/s (± 4.2), IPSS of 21 (± 7) and QoL score of 3.6 (±1.3).

Insertion
Stents were successfully implanted in 30 patients (86%). In 4 patients (14%), insertion of
the stent was not possible owing to anatomical limitations including a steep bladder neck
in 2, narrow meatus in 1, and a urethral stricture in 1. One patient could not sufficiently
relax, after which it was decided to terminate the procedure. All other patients tolerated
the placement well and did not need any additional pain medication. Multiple placement
attempts were necessary in 5 patients and stent repositioning during the placement
procedure took place in 6 patients. Cystoscopy after the placement of the stent showed
that all stents had properly expanded. After the procedure, minimal transient haematuria
was observed in all patients, which did not cause any clot retention or anemia.

Voiding function
Spontaneous voiding was achieved in all patients immediately after stent insertion. The
results of the voiding parameters before and after stent placement are shown in Table
1. After the initial significant improvement of the mean Qmax compared with baseline,
the maximal flow decreased, reaching values below baseline at 12 months. The PVR
volume also improved significantly immediately after stent placement. The PVR volumes
remained at less than baseline during the entire follow-up period.

Symptoms
The mean and median symptom scores before insertion of the hourglass-shaped nitinol
prostatic stent and at each follow-up visit are presented in Table 1. Wilcoxon signedrank tests demonstrated that improvements in IPSS and QoL scores were statistically
significant at 1 and 3 months. At 6 and 12 months of follow-up, the IPSS and QoL
scores had also improved compared with baseline; these differences, however, were not
statistically significant.

Survival analysis
The median indwelling time of the hourglass-shaped nitinol prostatic stent was 70
days. Kaplan-Meier survival analysis showed that 2 weeks after stent insertion, 22 of
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Table 1 Voiding parameters and symptom scores before and after stent placement
Qmax (ml/s)

PVR (ml/s)

Mean (± SD)

Median

8.9 (± 4.2)

7.6

Direct (n=30)

18.3 (± 11.1)

14.6

0.001

34 (± 58)

0

0.001

2 weeks (n=22)

11.5 (± 6.2)

10.6

0.287

91 (± 133)

27

0.070

1 months (n=20)

12.9 (± 7.0)

12.9

0.149

84 (± 109)

43

0.036

3 months (n=12)

12.2 (± 4.8)

11.7

0.136

54 (± 119)

20

0.021

6 months (n=10)

9.0 (± 4.7)

6.6

0.833

95 (± 130)

32

0.484

1 year (n=7)

5.9 (± 2.7)

5.9

0.593

72 (± 64)

97

0.655

Baseline (n=35)

p-value*

Mean (± SD)

Median

134 (± 124)

110

IPSS
Mean (± SD)

Median

p-value*
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QoL
p-value*

Baseline (n=35)

21 (± 7)

22

2 weeks (n=22)

17 (± 9)

17

0.030

1 month (n=20)

14 (± 6)

14

3 months (n=12)

12 (± 8)

11

6 months (n=10)

10 (± 5)

10

1 year (n=7)

17 (± 10)

12

Mean (± SD)

p-value*

3.6 (± 1.3)
3.1 (± 1.3)

0.02

0.002

2.7 (± 1.1)

0.003

0.001

2.5 (± 1.0)

0.007

0.018

1.7 (± 0.8)

0.039

0.285

2.3 (± 0.6)

0.180

Key: Qmax = maximal urinary flow; PVR = postvoid residual (urine vlume); IPSS = International Prostate
Symptom Score; QoL = quality of life. *Wilcoxon signed-rank test between follow-up values and baseline.

the inserted stents (73%) were still in situ. After 3 months, the survival rate was 40%
(12 stents) and after 6 months, it was 33% (10 stents). At 12 months of follow-up, the
survival rate had declined to 23% (7 stents). After 21 months, only 2 patients (7%) still
had a stent in situ. The curve presenting the Kaplan-Meier analysis is shown in Figure 2.

Removal
The main reason for removal was stent migration. In total, 26 of the removed stents
(93%) had migrated - 20 (77%) had migrated into the bladder, 5 (19%) were found in
the bladder neck at removal, and 1 stent had migrated toward the external sphincter.
The other reasons for stent removal were complaints of frequency in 1 patient and
pain during sexual intercourse in 1 patient. Spearman correlation analyses showed that
neither prostate volume nor stent length affected the number of days of the stent in situ.
Stent removal was uneventful in all but 1 case. In this patient, the procedure was too
painful under local anesthesia and was eventually performed under general anesthesia
without problems. Mild epithelial hyperplasia and encrustation on the stent were only
seen in patients in whom the stent had been in situ for a longer period. This did not
cause stent blockage in any of these patients.
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Figure 2: Kaplan-Meier survival
patients with the stent still in situ.

curve

of

COMMENT
The key problem encountered in this trial was stent migration, which was the main reason
for removal. Since the first description of prostatic stents by Fabian in 1980, migration has
been a significant problem in the various stent designs. Reports on polyurethane stents
(also known as intraurethral catheters), such as the Nissenkorn intraurethral catheter,
Trestle stent and Spanner, had migration rates of 0% to 21%.12-16 Even though stents
classified as permanent stents become epithelialized to prevent migration, migration of
the Urolume wallstent did occasionally occur (4% to 6%).17,18 Migration was particularly
a problem in the nonexpandable first-generation spiral stents (10% to 38%).2-8 These
migrations did not always necessitate removal of the stent, since endoscopic repositioning
was possible on occasion. Another thermo-expandable spiral stent, the Memokath
prostatic stent, had a lower migration rate (0% to 13%).9,10 The main difference between
the stent used in this trial and the Memokath is the shape; the hourglass-shaped nitinol
stent has a larger diameter at both ends, and the diameter of the Memokath stent
only increases toward the distal end of the stent. This difference in shape might be an
explanation for the high migration rate in this trial. Another reason for the migration
of prostatic stents could be the size of the prostate; stents might migrate more easily
in smaller prostates. In our study, however, prostate volume appeared not to affect the
number of days of the stent in situ.
The results of this trial have confirmed that insertion of the hourglass-shaped spiral stent
causes immediate relief of outlet obstruction. Our results of voiding parameters are
comparable to those of other spiral stents. Reports on both first-generation and secondgeneration spiral stents showed immediate spontaneous voiding in 82% to 100%, with
significant improvement in the of Qmax.3,5,7,8,10,11 The PVR volume was noted to improve
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after stent insertion as well.6 Other types of prostatic stents also allowed spontaneous
voiding and improvements in Qmax and PVR volume in most patients.13,15,16-18,19,20
As in our own study, however, in some of these trials, a tendency toward a decrease
in Qmax during follow-up was observed.4,10,20 Possible causes mentioned in these
studies included severe encrustation on the stent, bullous edema obstructing the stent,
and preterm or uncontrolled degradation in the case of biodegradable stents. These
phenomena, however, were not encountered in our study. The decrease in voiding
function throughout follow-up in our study might well be explained by partial migration
of the stents.
In the present trial, both IPSS and QoL scores improved during 6 months after insertion.
Perry et al.9 also found significant improvements in symptom scores after placement
of the Memokath prostatic stent, that changed little over time. Reports on the
Urolume Wallstent and Spanner prostatic stent also reported improvements in IPSS
and QoL throughout the entire follow-up period of the trials.16-18 Since most reports
on biodegradable stents did not evaluate IPSS and QoL scores, comparisons on the
subjective evaluation of these stents by the patients are deficient.
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CONCLUSIONS
This first report on the hourglass-shaped nitinol prostatic stent has shown that this stent
is easy to insert and remove under local anesthesia and causes relief of obstruction and
improvement of symptoms. Because of the high migration rate, however, the hourglassshaped stent is not suitable for clinical practice. For future practice, adjustments in stent
design will have to be made to solve the problem of migration adequately.
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INTRODUCTION
Prostatic stents aim at rapid alleviation of lower urinary tract symptoms (LUTS) in patients
with benign prostatic enlargement (BPE) by relieving obstruction. In the literature,
prostatic stents have been classified into 2 categories: permanent and temporary
stents. The major characteristic of prostatic stents meant for permanent use is that
they allow tissue ingrowth, which results in the stent being embedded in the urethral
wall. In contrast, temporary stents are made of non-absorbable material which prevents
epithelialization, thereby facilitating easy removal. They were primarily designed for
short-term application, ranging from a few weeks to several months. However, longerterm use with a follow-up period of 8 years has also been described.1
One example of a stent designed for temporary use is the spiral stent. Early spiral stents29 were non-expandable coiled wires made of stainless steel; spiral stents of the second
generation10-13 are made of an alloy of nickel and titanium (nitinol), which is either selfor thermo-expandable.
In a previous report14, we described our experience with one of the nitinol spiral stents
with a thermal shape memory, the hourglass-shaped prostatic stent, in 35 patients with
LUTS caused by BPE. Because of a high migration rate, this stent appeared not to be
suitable for clinical practice. An explanation for this was sought in the design of the
stent. It had an increasing diameter towards both ends of the stent and the proximal
wide end might have caused it to be pulled into the bladder, in stead of anchoring it in
the prostatic fossa. Therefore, the successor of the hourglass-shaped stent was designed
with an increasing diameter towards the distal end only (bell-shaped), with the purpose
of fixing it at the apex of the prostatic fossa.
Because of significant complications such as encrustation, infection, migration and
chronic pain, the current guidelines on benign prostatic hyperplasia recommend the
use of prostatic stents in patients with high operating risk only.15 Since the bell-shaped
prostatic stent was especially designed to prevent such complications, this study was
performed in a group of patients without significant co-morbidities.
A prospective study was conducted to determine the efficacy, safety and durability of
the bell-shaped nitinol prostatic stent as a treatment option for moderate to severe LUTS
due to BPE in otherwise healthy patients.
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MATERIALS AND METHODS
Patients
The study was conducted in accordance with the regulations of the local ethical
committee. A written informed consent was given by all patients prior to any studyrelated proceedings were conducted. Men with moderate to severe LUTS (defined as

35

proefschrift van Dijk.indb 35

8-12-2009 16:44:59

Chapter 3

an International Prostate Symptom Score (IPSS) >7) caused by BPE were included in
the study. Exclusion criteria were a history of urinary tract malignancies, previous pelvic
irradiation or surgery, prior medical, minimally invasive or surgical treatment for LUTS
caused by BPE, urolithiasis, insufficient detrusor contractions (measured by urodynamic
investigation) and urinary tract infections.
The pre-treatment evaluation included transrectal ultrasonography to determine prostate
volume, uroflowmetry to measure maximum urinary flow (Qmax), ultrasonography of
the bladder to assess postvoid residual (PVR) urine volume and the IPSS questionnaire,
including the Quality of Life (QoL) item. Follow-up evaluations of voiding parameters,
symptom scores and complications were performed at one week and one, three, six, 12,
18, 24 and 30 months after stent insertion.

Stents
The stent was made of nitinol with a temperature-based memory for the shape, making
the stent pliable when cooled (10-15 ºC), returning to its original shape when heated
(38-42 ºC). The stent was a circular coil with a larger diameter at the distal end of the
stent (figure 1) and was available in six different lengths, ranging from 3.5 to 6.0 cm.
The stent length was chosen to be 0.5 cm longer than the prostatic urethra, which
was measured cystoscopically using a calibration catheter from the bladder neck to the
verumontanum. The diameter of all stent sizes was ~ 1.5 cm at the distal and ~ 0.8 cm
at the proximal end when expanded.

Insertion
The stent was pre-mounted in a delivery system consisting of 3 co-axially placed plastic
sheaths (figure 1). The stent was placed between the inner and the middle sheath
and attached to two wire restrainers which prevented the stent from deploying until
properly positioned. The inside diameter of the system was slightly larger than 12 Fr to
accommodate a 12 Fr rigid cystoscope.
The procedure took place in an outpatient setting under antibiotic prophylaxis and local
anaesthesia. The delivery system and cystoscope were advanced into the urethra. At
approximately 0.5 cm beyond the bladder neck, the stent was released by unfastening
the restraining wires while irrigating with heated solution, which allowed the stent
to fully expand. After the procedure, urethroscopy was performed to verify correct
placement. At the follow-up visits, the position of the stent was checked with abdominal
sonography of the bladder.
To evaluate the intensity of pain during the procedure, a visual analogue scale (VAS)
ranging from 0 (no pain) to 10 (the worst pain imaginable) was administered to the
patient.
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Figure 1: The bell-shaped nitinol prostatic stent (with a length of 5.5 cm) and its delivery system.

Removal
Stents were removed in case of migration of the stent, other severe complications
or when symptoms worsened considerably. Removal was performed under local
anaesthesia and antibiotic prophylaxis in the outpatient department using a rigid 0˚
cystoscope. The stent was irrigated with cooled solution which caused it to become
pliable. It was pushed into the bladder, after which it was grasped with a forceps and
pulled outside through the sheath of the cystoscope.
All insertions and removals were performed by the same urologist. The ease of both
procedures was scored from 1 (very easy) to 5 (very difficult) by the urologist performing
the procedure.
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Statistics
The significance of longitudinal changes in voiding parameters and symptom scores was
assessed by repeated measures analysis using a linear mixed model, in which missing
data and within patient dependency are taken into account. Kaplan-Meier analysis was
used to assess the survival of the stent. A multivariable Cox regression model was used
to analyse differences in risk of stent removal by increasing prostate volume, age and
stent size. In these analyses, the endpoint was defined as removal of the stent; patients
in whom stents were not placed were not taken into account. Spearman’s test was
used to assess the correlation between the difficulty of stent removal and the number
of days of removed stents in situ. Chi-squared test was employed to determine the
relation between urge incontinence and migration. All inferential statistical tests were
significant at p<0.05. Statistical analyses were executed with the statistical software
SPSS for Windows, version 11.5.1, SPSS Inc. Chicago, IL, USA.
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RESULTS
Patients
Between July and November 2002, 108 patients underwent placement of the bell-shaped
prostatic stent. Table 1 presents an overview of mean patient baseline characteristics. At
baseline, two patients had an indwelling urinary catheter because of urinary retention.
Throughout the course of the study, two patients were lost to follow-up.
Table 1: Baseline patient characteristics
Parameter

Mean (± SD)

Age (yr)

66 (± 8)

Prostate volume (cm3)

66 (± 26)

IPSS

22 (± 6)

QoL score

3.7 (± 1.2)

Maximum urinary flow (ml/s)

9.1 (± 3.5)

Post-void residual (ml)

150 (± 156)

Insertion
Stents were successfully inserted in 97% of the cases. In three patients (3%) stent
placement was not possible because of a steep bladder neck (two) and bad deployment
of the delivery system (one). In 11 patients, two placement attempts were needed to
accomplish correct placement. Cystoscopy after the procedure showed that all stents
had properly expanded. The ease of the insertion was graded with a mean (SD) score
of 2.2 (1.0) by the urologist performing the procedure. The mean (SD) pain intensity
score on the VAS administered directly after the procedure was 3.7 (2.3). All patients
experienced transient haematuria directly after the placement. In most patients, the
haematuria was only minimal; in five patients, however, a clot retention occurred within
the first week.

Voiding function
Spontaneous voiding was achieved in all patients directly after insertion of the stent.
Figure 2 shows the results of voiding parameters at baseline and at each follow-up
visit. At one week and one month after insertion, Qmax statistically significantly
improved compared to baseline (+5.5 and +3.7 ml/s respectively; p<0.001). At the
three months visit, the improvement in Qmax did not reach statistical significance (+0.5
ml/s; p=0.518). Thereafter, except for the visit at 24 months, mean Qmax showed a
varying decline compared to baseline; these differences were not statistically significant.
PVR also immediately significantly improved compared to baseline (-115 ml; p<0.001).
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Figure 2: Maximum urinary flow (Qmax), postvoid residual (PVR) urine volume, International Prostate Symptom
Score (IPSS) and Quality of life (QoL) score at baseline and at each follow-up visit. Data points indicate mean
values and error bars represent 95% confidence intervals, all calculated by repeated measures analysis using
a linear mixed model. Numbers of patients (N) with the stent still in situ, as derived by Kaplan Meier survival
analysis, are indicated at each follow-up visit.

Although the differences became less obvious over time, mean PVR remained below
baseline values throughout the entire follow-up period. The only visit at which these
improvements were not statistically significant was at 24 months (-41 ml; p=0.054).

Symptom scores
The courses of mean IPSS and QoL scores throughout the entire follow-up period are
shown in figure 3. One week after placement, IPSS only slightly improved compared
to baseline (-1; p=0.157). After one month, however, a substantial and statistically
significant improvement in IPSS (-12; p<0.001) was observed. Thereafter, improvements
in symptom scores became less obvious, although still statistically significant until 24
months (-6; p=0.001). QoL did improve significantly (-0.8; p<0.001) right away compared
to baseline. It took one month to reach the maximum improvement (-1.7; p<0.001),
however. Decreases in QoL score remained statistically significant throughout the entire
course of the study.

Complications
Twenty-four (22%) patients reported intermittent episodes of urge incontinence; one of
these patients mentioned incontinence at baseline as well. Seventy-five percent of these
episodes were observed at the last visit prior to removal. In all cases, the incontinence
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was mild, and none of the patients needed protective pads. The incontinence was
not related to migration (p=0.13). From a follow-up of one month onwards, transient
haematuria was observed by 21 (19%) patients. In seven patients, the haematuria
seemed to be related to physical exercise such as cycling and jogging. In one patient,
in which the haematuria had started after a fall, a clot retention occurred, which
was resolved by transurethral catheterisation by the general practitioner. Retrograde
ejaculation was reported by 18 (17%) patients and another 7 (6%) patients complained
of painful ejaculation. Only one of these patients was known with retrograde ejaculation
at baseline. Urinary tract infections were experienced by 7 (6%) patients.

Survival analysis
The median time to removal of the stent was 105 days. The mean (SD) indwelling time
was 301 (352) days. Kaplan-Meier survival analysis shows that at one month after
insertion of the stent, 87% of the stents were still in situ. At three, six, 12, 18, 24
and 30 months follow-up, the survival rate was 54%, 37%, 32%, 26%, 22%, and 18%
respectively. The curve presenting the Kaplan-Meier analysis is shown in figure 3. There
was no difference in risk for stent removal over time with increasing prostate volume (p=
0.81), age (p= 0.31), nor stent size (p= 0.56).

Figure 3: Kaplan-Meier survival curve of patients
with the stent still in situ.

Removal
The main motive for removal of the stents was worsening of symptoms (75%). Other
reasons were migration (14%), clot retention (6%), haematuria (3%) and acute urinary
retention (2%).
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Removal took place in the outpatient department under local anaesthesia in 94% of
the patients. In two patients with severe co-morbidities, the stents were removed in the
operating room in order to be able to monitor them more intensively. In another four
patients, the procedure was too painful under local anaesthesia, whereupon removal
was performed under spinal (two) or general anaesthesia (two).
Upon removal, 13 (15%) stents appeared to have migrated into the bladder and 17 (20%)
stents had partially migrated towards the bladder. The other stents had remained their
position in the prostatic urethra. However, these stents had tilted within the prostatic
urethra, with the distal end of the stent angled dorsally.
Bullous epithelial hyperplasia was seen in two patients (2%). Mild encrustation was
found on 13 (15%) of the removed stents. Haematuria occurred in 66 (76%) patients
after the procedure and 30 (35%) patients were given a catheter to prevent urinary
retention.
The urologist performing the procedure rated the level of difficulty of the removal with
a mean (SD) of 2.9 (1.4). There was no significant relation between the difficulty of stent
removal and the number of days of the removed stents in situ (p=0.364). The removal
was significantly more difficult than the insertion (p<0.001; Wilcoxon signed ranks test).
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DISCUSSION
Since the first use of prostatic stents, described by Fabian in 198016, a variety of
indications has been a subject of study. Most studies have assessed the technique of
stenting the prostatic urethra in patients with high operating risks. Another indication
is the use after various thermotherapy treatments to prevent postoperative urinary
retention caused by oedema.17, 18. Some studies, including our former study with the
hourglass-shaped stent, investigated prostatic stents as a treatment option in patients
without significant co-morbidities.19-22. Because the bell-shaped stent was specifically
designed to solve the problems encountered with the hourglass-shaped stent, the
present study was conducted in a comparable group of otherwise healthy patients with
LUTS caused by BPE.
The ideal prostatic stent should be easy to insert and remove under local anaesthesia.
Since the ease of the insertion and removal of stents in this study was only scored
by one urologist experienced in this procedure, the results of these scores should be
construed with care. Insertion of the bell-shaped stent was easy. It was performed in
an ambulant setting in all patients, who experienced only mild to moderate pain during
the procedure. Although the removal was more difficult than the insertion, it needed
to be performed in the operating theatre in only 6% of the patients. These results are
comparable to the former study with the hourglass-shaped nitinol stent.23
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Placement of the stent resulted in immediate spontaneous voiding in all patients
with significant improvements in both voiding parameters and symptom scores.
The statistically significant improvement in IPSS was not seen in the first week after
placement of the stent. The maximum improvement in QoL was also not achieved until
one month after placement. These results are not compatible with the results of Qmax
and PVR, which did show significant improvements at one week after insertion. An
elucidation for this might be that the stent caused irritation of the trigone, which can
also been seen the first days after an indwelling catheter is inserted.
The durability of the bell-shaped prostatic stent was limited; whereas one month after
insertion 87% of the stents were sill in situ, after three months, the survival rate had
declined to 56%. The main reason for removal was worsening of symptoms. In our
opinion, the phenomenon of tilting of stents within the prostatic urethra could be a
contributory factor with respect to the worsening of symptoms and decrease in voiding
function after one to two months. The tilting might be attributable to the fact that the
stents are not tailored to the variety of shapes of the prostatic urethra. The prostatic
urethra is frequently curved (concave anteriorly) to varying degrees, whereas the bellshaped stent is completely straight. In addition, the prostatic urethra does not always
conform to the cylindrical shape of these stents.24
The main complications encountered in this trial were haematuria, urge incontinence
and migration. The haematuria directly after the insertion procedure was probably
the result of small lesions of the urethra caused by delivery system manipulation. An
explanation for the transient haematuria occurring during the course of the trial might be
that physical activity caused friction of the stent within the prostatic urethra, leading to
damage of the urethral lining. In studies on other spiral stents of the second generation,
haematuria occurred in 3-23% of the patients. 25, 26
The urge incontinence was mostly experienced at the last visit before removal of the
stent. It was probably one of the contributing aspects of the worsening of symptoms,
which was the reason for stent removal in most patients. In papers on other types
of temporary prostatic stents, urge incontinence was described in 0-23% of the
patients.27-33 Displacement of stents, which could sometimes be resolved by cystoscopical
repositioning of the stent, was mentioned as a possible reason for this.34 In the current
study, incontinence did not occur more often in patients whose stent had migrated; it
might have been caused by foreign body irritation of the external sphincter.
The migration rate into the bladder of the bell-shaped stent (15%) was considerably
lower than that of the hourglass-shaped stent (93%), although it was still not negligible.
Since the first description of prostatic stents by Fabian in 198035, migration has been an
important impediment to widespread clinical application of prostatic stents. Migration
was particularly a problem in the non-expandable first-generation spiral stents (1038%)36-42, but reports on other temporary stents showed varying high migration rates31,
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as well. The Memokath prostatic stent, which is a thermo-expandable spiral stent
with a comparable shape to the bell-shaped stent, migrated less often (0-13%).47, 48
The limited durability and the complications encountered in this study make the bellshaped stent unattractive for clinical application. To move towards a more durable use,
modifications in stent design are required.

CONCLUSIONS

C HAP TER

The bell-shaped nitinol prostatic stent is easy to insert and remove under local
anaesthesia. It immediately improves voiding function and significantly alleviates
symptoms. Substantial improvements, however, are maintained for only one to two
months, which might be attributable to the tilting of stents within the prostatic urethra.
Therefore, the bell-shaped prostatic stent in its current design is not suitable for clinical
practice. To minimize displacement of stents and improve the durability of this treatment,
advanced adjustments in stent design are indispensable.
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INTRODUCTION
Patients with lower urinary tract symptoms suggestive of benign prostatic hyperplasia
(LUTS/BPH) often experience sexual dysfunction. This co-existence of LUTS and sexual
dysfunction in elderly men is not only due to the fact that the incidences of both
conditions increase with age. The results of several community-based surveys indicate
that the association of LUTS and sexual dysfunction is independent of age and various
co-morbidities.1-10
In the majority of patients with LUTS/BPH, the main incentive for any kind of treatment
is improvement of quality of life by alleviation of symptoms. Sexual function is generally
acknowledged as an important determinant of quality of life, and therefore, the
treatment of LUTS/BPH should not impair sexual function. Both pharmaceutical and
instrumental treatments for LUTS/BPH are known to have several possible harmful
effects on sexual function.
The use of prostatic stents in patients with LUTS/BPH has been studied since 1980.
Prostatic stents aim at immediate improvement of symptoms by relieving obstruction.
Over the past decades, the use of prostatic stents has been studied for various indications
and different stent designs have been developed. Numerous papers describe the clinical
results of studies to the efficacy and safety of the various stents, but few of these papers
address the effect of prostatic stents on sexual function.
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AIMS
We performed a prospective study on the efficacy and safety of the bell-shaped Horizon
prostatic stent in a group of patients with LUTS/BPH. In a previous paper, we described
the results of the voiding parameters and symptom scores.11 In this paper, we explore
the effect of the bell-shaped Horizon prostatic stent on sexual function.

METHODS
Stents
An extensive description of the bell-shaped Horizon prostatic stent (Endocare incorporated,
USA) and of the insertion and removal procedure was published previously11. Here, we
will give a concise summary. The bell-shaped Horizon prostatic stent is a circular coil
made of nitinol, a material with a temperature based shape memory. The predecessor
of this stent was designed with an increasing diameter towards both ends of the stent
(hourglass-shaped). Because of a high migration rate, adjustments in stent design were
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Figure 1:The bell-shaped Horizon prostatic stent with a length of 5.5 cm.

necessary. It was thought that the proximal wide end might have caused the stent to
be pulled into the bladder, in stead of anchoring it in the prostatic fossa. Therefore, the
successor of the hourglass-shaped Horizon prostatic stent was designed with a larger
diameter of the distal end of the stents only (figure 1). This bell-shaped design was
comparable to that of the Memokath prostatic stent12, 13, another thermo-expandable
prostatic stent known to migrate less often than the hourglass-shaped stent. The bellshaped Horizon prostatic stent was available in six different lengths, ranging from 3.5 to
six cm. The stent length was chosen to be 0.5 cm longer than the length of the prostatic
urethra. All stents were inserted and removed by one urologist (JdlR).

Patients
The study was conducted in accordance with the regulations of the local ethical
committee. An informed consent was obtained from all patients prior to any studyrelated proceeding. The inclusion criteria were moderate to severe LUTS (defined as an
International Prostate Symptom Score (IPSS) > seven) suggestive of BPH. The exclusion
criteria were a history of malignancies of the urinary tract; previous pelvic irradiation or
surgery; prior pharmaceutical, minimally invasive or surgical treatment for LUTS/BPH;
urolithiasis; insufficient detrusor contractions; and urinary tract infections. Similar to the
study with the hourglass-shaped Horizon prostatic stent, this study was performed in a
group of LUTS/BPH patients without significant co-morbidities.
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Main outcome measures
To assess sexual function, the 15 item International Index of Erectile Function (IIEF)
questionnaire was used. The IIEF is a validated, self-administered questionnaire that
addresses five domains of sexual function: erectile function (EF), orgasmic function
(OF), sexual desire (SD), intercourse satisfaction (IS), and overall satisfaction (OS). The
questionnaire adds up to a total of 75 points; a higher score indicating a better sexual
function.14, 15 In addition, patients received the general assessment question: “have you
experienced any retrograde or painful ejaculations?”. To explore the effect of prostatic
stents on sexual function, the results of the IIEF at baseline were compared to the results
after one month and three months, the moment that most stents were still in situ.
Other assessments included transrectal ultrasonography to determine prostate volume
at baseline, uroflowmetry to measure maximum urinary flow (Qmax), transabdominal
ultrasonography of the bladder to assess post-void residual urine volume and the IPSS
questionnaire, including the Quality of Life (QoL) item.11

Insertion
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Insertions were performed in an outpatient setting under local anaesthesia. The stents
were placed under cystoscopic guidance, using a specially designed insertion device. The
stents were flushed with a heated solution, which allowed full expansion.

Removal
Stents were removed in case of migration, severe complications or when considerable
worsening of symptoms occurred. Removal was performed under local anaesthesia and
antibiotic prophylaxis in the outpatient department. The stent was irrigated with cooled
solution which caused it to become flexible. It was then pulled outside with a grasper
through the sheath of the cystoscope.

Statistics
To assess the number of sexually inactive patients at baseline, the percentage of
patients answering the first question of the IIEF with “no sexual activity” was counted.
In the calculation of the total IIEF score, only patients who completely filled out the
questionnaire were taken into account. For the calculation of the scores of the different
domains of IIEF, the patients that completed all the questions of a specific domain were
considered. Not all patients filled out each questionnaire completely. Because of these
missing data, the number of patients used for the calculation of means vary between
the different domains and the total score of IIEF.
Assessment of sexual function was performed with patients with the stent still in situ
only. The number of patients with the stent still in situ was counted at the scheduled
follow-up visits. Since not all patients were seen one or three months after stent
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insertion exactly, the number of patients with the stent still in situ does not correspond
to the number of patients with a stent in situ at 30 and 90 days as derived from the
Kaplan-Meier survival analysis that was reported on in the previous paper on the bellshaped Horizon prostatic stent.11
The significance of changes in the different domains of the IIEF between baseline
and one month and three months follow-up was assessed by paired-samples T-tests.
Spearman’s test was used to assess the correlation between IIEF and IPSS, QoL and
Qmax. The correlation between the changes in IIEF and the changes in IPSS, QoL
and Qmax was also assessed by Spearman’s test. All inferential statistical tests were
considered significant at p<0.05. Statistical analyses were executed with the statistical
software SPSS for Windows (version 14, SPSS Inc. Chicago, IL, USA) and Microsoft
Office Excel (2003).

RESULTS
Patients
From July 2002 to November 2002, 108 men meeting the inclusion criteria at the initial
screening were included in the study. The mean (standard deviation, SD) age of the
patients was 66 (8) years and mean (SD) prostate volume amounted 66 (26) cm3. At the
follow-up visits one month and three months after baseline, 16% and 35% of the stents
had been removed respectively. In none of these cases deterioration of sexual function
was mentioned as the reason for stent removal.

Voiding function and symptom scores
The results of the safety and efficacy of the bell-shaped Horizon prostatic stent were
discussed in detail in a previous paper.11 Insertion of stents resulted in statistically
significant improvements of voiding parameters and symptom scores. Substantial
improvements were only temporarily maintained, which might have been attributable to
tilting of the stents within the prostatic urethra. The bell-shaped Horizon prostatic stent
was concluded not to be suitable for clinical practice. At present, the Horizon prostatic
stent is no longer available.

Sexual function
The first question of the IIEF was answered with “no sexual activity” by 23 (22%)
patients. After one month and three months, 19 (22%) and 16 (26%) of the patients
respectively answered this question with “no sexual activity”. At baseline, 62 (60%) of
the patients suffered from erectile dysfunction (EF score less than or equal to 2516). The
corresponding numbers after one month and three months are 47 (57%) and 33 (57%)
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Table 1: Change in the mean International Index of Erectile Function (IIEF) one month and three months after
placement.
Score
(baseline)
mean

SD

Change in score
(one month – baseline)
mean

SD

pvalue

Variable

No. of
patients

Change in score
(three months – baseline)
mean

SD

pvalue

No. of
patients

EF

17.95

6.15

-0.37

6.15

0.590

81

-0.51

7.73

0.621

57

OF

6.44

4.32

-0.83

2.96 0.012*

82

-0.53

2.94

0.166

60

SD

6.07

2.04

-0.21

1.51

84

-0.31

1.53

0.120

62

IS

6.77

4.33

-0.96

3.57 0.020*

78

1.06

2.84 0.011*

50

OS

6.49

2.60

-0.27

2.11

0.249

81

-0.10

2.42

0.746

58

IIEFtot

44.21

22.50

-2.62

13.18 0.087

76

0.28

12.35 0.877

46

0.197

* denotes statistical significance at the 5% level (2-tailed test)`. Abbreviation: EF: Erectile function, OF:
orgasmic function, SD: sexual desire, IS: intercourse satisfaction, OS: overall satisfaction, IIEFtot: total score of
International Index of Erectile Function, SD: standard deviation

patients, respectively. At baseline, the total score of IIEF (IIEFtot) was not related to the
IPSS score, the QoL question of the IPSS or Qmax (Pearson’s correlation coefficients of
0.047, -0.102 and 0.029).
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IIEF
Table 1 gives an overview of the results of the IIEF questionnaire at baseline and the
changes one month and three months after insertion relative to baseline. Figure 2
(Figure 3) shows the distribution of changes in the total IIEF score and of the different
domains of the IIEF from baseline to one month (three months). From these figures, it
can be derived that a large majority of patients experienced only minor changes in the
total IIEF score and in the different domains. On average, there was a slight deterioration
in the total IIEF score after one month and a very small improvement after three months,
neither of which was statistically significant. There was no apparent association between
the change in mean total IIEF score, and the changes in the total IPSS score, the QoL
question of the IPSS, nor Qmax (Pearson’s correlation coefficients of 0.05, -0.06 and
-0.04 at one month, and -0.15, -0.25 and -0.02 at three months respectively).

IIEF subscores
It is important to distinguish between the different aspects of sexual function (such
as erectile function and ejaculatory function) as measured by the IIEF subscores.
The number of patients that reported a deterioration in OF and IS after one month
is notable. The mean OF score worsened significantly relative to baseline. Similarly, as
evaluated by the general assessment question, only one (1%) patient complained of
painful ejaculations at baseline, whereas one month after placement of the stent, four
(4%) patients complained of painful ejaculations and two (2%) patients experienced

53

proefschrift van Dijk.indb 53

8-12-2009 16:45:06

Chapter 4

Figure 2: Histogram of the change in sexual function between baseline and one month. Abbreviations: iieftot:
total score of International Index of Erectile Function. EF: Erectile function, OF: orgasmic function, SD: sexual
desire, IS: intercourse satisfaction, OS: overall satisfaction. Note: the column above 0 reflects the number of
patients with a change in score between -4 and 0 (including) for iieftot and between -1 and 0 (including) for EF.

retrograde ejaculations. The IS domain also showed a statistically significant decrease
one month after stent insertion. For the other domains, there was no statistically
significant change after one month relative to baseline.
After three months, the picture is different. The only IIEF subscore with a significant
effect relative to baseline concerns the IS domain. The mean IS score after three
months showed a clinically and statistically significant improvement from baseline. The
worsening of the OF subscore was not statistically significant. However, the amount of
patients reporting painful and retrograde ejaculation was higher than at baseline (three
(4%) and five (7%) respectively).
We note that due to stent removal the number of patients after three months is lower than
after one month. However, unreported tests show that the patterns observed in Table 1
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Figure 3: Histogram of the change in sexual function between baseline and three months. Abbreviations:
iieftot: total score of International Index of Erectile Function. EF: Erectile function, OF: orgasmic function,
SD: sexual desire, IS: intercourse satisfaction, OS: overall satisfaction. Note: the column above 0 reflects the
number of patients with a change in score between -4 and 0 (including) for iieftot and between -1 and 0
(including) for EF.

and in Figures 2 and 3 cannot be attributed to changes in the sample composition. If we
restrict the sample to patients with observations both after one month and after three
months, the significant deterioration in OF and IS after one month and the improvement
in IS after three months is still observed.

DISCUSSION
Because of the fact that many problems were encountered with the use of prostatic
stents, current clinical guidelines generally advocate the use of prostatic stents in
patients unfit for surgery only.17 Since the first use of prostatic stents, a variety of
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indications has been a subject of study. Prostatic stents were mostly studied in patients
with high operating risks. However, some studies (including our previous study with
the hourglass-shaped Horizon prostatic stent) investigated the use of prostatic stents
in patients without significant co-morbidities.18-21 Because the Horizon prostatic stent
design was adjusted to solve the problems encountered with the hourglass-shaped stent,
the present study was conducted in a comparable group of otherwise healthy patients
with LUTS/BPH. Especially in these patients, it is of major importance that treatment of
LUTS/BPH does not impair sexual function.
Although a considerable amount of the patients suffered from erectile dysfunction in
the present study, in contrast to the current literature, we found no correlation between
the severity of LUTS and sexual dysfunction at baseline. This might be explained by the
relatively low number of patients. The change in the mean total IIEF score appeared not
to depend on the changes in IPSS, QoL or Qmax.
The total score of the IIEF questionnaire did not show statistically or clinically significant
changes one month or three months after stent insertion. The majority of patients also
did not experience large changes in the IIEF subscores. But we documented a statistically
and clinically significant deterioration in the OF domain one month after stent insertion.
We also found that the number of patients reporting painful ejaculation increased.
This painful ejaculation might be due to irritation caused by the foreign body in the
urethra. Although the decrease in the OF domain after three months was smaller than
after one month, the amount of patients reporting painful or retrograde ejaculation
was higher. Therefore, the negative effect on ejaculatory function does not seem to
wear out after time. Since the stents were designed to be inserted beyond the bladder
neck, the rate of retrograde ejaculation was expected to be higher than we found. An
explanation for this relatively low rate of retrograde ejaculation might be that, because
of a suboptimal optical view during stent placement, the stents were in fact not inserted
beyond the bladder neck, but in the prostatic fossa only. Another possible theory might
be, that elongation of the urethra during erection and ejaculation caused the stents to
be temporarily retracted within the prostatic fossa, resulting in antegrade ejaculation.
The IS significantly decreased after one month compared to baseline. This might be
explained by the fact that the OF and IS domains of the IIEF are known to be interrelated.14
Remarkably, after three months, IS significantly improved compared to baseline, while
all other domains slightly (but not significantly) worsened. We have no straightforward
explanation for this improvement in IS.
Importantly, the EF domain of the IIEF did not significantly change after the insertion of
the stents. So apparently, the introduction of a foreign body into the prostatic urethra
does not hinder the ability of obtaining or maintaining an erection.
Only few studies on prostatic stents addressed their effect on sexual function. Nordling et
al. assessed the Prostakath (a spiral prostatic stent) in 45 patients with urinary retention.
Erectile function was unchanged after insertion of the spiral, but retrograde ejaculation
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occurred in all sexually active patients.22 The Urolume wallstent, a permanent prostatic
stent, also did not have a negative impact on erectile function.19, 20, 23 Retrograde
ejaculation was reported more often than in the Horizon prostatic stent: in 24-38% of
the patients.19, 20, 23
Direct comparative studies between prostatic stents and other treatment modalities of
LUTS/BPH have – to the best of our knowledge – not been performed. In addition,
the available data in the literature of the effect of different LUTS/BPH therapies, are
sometimes inconsistent. As a consequence, comparisons of possible effects on sexual
function between the various therapies should be interpreted with care. However, it
appears that other therapies for LUTS/BPH impair erectile function more often than
prostatic stents. After transurethral resection of the prostate (TURP) the rate of impotence
in the literature varies from 3.4 to 32%. However, there are also reports of improved
erections after TURP.24 Most clinical studies with a1-adrenergic receptor antagonists
(α-blockers) have, if anything, reported adverse rather than beneficial effects on erectile
function.25 The incidence of impotence with α-blockers ranges from 0 to 12.5% of the
patients in the literature, without any indication that impotence occurs more frequently
with one than with the other α-blockers.25 On the other hand, the US package inserts
for tamsulosin, alfuzosin, doxazosin, and terazosin describe priapism as a rare but
possible adverse effect. In addition, some recent studies also reported a beneficial effect
of α-blockers on erectile function.26, 27 The incidence of erectile dysfunction with the
5α-reductase inhibitors (5ARI’s), finasteride and dutasteride is six to 11%. 28 After TUMT,
the reported incidence of erectile dysfunction amounts 0 to 8%.28
Since prostatic stent are often placed beyond the bladder neck, many patients with
prostatic stents experience retrograde ejaculation. After TURP the rate of retrograde
ejaculation amounts 53-75%.24 In patients using the α-blocker tamsulosin, abnormal
ejaculation is reported in 0-30% of the patients, whereas studies with alfuzosin,
doxazosin, and terazosin generally report lower rates of abnormal ejaculation (0-1.4%). 25
The reported incidence of ejaculatory dysfunction with the 5α-reductase inhibitors
(5ARI’s), finasteride and dutasteride is 3 to 5%.28 After transurethral microwave therapy
(TUMT), the reported median rate of ejaculatory dysfunction is 2 to 49%.28
In our previous paper on the efficacy and safety of the bell-shaped Horizon prostatic
stent we concluded that this stent was not suitable for clinical practice.11 Nevertheless,
we do think that the findings presented in this paper are a valuable contribution to the
current knowledge on prostatic stents. Prostatic stents have not received much attention
in the recent literature. However, new developments still take place29, 30, illustrated by
the fact that only recently a new stent was launched (the Allium triangular prostatic
stent) in Europe.30 And although the various available stent designs differ both in shape
and in material, the results of this study into the effect of the Horizon prostatic stent on
sexual function might to some extent be translated to the effect prostatic stents have on
sexual function in general. To assess the effect on sexual function of the different stent
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designs still available on the market, the Allium triangular prostatic stent, the Memokath
and the Spanner, a comparative study should be considered.

CONCLUSIONS
The bell-shaped Horizon prostatic stent had a negative influence on orgasmic function.
The first month after stent placement, the intercourse satisfaction was lower than at
baseline. At three months after stent placement, however, the intercourse satisfaction
significantly improved compared to baseline. Erectile function did not worsen after stent
placement. The total IIEF score was not negatively affected by the bell-shaped Horizon
prostatic stent. Overall, the results of our study suggest, that the possible adverse effects
on sexual function of prostatic stents mostly relate to orgasmic function.
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INTRODUCTION
In a significant number of patients, temporary urinary retention is observed after
minimally invasive treatment of benign prostatic obstruction. To avoid drainage with
a permanent indwelling catheter, the use of temporary prostatic stents has received
increasing attention.1 The ideal prostatic stent should be easy to insert and remove
under local anesthesia and should allow immediate voiding after insertion and cause
minimal complications.
The polyurethane stents such as the Nissenkorn intraurethral catheter and the Trestle
stent are examples of stents designed for temporary use.1-4 These stents seem to provide
simple insertion and removal. The initial results using these stents were encouraging.1,2,4
However, the insertion and removal of these stents are still not as simple as using an
indwelling Foley catheter. Regarding complications, these stents have been reported
to have a migration rate of 5.6% to 21%Several types of temporary prostatic stents
have been investigated to overcome the migration. However, the most recently reported
stent, the hourglass-shaped nitinol prostatic stent, still had a high migration rate.5
To resolve these problems, an intraurethral catheter (Boston Scientific Corporation) has
been developed, the blind placement stent (BPS). To the best of our knowledge, no
studies of this type of temporary stent have been reported. Therefore, our prospective
trial was conducted to determine the feasibility and effectiveness of the BPS system for
temporary relief of symptoms from benign prostatic obstruction.
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MATERIAL AND METHODS
The study was designed as a prospective, randomized controlled trial, and the ethical
committee of the hospital approved the protocol.

Patients
The inclusion criteria for this trial were lower urinary tract symptoms, an International
Prostate Symptom Score (IPSS) greater than 12 owing to benign prostatic obstruction,
age 40 years or older, and a prostatic urethra 35 to 55 mm long.
The exclusion criteria were a history of prostate or bladder surgery, any malignancies
of the urinary tract, gross hematuria, neurogenic bladder, urethral stricture, concurrent
treatment with an investigational drug or device, urinary tract infection, pelvic irradiation,
and an allergy to silicone. The patients were randomized into two groups for insertion of
one of the two BPS designs.
The pretreatment evaluation included transrectal ultrasonography to determine the
prostate volume and length of the prostatic urethra, uroflowmetry to measure the
maximal urinary flow rate (Qmax), and ultrasonography of the bladder to assess the
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postvoid residual urine volume. Symptom scores were determined using the IPSS
questionnaire, including the quality-of-life (QOL) item. Follow-up evaluations of voiding
parameters and symptom scores were performed shortly after stent placement and at
14 and 28 days after insertion.

Prostatic stent
The BPS system is a disposable stent consisting of a soft silicone stent, retrieval line,
and delivery device. Two different BPS designs were investigated in this study. The first
version of the BPS – BPS-1 (Figure 1A) – contains one segment of a 22F silicone stent
with stainless steel coiled wire reinforcement, a coude tip, and an extruded Malecot
section. The device is preloaded on a delivery system, and a retrieval suture is attached
to the stent for device removal. After stent placement, the 4-cm prostatic urethral
segment should be located above the external striated sphincter in the prostate.

Figure 1: (A) BPS-1. (B) BPS-2. (C) Prostatic urethral segment of BPS-2 located above external striated sphincter
in prostate. Bulbar urethral segment of BPS-2 located below external striated sphincter and connecting suture
bridges sphincter, securing normal functioning of sphincter.
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The second version of the BPS – BPS-2 (Figure 1B) – comprises two segments. It contains
all the elements of BPS-1, as well as an additional 2-cm bulbar segment to prevent
migration. The junction zone of the two segments is connected by a 3-cm suture.
This bulbar urethral segment is located below the external striated sphincter and the
connecting suture bridges the sphincter, securing normal functioning of the sphincter
and consequently ensuring micturition control (Figure 1C). Only one size is available in
both stent designs.

Insertion and Removal
Stent insertion was performed in an outpatient setting under local anesthesia without a
special instrument. Tension on the stent was achieved by pulling the retrieval suture and
locking it into the delivery system, causing the Malecot section to collapse. The delivery
system includes a balloon at the tip, the position of which corresponds to the Malecot
section of the stent. With the patient in the lithotomy position, the stent was advanced
through the urethra until the tip of the prostatic urethral segment was positioned in the
bladder, as confirmed by the flow of urine from the distal end of the delivery system.
Next, the balloon was inflated with 10 mL of air, causing the Malecot section to stretch
out. To confirm that the Malecot section of the stent was positioned at the bladder
neck, the stent, together with the delivery system, was pulled back until resistance was
encountered. After balloon deflation, the retrieval suture was relieved, and the delivery
system was retracted from the urethra. The retrieval suture was cut off just inside the
meatus. To confirm proper positioning, abdominal ultrasonography or cystoscopy was
performed. Removal of the stent was achieved by pulling the retrieval suture until the
stent was completely retracted. However, if stent removal was not possible with the
suture, assisting instruments were used.
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Statistical Analysis
The data were analyzed using the Statistical Package for Social Sciences for Windows,
version 11.5.1 (SPSS, Chicago, Ill). To evaluate the pretreatment data and baseline
variables between the two BPS stents, the independent sample t test or Wilcoxon rank
sum test was used.
The Wilcoxon signed-rank test or paired t test was used for longitudinal changes in
voiding parameters and symptom scores. Adverse events were compared between the
two groups using the chi-square test or Fisher’s exact test, as appropriate. Significant P
values were set at 0.05 or less. The effect of the BPS-2 versus the BPS-1 on the various
outcomes and follow-up course was evaluated using model-based estimates, in which
the outcomes were assumed to have normal errors and constant covariance between
individual patient measurements.
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Kaplan-Meier survival analysis was performed to assess stent survival. In this analysis,
the terminal event was defined as stent removal; patients in whom stent placement was
not accomplished were not included.

RESULTS
Patients
A total of 55 men were included in the study from February to April 2002. After
randomization of the first 28 patients, migration of the BPS-1 occurred in 84.6% of the
patients after a median of 4 days. In contrast, 13.3% of the BPS-2 patients reported
migration. The decision was made to stop trial insertion of the BPS-1, and the trial was
continued with the BPS-2.
The pretreatment patient data are summarized in Table 1. No statistically significant
differences were found in mean age, prostate volume, voiding parameters, or IPSS
between the patients receiving the BPS-1 and BPS-2. Only the mean baseline QOL score
differed significantly (P = 0.039). The differences in the urethral length did not have any
effect on the outcomes of the BPS-1 and BPS-2.

Placement
The stents were successfully placed in 13 (92.9%) of 14 BPS-1 patients and in 39 (95.1%)
of 41 BPS-2 patients (P = 0.999). The mean number of placement attempts was 1.6 ±
1.0 for the BPS-1 and 1.5 ± 1.1 for the BPS-2 (P = 0.520). The difficulties in passing the
device were not due to device malfunction. All stents were inserted “blindly”; however,
the proper position of the stent was confirmed using ultrasonography or cystoscopy.
The device had to be repositioned after confirming the position in 7 (53.9%) of BPS-1
and 22 (56.4%) of BPS-2 patients during the placement procedure (P = 0.683).

Voiding Function
Spontaneous voiding was achieved in all patients immediately after stent insertion. The
results of the voiding parameters before and after stent placement are shown in Table
1. The Qmax improved significantly after stent placement for the BPS-2 but decreased
shortly thereafter. The Qmax dropped to less than the baseline values for BPS-1; however,
it was still greater than at baseline for the BPS-2 until 14 days of placement. As seen in
Table 1 (model-based estimates), the BPS-2 tended to be superior to BPS-1 in voiding
outcomes. However, only the Qmax reached statistical significance.
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Table 1: Pretreatment data, voiding parameters, and symptom scores before and after stent placement,
including effect of BPS-2 versus BPS-1 on various outcomes
BPS-1
Variable

BPS-2

Mean ± SD

n

Mean ± SD

P
n Value*

Pretreatment data
Age (yr)

66.4 ± 8.3

14 65.9 ± 9.0

41 0.834

Prostate volume (cm3)

54.9 ± 23.4

14 55.0 ± 16.5

41 0.980

14 47.4 ± 5.5

41 0.403

Prostatic urethral length (mm) 45.9 ± 6.3
Qmax (mL/s)†
Baseline

10.1 ± 4.2

14 8.5 ± 3.5

39

0.174

After insertion

12.0 ± 5.4

13 14.9 ± 6.0

39 0.002‡

At 14 days

6.0 ± 2.5

5

10.5 ± 4.1

24

At 28 days

6.3 ± 1.2

4

8.0 ± 2.8

23

Baseline

96.0 ± 105.3 (53 [0–340])

14 115.9 ± 168.8 (80 [0–400]) 39 0.984

After insertion

21.5 ± 77.7 (0 [0–280])

13 42.0 ± 148.4 (0 [0–900])

39

At 14 days

35.0 ± 31.7 (28 [0–75])

5

11.6 ± 25.8 (0 [0–110])

25

At 28 days

120.5 ± 141.1 (106 [0–270]) 4

32.4 ± 64.4 (6 [0–253])

23 0.676‡

PVR (mL)§

IPSS||
Baseline

22.2 ± 6.5

14 20.4 ± 5.8

39 0.321

At 14 days

17.6 ± 6.1

7

16.0 ± 6.5

25

At 28 days

14.8 ± 8.7

4

14.0 ± 7.6

22 0.246

Baseline

4.1 ± 1.1

14 3.3 ± 1.2

At 14 days

3.7 ± 1.1

7

3.0 ± 1.4

25

At 28 days

2.8 ± 2.2

4

2.7 ± 1.4

22 0.586‡
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QOL score¶
38 0.039

Key: BPS = blind placement stent; Qmax = maximal urinary flow rate; PVR = postvoid residual urine volume;
IPSS = International Prostate Symptom Score; QOL = quality of life.
Data in parentheses are medians, with range in brackets.
* P value between BPS-1 and BPS-2; Wilcoxon rank sum test, independent sample t test, and model-based
estimates test used as appropriate; estimates for effect of stent on outcomes adjusted for baseline differences
and effect of age, prostatic urethral length, prostate volume, and different follow-up points (the covariates).
† BPS-1: baseline versus after insertion, P = 0.302; baseline versus 14 days, P = 0.554; baseline versus 28 days,
P = 0.319; BPS-2: baseline versus after insertion, P = 0.000; baseline versus 14 days, P = 0.014; baseline versus
28 days, P = 0.442.
‡ Model-based P value.
§ BPS-1: baseline versus after insertion, P = 0.022; baseline versus 14 days, P = 0.043; baseline versus 28 days,
P = 0.465; BPS-2: baseline versus after insertion, P = 0.000; baseline versus 14 days, P = 0.000; baseline versus
28 days, P = 0.001; paired t test or Wilcoxon signed rank test.
|| BPS-1: baseline versus 14 days, P = 0.106; baseline versus 28 days, P = 0.432; BPS-2: baseline versus 14 days,
P = 0.044; baseline versus 28 days, P = 0.001; paired t test or Wilcoxon signed rank test.
¶ BPS-1: baseline versus 14 days, P = 0.631; baseline versus 28 days, P = 0.664; BPS-2: baseline versus 14 days,
P = 0.137; baseline versus 28 days, P = 0.044; paired t test or Wilcoxon signed rank test.
View Within Article
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Symptoms
The IPSS and QOL scores are summarized in Table 1. The IPSS and QOL scores improved
compared with baseline at days 14 and 28 for both groups. Using the model-based
estimates, BPS-2 proved superior in symptom scores than the BPS-1, but without
statistical significance.

Adverse Events
Stent migration into the bladder occurred in 11 of BPS-1 patients (84.6%) and 2 of BPS-2
patients (5.1%; P <0.001). On removal, the bulbar part of the BPS-2 stent was entangled
in the urethra up against the sphincter in 59% of the patients (bulbar impaction).
Irritative symptoms were experienced by 3 (23.1%) and 11 (28.2%) patients in the BPS-1
and BPS-2 groups (P = 0.999), respectively. None of the BPS-1 patients and 7 (18.0%) of
the BPS-2 patients complained of pain after stent insertion (P = 0.171).
None of the BPS-1 patients reported a urinary tract infection, and 5 BPS-2 patients
(12.8%) developed a urinary tract infection that was treated with antibiotics without
stent removal. Hematuria was not encountered in any of the BPS-1 patients but was in
2 BPS-2 patients (5.1%).

Stent Removal
The main indication for BPS-1 removal was stent migration. The main indication for BPS-2
removal was pain from bulbar impaction. The BPS-1 stents were removed by pulling the
retrieval suture or using cystoscopic assistance (84.6%).
In 1 BPS-2 patient, attempted removal failed when the suture broke close to the stent.
Subsequently, the stent was removed during transurethral resection of the prostate.
During this procedure, the stent was found to be totally encrusted and attached to the
bladder neck, requiring removal of the stent in pieces.
The median stent indwelling time was 16 days (range 2 to 44) and 38 days (range 1 to
90) for the BPS-1 and BPS-2, respectively and was not significantly different (log-rank P
= 0.154).

COMMENT
Both permanent and temporary application of prostatic stents has been investigated
during the past decade.6-10 However, considerable problems with insertion and removal,
migration, encrustation, and irritative symptoms were eAlthough our study was
performed in an elective setting, most of the patients in this trial were not suitable
candidates for surgery, had refused the proposed surgical treatment, or were awaiting
surgical therapy.
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BPS placement was performed blindly, without the use of a cystoscope. However, the
proper stent position had to be adjusted after using ultrasonography or cystoscopy for
confirmation. Djavan et al.2 reported insertion of the first-model Trestle stent blindly and
using ultrasonography and/or urethroscopy for placement confirmation. Next, Traxer
et al.4 reported the placement technique for the second-model Trestle stent under
cystoscopy. Although Djavan and colleagues2 noted that it was not clear whether these
imaging techniques would be necessary for routine clinical placement of the stent, they
did not report the rate of proper stent positioning after imaging confirmation. Our
data have demonstrated that more than one half of both stents required repositioning
after blind placement, even in patients who were able to void. This might have been
due to the softness of the BPS, especially the Malecot segment, which might not be
firm enough to prevent distal disposition during the removal of the delivery system. In
the BPS-2, adjustments of the bulbar segment position were also necessary. Corica et
al.11 recently described the Spanner stent, which has a placement technique similar to
that of the Foley catheter. In their series, only 3.3% of the stents needed repositioning
after confirmation of the position. The Spanner stent has a balloon, similar to the Foley
catheter, to prevent distal displacement. The firmness of the balloon might provide more
resistance than the Malecot section of the BPS, which might be why the Spanner had
to be repositioned less often after placement than did the BPS. Nevertheless, balloon
malfunction, such as leakage, rupture, or an inability to deflate, could occur.
Most of the stents were easily removed from the patients without migration or bulbar
impaction; however, removal was difficult in 1 patient with a BPS-2 because of severe
encrustation; the stent was removed later by transurethral resection of the prostate. The
presence of urinary tract infection and prolonged stenting are two factors predisposing
to stent encrustation reported by several investigators.6, 12-14
Although the Nissenkorn and Trestle stents had a low migration rate,1, 2, 4 the designs of
these two stents are not alike. The Nissenkorn stent only has a prostatic segment, and
the Trestle stent has a prostatic and bulbar part. To our knowledge, a study to assess
whether the bulbar segment of the stent is necessary to prevent migration has not been
previously published. The results of the present trial have shown that the BPS-1 has a
significantly greater migration rate compared with the BPS-2. These results indicate that
the bulbar segment of the stent might prevent stent migration. This is supported by
the fact that none of the Spanner stents, which have a bulbar segment similar to that
of the BPS-2, were reported to have migrated.11 However, several problems related to
the bulbar part of the BPS-2 were encountered in this trial. The pain and the irritative
symptoms which were the two main reasons for removal of BPS-2 might have been
caused by the bulbar impaction.
The results of this study have confirmed that insertion of the BPS-2 causes immediate
relief of outlet obstruction. The mean Qmax improved after insertion and at 14 days
of follow-up and decreased close to baseline after 28 days of follow-up. In our study,
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as in previous stent trials, a tendency toward a decrease in Qmax during follow-up
was observed.6, 9, 15 The possible causes mentioned in these studies included severe
encrustation on the stent, bullous edema obstructing the stent, and preterm degradation
in the case of biodegradable stents. Nevertheless, these phenomena were found in only
1 case of severe encrustation of the BPS-2. For the BPS-1, the Qmax was lower than at
baseline during the follow-up period. This might have been a result of the high rate of
migration of the BPS-1; consequently, only a small number of patients of the BPS-1 group
are available for follow up. The decrease in voiding function during the follow-up period
of the BPS-2 might have been a result of the bulbar impaction of the stents. The other
voiding parameters were comparable with those of other intraurethral stents.2, 4, 11, 13
In the present trial, both IPSS and QOL scores improved during the clinical course, as
previously described by several investigators.2, 7, 11 However, it was not significant for
the BPS-1 group, which may have been because of the small number of patients in that
group. Finally, the infection rate was lower than previously reported when using a Foley
catheter.2, 16, 17

CONCLUSIONS
The insertion of the BPS cannot be performed totally blindly; cystoscopy or
ultrasonography is needed to confirm proper stent placement. Because of the high
migration rate, the BPS-1 is not suitable for clinical practice. The BPS-2 migrated less
often than the BPS-1, which might have been because of additional bulbar segment.
However, the bulbar part of the BPS-2 may cause pain and discomfort to the patient.
In addition, the voiding parameters and symptom scores of the BPS-2 were minimally
improved. Therefore, BPS-2 is also not a useful stent for clinical practice. To improve the
placement technique and minimize stent displacement, advanced adjustments in stent
design and additional studies are indispensable.
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is a histological diagnosis. BPH itself may not cause
any symptoms but frequently leads to benign prostatic enlargement which can cause
bladder outlet obstruction and may be associated with bothersome lower urinary tract
symptoms (LUTS). Such LUTS consist of obstructive/voiding symptoms (such as hesitancy,
poor urinary flow, intermittent voiding and a sensation of incomplete emptying of the
bladder) and irritative/storage symptoms (such as frequency, urgency and nocturia).
Since on the one hand not all LUTS may be due to BPH and on the other hand the term
BPH is frequently but incorrectly used as a synonym for a clinical condition, we will use
the term LUTS/BPH in this manuscript to refer to the condition.
The prevalence of BPH increases with age, and ultimately almost each man will develop
this histological diagnosis if living long enough.1 Clinically relevant LUTS/BPH occur less
frequently than the histological diagnosis but nevertheless are present in about 30%
of elderly males.2 LUTS/BPH are believed to involve two main factors: The enlarged
prostate may cause a static obstruction, whereas contraction of prostatic smooth muscle
may cause a dynamic obstruction.

OVERVIEW OF THE MARKET
C HAP TER

LUTS/BPH can be treated surgically, including various minimally invasive therapies, or
medically. Medical treatment can consist of endocrine treatment by inhibiting the enzyme
5a-reductase to reduce the formation of dihydrotestosterone and/or a1-adrenergic
receptor (α1-AR) antagonists. All surgical approaches to LUTS/BPH treatment, including
the minimally invasive ones, and also all endocrine approaches reduce prostate size and
hence are primarily targeted against the static component. In contrast, a1-AR antagonists
oppose prostatic smooth muscle contraction and are thus targeted against the dynamic
component of obstruction. More recent concepts highlight the possibility that the
beneficial effects of α1-AR antagonists may depend not only upon prostatic smooth
muscle relaxation but may also involve other mechanisms related to α1-AR in the urinary
bladder and/or spinal cord.3 Three distinct α1-AR subtypes exist, which are designated
α1A , α1B and α1D.4 Prostate contraction occurs predominantly if not exclusively via α1A ARs, whereas the human urinary bladder and spinal cord mainly express α1D -ARs.5
Several α1-AR antagonists are available for the treatment of LUTS/BPH, and alfuzosin,
doxazosin, tamsulosin and terazosin are most frequently used internationally; as a class
they have become the most often used rational treatment modality for LUTS/BPH.6
While all four drugs are similarly effective7, 8, tamsulosin ((-)-5-[2-[[2-(O-ethyoxyphenoxy)
ethyl]amino] propyl]-2-methoxybenzenesulfonamide, formerly known as YM 12617
or YM 617) differs from the other drugs chemically because it is a methoxybenzene
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sulphonamide derivative rather than a quinazoline. Moreover, tamsulosin has greater
affinity for α1A -AR, and to a lesser extent to α1D -AR, than for α1B -AR whereas the
quinazolines lack such subtype selectivity.9-11 How these chemical differences relate to
potential differences in tolerability between the drugs, remains to be determined. This
manuscript will focus on tamsulosin. Since its introduction in the 1990’s, tamsulosin
has been available in a modified release (MR) formulation, and more recently an oral
controlled absorption system (OCAS) formulation has been introduced. In this paper,
we will summarize the pharmacokinetics and clinical data of both the MR and the OCAS
formulation of tamsulosin. Special emphasis will be on the latter, since the former has
been reviewed comprehensively several times in the past.12, 13

PHARMACOKINETICS AND METABOLISM
Tamsulosin modified release formulation
Because an immediate-release formulation of tamsulosin exhibits rapid absorption
and increase in plasma concentration upon oral administration, possibly leading
to cardiovascular side effects, a MR capsule formulation was developed.12, 14 This
formulation utilises a multi-unit layer coated pellet technology. The pellets have a drug
core, and the MR characteristics are provided by the layer surrounding the pellets. These
are hydrated in the gastrointestinal tract, where the drug is released.15
The pharmacokinetics of tamsulosin MR have been assessed in several studies in young
and elderly subjects. Absorption of tamsulosin from the MR formulation after oral
administration is gradual, with a bioavailability of about 100% under fasting conditions.16
The pharmacokinetics are dose linear following single and multiple doses.17 The time to
maximum concentration (tmax) is 4-5 hours under fasting conditions and 6-7 hours when
administered with food.17 Fasting conditions increase the bioavailability by 30% and the
mean maximum plasma concentration (Cmax) by 40-70% compared to fed conditions.17
All clinical studies were based upon the recommendation that tamsulosin MR capsules
should be taken after a meal, as also specified in the US package insert or the European
Summary of Product Characteristics.
The mean steady state apparent volume of distribution of tamsulosin was 16 L/kg after
intravenous infusion to 10 volunteers of 0.125 mg tamsulosin MR over 4 hours.16, 17
In vitro, the plasma protein binding (mainly to α1-acid glycoprotein) was approximately
99%.14 The half-life of tamsulosin MR is approximately 9-13 hours in young healthy
volunteers compared to 14-15 hours in elderly subjects, and the area under the curve
is 40% higher in subjects aged 55-75 compared to subjects aged 20 to 32 years.17 A
summary of the pharmacokinetic properties of tamsulosin MR is given in table 1.
Tamsulosin is metabolised in the liver by the cytochrome P450 isozymes, primarily CYP3A4
and CYP2D6, although minor contributions from other CYPs cannot be excluded.18 The
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Table 1: Pharmacokinetic properties of the MR and OCAS formulation of tamsulosin
tmax, h
Cmax, ng/ml
t1/2, h
clearance, l/h

Tamsulosin MR

Tamsulosin OCAS

6-8

8-9

29

11

14-15

14-15
2.88

volume of distribution, L/kg

16

plasma protein binding, %

99

biologically active R-(-)-isomer of tamsulosin does not undergo bioconversion to the
inactive S-(+)-isomer.17 The tamsulosin metabolites are considered to posses similar or
less potent pharmacological activities compared to tamsulosin, based on antagonising
effects on radioligand binding to rat liver and kidney α1-adrenoceptors.19 However, the
total concentration of tamsulosin metabolites accounted for only a small percentage
of the unchanged drug at the maximum plasma tamsulosin concentrations in human
volunteers.18, 20
Studies in patients with normal renal function and patients with moderate to severe
renal impairment showed an increase of the area under the curve of total tamsulosin
with increasing renal impairment.21, 22 However, free tamsulosin levels were much less
affected by renal impairment, and no statistically significant differences were noted
between the groups of subjects. Since unbound tamsulosin is primarily responsible for
the pharmacodynamic effect, dose adjustments of tamsulosin do not seem necessary in
renal failure.21-23
A study comparing the pharmacokinetics of tamsulosin in 8 subjects with hepatic
insufficiency (Child-Pugh classification grade A or B) compared to 8 subjects with a normal
hepatic function, showed decreased α1-acid glycoprotein binding levels resulting in a
significant increase of unbound plasma tamsulosin.21 This, however, led to an increase in
renal clearance and as a result, hepatic impairment did not affect the pharmacokinetics
of tamsulosin in a clinically relevant manner. Therefore, it appears that no adjustment of
tamsulosin dose is required in the presence of mild-to-moderate hepatic impairment.21,
23 To the best of our knowledge, the pharmacokinetics of tamsulosin have not been
tested in patients with severe hepatic impairment.
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Tamsulosin oral controlled absorption system formulation
A new tamsulosin tablet formulation based upon the proprietary OCAS technology
was recently developed.15 The release of the active ingredient from the tamsulosin MR
capsule is dependent on the presence of water in the gastrointestinal tract, and hence
drug release is impeded during the passage through the colon, where the amount of
water is very limited. In contrast, the tamsulosin OCAS tablet consists of a gel matrix
comprised of a gel-forming and a gel-enhancing agent. This tablet is hydrated very
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rapidly, and complete hydration occurs prior to its arrival in the colon. The hydrated gel
matrix has sufficient strength to achieve drug release in the colon despite poor local
water availability.15
The single dose pharmacokinetics of three tamsulosin OCAS 0.4 mg formulations (S2,
S3, S4, differing in the total amount of gel-enhancing agent) and tamsulosin MR 0.4
capsules were compared in young, healthy volunteers.15 The pharmacokinetics of all
3 OCAS formulations differed from the MR formulation in several ways. Firstly, Cmax
values were reduced, yielding smaller peak-to-trough ratios and more constant 24
h plasma concentrations. Secondly, the total drug exposure as assessed by the area
under the curve was lower. Thirdly, the pharmacokinetics of tamsulosin OCAS were not
affected by concomitant food intake. On the other hand, the OCAS formulation had
only minor effects on tmax or the terminal elimination half-life. Among the three tested
OCAS formulations, S3 was selected for further development. This pharmacokinetic
profile was confirmed in subsequent studies.24-26 A summary of the pharmacokinetic
properties of tamsulosin OCAS is given in table 1. There is no evidence to suggest
that the distribution, metabolism or excretion of tamsulosin OCAS differs from that of
tamsulosin MR as described above.

CLINICAL EFFICACY
Tamsulosin modified release formulation
The dose-dependency of the clinical effects of tamsulosin MR was investigated in a
European phase II study comparing doses of 0.2, 0.4 and 0.6 mg q.d.27 as well as two
US phase III studies comparing 0.4 and 0.8 mg q.d..28, 29 These studies demonstrate that
the dose of 0.4 mg q.d. is maximally effective for the vast majority of patients. Hence,
this is the only registered dose in European countries. In the US, a dose-escalation to 0.8
mg q.d. is possible, whereas in Japan and some other Asian countries, 0.2 mg q.d. is the
recommended dose.
The overall efficacy and safety of tamsulosin MR relative to placebo was evaluated in
two European randomized, double-blind phase III studies, which have been reported
as a meta-analysis of both30, and two US phase III studies.28, 29 The European studies
lasted 12 weeks and investigated the 0.4 mg dose only, whereas the US studies lasted
13 weeks and investigated both 0.4 and 0.8 mg tamsulosin MR.
In the European studies, maximum urinary flow (Qmax) improved significantly more with
tamsulosin (+1.6 ml/s) than with placebo (+0.6 ml/s; p = 0.002).30 The total Boyarsky
symptom score significantly improved compared to baseline in both the tamsulosin
as the placebo treated patients at each subsequent study visit. However, at each time
point, the extent of the improvements was significantly greater in the tamsulosin group
than in the placebo group. At endpoint for example, the decrease in total Boyarsky
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symptom score was 2.4 points (-25.5%) in the placebo group compared with 3.3 (-35.1%)
in the tamsulosin group (p=0.002). In addition, significantly more tamsulosin (66%)
than placebo treated patients (49%) had a ≥25% decrease in total symptom score at
endpoint. The life-style questionnaire showed that the ‘sexual functioning’ and ‘worries
and concerns’ scores at completion of the studies significantly improved in the patients
treated with tamsulosin compared to placebo.30, 31
Both US studies also found statistically significant reductions in total American Urological
Association (AUA) symptom score (also known as the International Prostate Symptom
Score (IPSS)) and Qmax in the tamsulosin group compared with placebo. However, the
differences in AUA symptom score and Qmax between the 2 doses were not statistically
significant, thereby implying that an increase from 0.4 to 0.8 mg/day by forced titrations
does not result in further therapeutic benefits.28, 29 These studies also addressed the
speed of response to treatment. The AUA symptom score was shown to improve as
early as the first week of treatment and changes of Qmax were apparent within 4-8 hours
after the first tamsulosin dose.
Open-label extension trials of up to 6 years were conducted in both the European and
the US placebo-controlled studies.32-35 The overall conclusion from these extension trials
was that the improvements in symptom scores and urinary flow rates were sustained
throughout the additional observational period in patients who had remained in the
studies.
Large post-marketing surveillance studies have investigated possible differences in
treatment effect in subgroups of patients. Two studies assessing a total of 19,365
patients found that tamsulosin MR was similarly effective in all age groups and that
its efficacy in patients with severe symptoms was as least as large as in those with
mild to moderate symptoms.36, 37 A separate 12-week post-marketing surveillance study
reported a similar efficacy upon morning and evening dosing.38
Several studies have directly compared the efficacy of tamsulosin MR to that of other
a1- AR antagonists. In line with the indirect comparisons between drugs7, 8, these studies
have typically reported similar efficacy of both drugs. Such comparisons were reported
for tamsulosin 0.2 mg q.d. relative to terazosin 1-5 mg q.d. in a Korean population39 and
to terazosin 2 mg in Chinese patients.40 In Caucasian patients such comparisons were
reported for tamsulosin 0.4 mg q.d. relative to alfuzosin 2.5 mg t.i.d.41, alfuzosin 10 mg
q.d.42 or terazosin 5 mg q.d..43 One study comparing 0.4-0.8 mg tamsulosin MR to 4-8
mg doxazosin reported a greater efficacy for the latter44 but is difficult to interpret due
to a very small patient group being studied. Taken together, these studies demonstrate
that all a1-AR antagonists have similar efficacy in improving symptoms and flow of LUTS/
BPH patients.
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Tamsulosin oral controlled absorption system formulation
Based upon the smoothened pharmacokinetic profile of tamsulosin OCAS it had been
hoped that escalation to higher and hence more effective but nevertheless well-tolerated
doses might be possible. Therefore, a phase 2b dose-finding study has randomly
assigned a total of 839 patients to 0.4, 0.8, 1.2 mg tamsulosin OCAS q.d. or placebo
for 12 weeks.45 The mean IPSS reduction at the endpoint was 6.0 with placebo and
7.6, 8.1 and 8.2 with tamsulosin OCAS 0.4, 0.8 and 1.2 mg, respectively (all p<0.05 vs.
placebo). The differences between the three doses were judged to be clinically irrelevant.
The mean improvements in the Quality of Life (QoL) item of the IPSS from baseline to
endpoint in the different treatment groups were also statistically significantly different
from placebo but similar among the three tamsulosin OCAS doses. The incidence of
treatment-related adverse events was higher with the 0.8 mg and in particular with the
1.2 mg doses than with the 0.4 mg dose or placebo. Therefore, it was decided to only
investigate the tamsulosin OCAS 0.4 and 0.8 mg doses in a subsequent trial.
In a phase 3a randomized, double-blind trial, a total of 2152 patients received placebo,
tamsulosin OCAS 0.4 mg, tamsulosin 0.8 mg OCAS or tamsulosin MR 0.4 mg for 12
weeks 46. Reductions of IPSS, responder rates (defined as patients with a minimally
25% reduction of total IPSS) and improvements in the QoL score were greater with all
three active treatments than with placebo, but no clinically relevant differences were
seen among active treatments. For example, IPSS reductions were 5.8, 8.0, 7.7, and 8.0
points with placebo, tamsulosin MR 0.4 mg, tamsulosin OCAS 0.4 mg and tamsulosin
OCAS 0.8 mg, respectively (Figure 1). Since the incidence of adverse events of tamsulosin
OCAS 0.8 mg was numerically higher than that of tamsulosin OCAS 0.4 mg (see below),
the latter was concluded to be the recommended dose.
A randomised placebo-controlled pilot study was conducted to assess the effect of
tamsulosin OCAS 0.4 mg on nocturia, the hours of undisturbed sleep and QoL in 117
patients with LUTS/BPH and at least 2 nocturia episodes per night.24 Neither the mean

Figure 1: Time course of symptom
improvement (as measured by the
IPSS) in LUTS/BPH patients treated
with the MR or OCAS formulation
of tamsulosin. Reproduced with
permission from 46.
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increase in hours of undisturbed sleep nor the mean decrease in number of nocturnal
voids from baseline showed a statistically significant difference between tamsulosin
OCAS and placebo, whereas the mean reduction in IPSS nocturia score did statistically
significantly improve with tamsulosin OCAS compared to placebo. Interestingly, a
significant effect on nocturia (based upon the corresponding question of the IPSS) had
previously also been demonstrated for tamsulosin MR.47

SAFETY AND TOLERABILIY
Tamsulosin modified release formulation
The safety and tolerability of tamsulosin MR has been assessed in one phase II27, two
European phase III30, two US phase III28, 29 and several other randomised controlled
trials. Moreover, open-label, post-marketing surveillance studies have assessed the
relative tolerability of tamsulosin MR in subgroups of patients such as those with specific
comorbidities or various concomitant medications. Finally, clinical pharmacology studies
in small numbers of subjects were performed to gain mechanistic insight into the
tolerability of tamsulosin. All these studies looked into adverse events in general and at
blood pressure lowering and abnormal ejaculation in particular.
The phase II and III clinical trials showed a comparable overall incidence of adverse events
between the tamsulosin MR 0.4 mg and placebo groups. The open label extensions
of these trials, as well as the post-marketing surveillance studies, confirmed the good
overall tolerability of tamsulosin.32-37 In addition, it was shown that tamsulosin maintains
its good global tolerability in patients with concomitant disease or co-medication.36 In
direct comparative studies with other a1-AR antagonists, the overall incidence of adverse
events was similar with tamsulosin 0.4 mg/day compared to alfuzosin 2.5 mg t.i.d.41,
extended release alfuzosin 10-15 mg q.d.42, terazosin 5 mg q.d. following titration43
and in a small study with tamsulosin 0.4-0.8 mg as compared to doxazosin 4-8 mg.44 In
contrast, comparison of 0.2 mg tamsulosin to terazosin 1-5 mg in a Korean population39
and to terazosin 2 mg in Chinese patients 40, showed a lower overall incidence of adverse
events in the tamsulosin groups.
Since a1-AR antagonists were originally introduced for the treatment of hypertension,
adverse events related to blood pressure lowering have been addressed specifically in
clinical trials. In both the European and the US placebo-controlled trials, tamsulosin did
not lower systolic or diastolic blood pressure relative to placebo in a clinically relevant
manner.28-30 The incidence of symptomatic orthostatic hypotension in tamsulosin MR
0.4 mg treated patients did not statistically differ to placebo.28-30 A small but statistically
significant difference in incidence of orthostatic hypotension with the tamsulosin 0.8
mg dose was found in one29 but not in another US trial.28 Based upon an aggregate
of randomized controlled, observational and clinical pharmacology studies, it appears
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that cardiovascular comorbidity or concomitant use of antihypertensive drugs do not
adversely affect the cardiovascular tolerability of tamsulosin.48 A clinical pharmacology
study suggests that tamsulosin MR when taken on an empty stomach has greater
cardiovascular effects than after the recommended use after a meal.25
In direct comparative studies, terazosin was shown to cause more symptomatic
orthostatic hypotension than tamsulosin49, and both terazosin and alfuzosin 2.5 mg t.i.d.
were shown to be associated with a significantly greater reduction in blood pressure
than tamsulosin.39-41, 49 A direct comparison of tamsulosin MR with alfuzosin extended
release 10 and 15 mg detected orthostatic hypotension in 1.9%, 2.6% and 3.8% of
patients, respectively.42
Abnormal ejaculation occurred significantly more frequently with tamsulosin than with
placebo in both the European and the US placebo-controlled studies.28-30 The incidence
of abnormal ejaculation was dose-related; 6-11% of the patient receiving tamsulosin
MR 0.4 mg and 18% of the patients receiving tamsulosin MR 0.8 mg reported
abnormal ejaculation, compared to almost 0% of the placebo-treated patients.28, 29
Younger patients appear more susceptible to this adverse event than older patients.
Indirect comparisons of placebo controlled trials show a greater incidence of abnormal
ejaculation with tamsulosin as compared to other a1-AR antagonists.50 However, in
direct comparative studies, the numerically higher incidence of abnormal ejaculation
in tamsulosin treated patients compared to the other a1-AR antagonists failed to reach
statistical significance, unless very large patient numbers were compared.41-43
Tamsulosin oral controlled absorption system formulation
In the above-mentioned phase 2b dose-finding study45, the percentage of patients
reporting at least one treatment emerging adverse event was comparable for tamsulosin
OCAS 0.4 and 0.8 mg and placebo (26-30% of the patients). The incidence was slightly
higher with the 1.2 mg dose (36%). The incidence of dizziness was comparable for
tamsulosin OCAS 0.4 mg (0.5%) and placebo (1.4%), whereas it was higher with
both the 0.8 mg and the 1.2 mg doses of tamsulosin OCAS. Two patients reporting
treatment-related dizziness discontinued from the study (one on 0.8 mg and one on 1.2
mg tamsulosin OCAS). There were no changes of any clinical concern in standing systolic
and diastolic blood pressure in any of the treatment groups. Abnormal ejaculation did
not occur frequently with placebo (0.9%) or with the 0.4 mg dose (2.0%). However, it
increased with the 0.8 mg dose (4.4%) and even more so with the 1.2 mg dose (8.1%).
None of the patients reporting abnormal ejaculation discontinued from the study due to
this treatment emerging adverse event.
In the phase 3a study assessing 2152 patients 46, dizziness and abnormal ejaculation were
the most frequently reported adverse events. The incidence of dizziness was comparable
for the 0.4 mg OCAS dose (1.4%) and placebo (1.4%) and slightly but not significantly
higher with tamsulosin 0.4 mg MR (1.7%) and tamsulosin OCAS 0.8 mg (2.4%). The
incidence of abnormal ejaculation was significantly higher with tamsulosin MR 0.4 mg

82

proefschrift van Dijk.indb 82

8-12-2009 16:45:10

Tamsulosin – MR and OCAS

(3.1%) and tamsulosin OCAS 0.8 mg (5.3%), but not with tamsulosin OCAS 0.4 mg
(1.9%), as compared to placebo (0.3%). Minor reductions in blood pressure relative to
baseline were shown in all treatment groups, including the placebo group; tamsulosin
OCAS 0.4 mg, however, was associated with the smallest reduction in blood pressure.
In a study with 18 healthy male volunteers, tamsulosin OCAS 0.4 mg tablets showed
less cardiovascular α1-AR antagonism, i.e. less inhibition of vasoconstriction and total
peripheral resistance, than tamsulosin MR 0.4 mg capsules after a single dose in the
fasted state.26 These data indicate that on an empty stomach, tamsulosin OCAS may
provide a better cardiovascular safety profile than tamsulosin MR. To compare the
cardiovascular safety of tamsulosin OCAS 0.4 mg and tamsulosin MR 0.4 mg, a doubleblind two-period crossover study was conducted, in which 40 healthy elderly males
were randomised to one of two treatment sequences.51 For the cardiovascular safety
assessments, orthostatic stress tests were performed and vital signs were measured in
the fasting state. An increase of the incidence of positive orthostatic stress tests was
encountered in both tamsulosin OCAS 0.4 mg (17.5%) and in tamsulosin MR 0.4 mg
(31.7%) treated patients compared to pre-dose (2.5%). However, tamsulosin OCAS
caused significantly less orthostasis than tamsulosin MR based upon an analysis of the
discordant pairs (that is a positive test result for only one of the two treatments). The
analysis of the vital signs confirmed that the OCAS formulation caused smaller blood
pressure reductions and increase in pulse rate compared to the MR formulation. Both of
the above studies indicate an improved cardiovascular tolerability of tamsulosin OCAS
as compared to tamsulosin MR under fasting conditions. In the interpretation of these
differences it should be noted that dosing of tamsulosin MR under fasting conditions
is not recommended.17 Indeed, in similar studies it had been shown that lack of food
intake decreases the cardiovascular tolerability of tamsulosin MR.25 Whether a similar
difference exists between tamsulosin OCAS and tamsulosin MR when both are taken
after a meal, remains unknown. However, it can safely be assumed that a certain fraction
of elderly males using tamsulosin MR may not always take their medication after a meal
despite official recommendations to the contrary. Therefore, the above differences
between tamsulosin OCAS and tamsulosin MR may have some practical value despite
study conditions which were biased in favour of tamsulosin OCAS.
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REGULATORY AFFAIRS
Tamsulosin MR has been introduced in many countries including all major markets for
the treatment of LUTS/BPH. Tamsulosin OCAS has been approved by the European
Medicines Evaluation Agency and the Canadian authorities; it has been introduced in
some European countries, and other European countries and Canada are expected to
follow in 2006.
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CONCLUSIONS
Tamsulosin is an a1-AR antagonist for the treatment of LUTS/BPH, and has become
the world-wide market leader. Since its introduction, tamsulosin has been available
in a MR formulation, and recently, an OCAS formulation has been introduced. The
efficacy of tamsulosin MR is equivalent to the efficacy of other a1-AR antagonists
and is maintained for many years. The overall tolerability of tamsulosin 0.4 mg MR is
comparable to placebo and is not affected by cardiovascular comorbidity or concomitant
medication. Furthermore, tamsulosin has a better cardiovascular safety profile than
several other a1-AR antagonists. The tamsulosin 0.4 mg OCAS tablet has been shown
to have smoothened controlled release pharmacokinetics compared with the 0.4 mg
MR capsule. While the efficacy of tamsulosin OCAS and tamsulosin MR are similar, the
OCAS formulation appears to have minor advantages with regard to tolerability, which
may become clinically relevant if the MR capsule is taken on an empty stomach.

OUTLOOK
A recently published large long-term study has demonstrated that the 5a-reductase
inhibitor finasteride and the a1-AR antagonist doxazosin reduce the symptomatic longterm progression of LUTS/BPH.52 However, both types of drugs do so by different
mechanisms, i.e. the 5a-reductase inhibitor mainly by reducing prostate growth and
preventing acute urinary retention and the a1-AR antagonist mainly by preventing
symptom score progression. Therefore, it is not surprising that a combination of both
drugs proved superior with regard to overall clinical progression than either active
treatment alone. However, such combination treatment also has medical costs, i.e.
leads to additive side effects. Since combination treatment is intended for long-term
use, managing such side effect potential is important. When it is assumed that the
effects of finasteride and doxazosin in the above-mentioned study represent class
effects, it appears rational to choose an a1-AR antagonist with a very low side effect
potential such as tamsulosin. Whether a 5a-reductase inhibitor/tamsulosin combination
is indeed beneficial in long-term treatment of LUTS/BPH, is currently undergoing clinical
investigation.

HIGHLIGHTS
Tamsulosin is an a1-AR antagonist with some selectivity for a1A -AR.
Tamsulosin is effective and well tolerated in the treatment of LUTS/BPH, and such effects
are maintained for at least 6 years.
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An MR and an OCAS formulation of tamsulosin are available for q.d. dosing, the latter
having a smoothened pharmacokinetic profile, which is independent of concomitant
food intake.
The MR and OCAS formulation of tamsulosin are equally effective.
The MR and OCAS formulation are similarly well tolerated, but the OCAS formulation
may offer advantages when the drug is taken on an empty stomach.
The tolerability of tamsulosin is maintained in the presence of cardiovascular comorbidity
and concomitant blood pressure-lowering medication.
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INTRODUCTION
Male voiding dysfunction is common in the general population, particularly in the elderly
and often (although not necessarily rightly so) attributed to the presence of benign
prostatic hyperplasia (BPH). The extent of voiding dysfunction is typically assessed by
quantifying signs such as a reduced peak urinary flow (Qmax) or symptoms as measured
in the International Prostate Symptom Score (IPSS). Based upon factor analysis, the
IPSS is often subdivided into a voiding and a storage sub-score.1 Of note, the IPSS is
somewhat biased towards voiding symptoms, as four of the seven question belong to
the voiding sub-score. While a pathophysiological link between BPH and the associated
obstruction and lower urinary tract symptoms (LUTS) implies mainly the presence of
voiding/obstructive symptoms, storage/irritative symptoms are also common in such
men.2
Male LUTS are often associated with a reduced disease-specific quality of life (QoL).
This can be assessed by a variety of questionnaires among which the QoL question of
the IPSS is used most often3 although more complex instruments such as the SF-36
questionnaire may be more informative4 Such research shows that a greater IPSS
statistically is strongly associated with a reduced QoL prior to treatment.5, 6 Many studies
imply that storage symptoms may contribute to this reduced QoL to a greater extent
than voiding symptoms across both genders 4, 7-10, even among men considered to have
major obstruction as they are waiting for BPH-related surgery11 but limited other studies
in men report a stronger association of voiding than storage symptoms with a reduced
QoL.12 Whether a reduced Qmax and voiding symptoms as assessed in the IPSS and its
voiding sub-score can be considered equivalent in this regard has not been evaluated
thoroughly.
Thus, the existing literature clearly demonstrates an association of both voiding and
storage symptoms with QoL at baseline, with the latter exhibiting somewhat stronger
correlations. However, a cause-effect relationship is difficult to evaluate based upon
statistical associations at baseline alone. Stronger scientific arguments could come from
analysis of similar relationships after treatment but only very limited data on this are
available.13 Even more importantly, evidence for a cause-effect relationship could come
from exploring associations between treatment-associated changes of voiding and
storage sub-score on the one and changes of QoL on the other hand. While various
treatment forms have consistently shown QoL improvement in LUTS/BPH patients14, the
relationship between improvements of voiding and storage sub-scores with those of
QoL has not been studied to the best of our knowledge. Therefore, the present study
was done to primarily explore such relationships after treatment in a large sample of
men with LUTS/BPH.
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PATIENTS AND METHODS
This is a retrospective analysis of a single-center database generated during routine
care at the Dept. of Urology of the Radboud University Nijmegen Medical Centre
(Nijmegen, Netherlands), which includes patients diagnosed with LUTS/BPH between
1992 and 2002. The diagnosis and treatment decisions were not based on formalized
criteria but on the medical judgment of one urologist (JdlR) based upon digital rectal
examination, estimation of prostate volume by means of transrectal ultrasound,
uroflowmetry, urinalysis and IPSS including its QoL question,.
Our analysis of associations at baseline includes all patients in the database (n=2611).
Post-treatment analyses are based on patients with at least one assessment of the IPSS
6-12 months after initiation of treatment where at least 150 patients were available
for a given form of treatment. This time frame was chosen because it should yield a
reasonably stable post-treatment situation. The following interventions yielded sufficient
patient numbers for further analysis: watchful waiting (WW, n=421), α-blockers (n=297),
transurethral microwave thermotherapy (TUMT, n=356) and transurethral resection
of the prostate (TURP, n=184). This excluded 696 patients because they had received
treatments other than the above, and 265, 198, 72 and 122 in the WW, α-blockers,
TUMT and TURP groups, respectively, because no post-treatment data were available.
α-Blocker treatment consisted of standard doses of alfuzosin, tamsulosin or terazosin.
TUMT was administered with the Prostatron machine (EDAP-TMS, France) on an
ambulatory basis, and TURP was performed under spinal or general anaesthesia. If more
than one assessment was done within 6-12 after initiation of treatment, the results
closest to 9 months after initiation were used.
A descriptive analysis of the treatment groups at baseline and after 6-12 months of
treatment is presented as means ± SD. From the IPSS a voiding sub-score based upon
the symptoms incomplete emptying, intermittency, weak stream, and straining was
calculated and a storage sub-score based upon frequency, urgency, and nocturia.1 As
both the voiding and the storage sub-score of the IPSS correlated only poorly with Qmax
at baseline (r=0.162 and 0.126, respectively, n=2611), we have used all three parameters
in parallel as explanatory variables to explore their relationships with QoL using multiple
regression analysis. Specifically, we have addressed three questions: 1. What is the
statistical association of Qmax and the voiding and storage sub-score to QoL at baseline
and after 6-12 months of treatment (secondary aim)? 2. Do the various treatments differ
in their effects on Qmax, voiding and storage (tertiary aim)? For this analysis, the possibly
confounding factors age, and baseline values were used as covariates in a multiple
regression analysis. Moreover, the a-blocker group was used as the reference treatment
in the latter analysis because most data from double-blind, randomized studies exist
for this treatment form which is known to improve voiding and storage sub-scores to
a similar extent.15-23 3. What is the statistical association of the treatment-associated
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alterations of Qmax, voiding and storage sub-scores to the associated improvement in
QoL score (primary aim)? All statistical analyses were performed with the statistical
software SPSS for Windows (version 11.5.1, SPSS Inc. Chicago, IL, USA.), and a p < 0.05
was considered as statistically significant.

RESULTS
In multiple regression analysis, baseline Qmax and voiding and storage sub-score of
the IPSS were significantly but weakly associated with QoL with the storage sub-score
exhibiting the strongest association among the three explanatory variables (Table 1).
Thus, all other factors being equal, a Qmax difference of 1 ml/sec or 1 point in each
sub-score statistically explained only a difference of 0.010, 0.074 and 0.120 points in the
QoL score.
Table 1: Multiple regression analysis of the relationship between Qmax, voiding and storage score on the one
and QoL on the other hand.
Parameter

Baseline

Post-treatment

Change parameter vs.
change QoL

Qmax, per ml/sec

-0.010 ± 0.004

-0.016 ± 0.004

-0.033 ± 0.005

voiding sub-score, per point

0.074 ± 0.005

0.107 ± 0.007

0.109 ± 0.008

storage sub-score, per point

0.120 ± 0.006

0.156 ± 0.010

0.119 ± 0.012

The analysis is based upon 2316 and 1258 patients prior to and 6-12 months after treatment, respectively.
Data are given as unstandardized regression coefficients with SEM (all p<0.05) at baseline, after treatment and
for the association between Qmax and score changes with those of QoL.
C HAP TER

As expected, patients assigned to WW, α-blocker, TUMT and TURP had different
baseline characteristics. Lower baseline Qmax correlated with increasing invasiveness of
treatment chosen, i.e. was highest in the WW and lowest in the TURP group (Table 2).
The voiding and storage sub-scores at baseline were lower in the WW than in the other
three groups, but no major differences were seen between the latter.
Increasing invasiveness of treatment was associated with increasing improvements of
Qmax and voiding and storage sub-scores (Table 2), i.e. all three parameters improved
with an order of effectiveness of WW < α-blocker < TUMT < TURP. In order to explore in
more detail the relationship between a form of treatment and the extent of improvement
of Qmax and voiding and storage sub-scores, we have applied multiple regression analysis
using age and baseline value of the respective parameter as co-explanatory variables
(Table 3). This analysis demonstrated small but significant adverse effects of age on the
improvement of Qmax and the storage sub-score, whereas improvements of the voiding
sub-score were not significantly affected. As expected, respective baseline values had a
strong effect on the improvement of all three parameters, i.e. each ml/sec or point at
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Table 2: Baseline and post-treatment characteristics according to allocated treatment
Watchful waiting

α-blocker

TUMT

TURP

421

297

356

184

Age, years

62.9 ±7.8

62.6 ± 8.0

67.1 ± 8.1

64.9 ± 7.4

Qmax, ml/sec

12.5 ± 5.6

10.7 ± 5.0

9.3 ± 3.3

8.3 ± 3.4

+2 ± 43%

+14 ± 53%

+80 ± 140%

+217 ± 220%

7.8 ± 4.3

10.6 ± 4.4

10.7 ± 4.4

10.9 ± 4.4

+2 ± 85%

-28 ± 51%

-60 ± 45%

-85 ± 24%

n

Voiding sub-score, points
Storage sub-score, points

5.8 ± 3.2

7.9 ± 3.2

8.3 ± 3.3

8.3 ± 3.3

-2 ± 69%

-25 ± 41%

-38 ± 49%

-60 ± 30%

Data are mean ± SD of the indicated number of patients for baseline values and % changes thereof upon 6-12
months of treatment.

Table 3: Multiple regression analysis of the relationship between form of treatment and other factors and
improvement of the Qmax and voiding and storage sub-scores of the IPSS
Variable

Qmax, ml/sec

Voiding sub-score, points

Storage sub-score, points

Age, per year

-0.083 ± 0.022

0.003 ± 0.014

0.035 ± 0.010

<0.001

0.826

<0.001

-0.452 ± 0.037

-0.675 ± 0.025

-0.590 ± 0.023

<0.001

<0.001

<0.001

-0.259 ± 0.461

0.770 ± 0.295

0.303 ± 0.208

0.574

0.009

0.145

4.222 ± 0.480

-3.060 ± 0.305

-1.301 ± 0.214

<0.001

<0.001

<0.001

12.348 ± 0.569

-5.436 ± 0.357

-2.665 ± 0.250

<0.001

<0.001

<0.001

Basal value
Watchful waiting
TUMT
TURP

Data are mean ± SEM of the unstandardized regression coefficient and the corresponding p-values. Effects
of treatment forms are expressed relative to those of the reference group (α-blocker treatment). This means
e.g. that all other factors being equal, one year of age explains an improvement of the storage sub-score by
0.035 points, one point of the voiding sub-score at baseline explains an improvement of this sub-score by 0.675
points, and that TURP improves the storage sub-score by 2.665 points more than α-blocker treatment.

baseline statistically explained approximately 0.5 ml/sec or 0.6 points of improvement.
Compared to α-blocker treatment as the reference group, WW had rather similar
effects, i.e. they were numerically slightly weaker than those of the α-blocker with the
differences reaching statistical significance only for the voiding sub-score. In contrast,
TUMT and even more so TURP yielded greater benefit than α-blocker treatment.
Interestingly, these differences were more pronounced for Qmax and the voiding than for
the storage sub-score.
Having characterized treatment effects on Qmax and the IPSS sub-scores, we have
applied multiple regression analysis to explore their associations with QoL after
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treatment (Table 1). This confirmed the associations between all three parameters and
QoL already observed at baseline. Finally, and most importantly, we have explored our
primary research question, i.e. how treatment-associated alterations of Qmax and voiding
and storage sub-scores related to alterations of QoL (Table 1). Improvements of all three
parameters were significantly but weakly associated with QoL improvements. E.g. each
treatment-induced change of Qmax by 1 ml/sec or the voiding or storage sub-score by 1
point was associated with changes of QoL by 0.033, 0.109 and 0.119 points, respectively.

DISCUSSION
The present analysis was primarily designed to explore whether the hypothesis of LUTS
as a cause of reduced QoL and specifically the relative roles of voiding and storage LUTS
can be further supported by post-treatment data.

Critique of methods
For the selection of post-treatment data we have limited ourselves to patients with at least
one assessment at 6-12 months after initiation of treatment to reflect a somewhat stable
clinical situation. Moreover, we have limited ourselves to patients which had received one
of the treatment forms for which at least 150 patients were available to yield meaningful
group sizes. Patients with and without follow-up data did not differ in a meaningful
way in their baseline values, and all treatment groups had comparable attrition rates
(data not shown). Treatment allocations had been based upon the clinical judgment of
one urologist, yielding the expected heterogeneity in pre-treatment symptoms between
groups. Where applicable this has been taken account as co-variables in our analyses, as
randomized comparisons of e.g. WW and TURP would be neither feasible nor ethical.24
Our QoL assessments are based upon the QoL question of the IPSS. While more complex
instruments such as the SF-36 may have benefits over single-item questionnaires, the
QoL question of the IPSS has been used in the majority of previous studies in the field
and consistently shown good correlations with more complex instruments and hence is
considered to be a valid QoL assessment with major utility due to its simplicity.14
In line with previous studies25, 26 our analysis showed only limited correlation between
both voiding or storage sub-scores with Qmax, and hence Qmax has been included as a
separate item into our analyses. All of these factors should be taken into account in the
interpretation of our data.
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Baseline data
In line with many previous studies 4, 7-11, our baseline data confirm that the storage subscore exhibits a somewhat stronger association with QoL than the voiding sub-score and
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each of them a stronger association than Qmax. This validates our database and findings
for the subsequent analysis of post-treatment data.

Treatment effects
As expected, the various treatment forms varied considerably in their efficacy with the
more invasive treatments (TUMT, TURP) causing greater improvement than α-blockers
despite similar baseline symptoms. Of note, the superiority of TUMT and TURP related
not only to the voiding but also, albeit to a slightly smaller extent, to the storage
symptoms.
A statistical association of two parameters at baseline provides only very limited
evidence for a cause-effect relationship. Therefore, the main aim of the present analysis
was to explore the statistical associations of voiding and storage symptoms with QoL
after treatment, and even more importantly how well improvements in either sub-score
correlate to those of QoL. Very limited earlier findings have indicated that storage
symptoms correlate somewhat better with QoL than voiding symptoms, with Qmax
yielding little association.13 Our data, based upon multiple treatment forms with different
efficacy, confirm those findings. Our data importantly extend those earlier studies by
demonstrating that reductions of both voiding and storage sub-scores correlate with
QoL improvements, with the latter yielding somewhat tighter associations. In contrast,
Qmax shows only little association with QoL after treatment.

CONCLUSIONS
While many previous studies have demonstrated inverse correlations between voiding
and storage symptoms and QoL at baseline, our study for the first time shows that
improvements of symptoms correlate with improvements of QoL. This considerably
strengthens the assumptions that symptoms and QoL are indeed related in a causeeffect relationship. Our study also shows that both voiding and storage symptoms
correlate with QoL with the latter exhibiting slightly tighter correlations, and that such
association can be found not at baseline but also after treatment. The relevance of this
conclusion is underscored by its apparent applicability to various medical and surgical
treatment forms.
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INTRODUCTION
The International Continence Society defines nocturia as “the complaint that the
individual has to wake at night one or more times to void”.1 Surveys based upon this
definition yield nocturia prevalence rates of 9-14% in the general adult male population
with much higher values in the elderly and in specific patient groups.2, 3 Nocturia can have
many reasons and accordingly can occur in the context of several urological conditions
and non-urological diseases 4. Among these are lower urinary tract symptoms (LUTS)
suggestive of benign prostatic hyperplasia (BPH), and in such men nocturia is considered
to be one of the more bothersome symptoms prior to treatment.2 Accordingly, several
studies have reported an association of nocturia with a reduced quality of life (QoL) in
univariate analysis of men with LUTS/BPH.5-8 However, the presence of the various LUTS
is related to each other5 and hence univariate analysis may not adequately describe
a relationship between any of them and QoL. Therefore, it was important that more
recent studies have confirmed the association between nocturia and QoL using multiple
regression approaches.9, 10 Previously reported associations between nocturia and
QoL are primarily based on pre-treatment data, but the association of two variables
at baseline provides only limited evidence for a cause-effect relationship. Data on
associations post-treatment and between treatment-associated alterations of nocturia
and QoL would provide much stronger evidence for a cause-effect relationship but such
data are missing so far.
Many studies have explored treatment effects on nocturia in LUTS/BPH patients,
but placebo-controlled data are available for medical treatment only. Most of these
studies have been performed with α1-adrenoceptor antagonists (a-blockers). They have
demonstrated beneficial effects on nocturia for many a-blockers including alfuzosin
(both the immediate and the extended release formulations)11, 12, the immediate release
formulation of doxazosin13, 14, the modified release formulation of tamsulosin15, and the
immediate release formulation of terazosin.6, 16 However, some studies did not detect
significant improvements of nocturia upon a-blocker treatment relative to placebo,
which may have been due to small sample sizes in some cases.17-20 Recent data suggest
that muscarinic antagonists may also reduce nocturia in males with LUTS/BPH and
overactive bladder symptoms.21 On the other hand, finasteride was consistently shown
to lack a beneficial effect on nocturia two large placebo-controlled studies.6, 22 While
transurethral resection of the prostate (TURP)5, 7, 8 or transurethral microwave therapy
(TUMT) were reported to reduce nocturia23, only very limited data from controlled
studies are available.24 While all of these treatment forms also improve QoL in LUTS/BPH
patients, it remains unknown whether improvements of QoL are explained by those of
nocturia and/or other LUTS.
Against this background the primary aim of the present analysis was to determine how
treatment-associated improvements of nocturia relate to those of QoL. Our secondary
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aim was to confirm the contribution of nocturia to QoL at baseline in a multiple
regression approach. Finally, we wished to explore the relative efficacy of WW, TUMT
and TURP against nocturia in comparison with a reference treatment, i.e. α- blockers.

PATIENTS AND METHODS
The present retrospective analysis is based upon a single-centre database generated at
the Dept. of Urology of the Radboud University Nijmegen Medical Center (Nijmegen,
The Netherlands) during routine care. This database includes all patients diagnosed with
LUTS/BPH between 1992 and 2002. Allocation of patients to specific treatment forms
was based upon the medical judgment of the responsible urologist (JdlR) rather than on
formalized criteria. Nocturia causes other than LUTS/BPH1, 2 were not formally ruled out,
but are unlikely to be a major cause in a population of patients being referred from a
general practitioner to a urologist due to their LUTS/BPH.
Our analysis of the relationship between symptoms and QoL prior to treatment is based
upon the data of all patients in this database (n = 2611). All other analyses are based
on a subset of patients for whom at least one assessment of total IPSS was available
6-12 months after initiation of treatment. This time frame was chosen because it should
represent a reasonably stable situation after treatment and because it has also been
applied in other studies on treatment effects on nocturia.6, 7 Moreover, to generate
group sizes allowing meaningful data, we restricted our analysis to treatment forms
for which at least 150 patients were available; these were WW (n = 421), a-blockers
(n = 297), TUMT (n = 356) and TURP (n = 184). None of the patients in TUMT or
TURP groups received additional α-blocker treatment. The latter analysis excluded 696
patients because they had received treatments other than those four and 265, 198, 72
and 122 in the WW, a-blockers, TUMT and TURP groups, respectively, because no posttreatment data in the 6-12 months period were available (figure 1).
Prior to treatment age, prostate volume (transrectal ultrasound), free flow Qmax and IPSS
including the QoL question were assessed. In the a-blocker group 30.6% of patients were
on alfuzosin (2.5 mg t.i.d., 5 mg b.i.d. or 10 mg q.d.), 38.7% on tamsulosin (0.4 mg q.d.)
and 27.3% on terazosin (largely 5 mg q.d.). TUMT was administered with the Prostatron
machine (EDAP-TMS, France) on an ambulatory basis according to an extensively
described treatment algorithm and protocol.25 At the end of the procedure, patients
received a transurethral catheter and were discharged home; patients were usually
seen for outpatient control one week after treatment and if possible the transurethral
catheter was removed. TURP was performed under spinal or general anaesthesia. A
24 Ch resectoscope was used and the treatment was intended to be as complete as
possible. Following treatment, all patients received an indwelling Foley catheter, which
was permanently removed when haematuria decreased sufficiently and the patient
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Figure 1: Patient flow within the study.
Baseline
population
N=2611

WW
N=686

Post- RX
data
N=421

No postRX data
N=265

α- Blocker
N=495

Post- RX
data
N=297

No postRX data
N=198

TUMT
N=428

Post- RX
data
N=356

No postRX data
N=72

TURP
N=306

Post- RX
data
N=184

No postRX data
N=122

Other RX
N=696

Post- RX
data
N=467

No postRX data
N=229

completed a successful voiding trial. If more than one assessment was done within 6-12
after initiation of treatment, the one closest to 9 months after initiation was used.
A descriptive analysis of the treatment groups is presented as means ± standard
deviation (SD). Our additional statistical analyses explored three main questions by
means of multiple regression analysis: 1. What is the statistical association of each IPSS
question to the QoL score at baseline and after 6-12 months of treatment (secondary
aim)? 2. Do the various treatments differ in their effects on nocturia (tertiary aim)? For
this analysis, the possibly confounding factors age, baseline prostate volume, baseline
Qmax and baseline total IPSS were used as covariates in a multiple regression analysis.
Moreover, the a-blocker group was used as the reference treatment in the latter analysis
because double-blind, randomized studies exist for each a-blocker used in our database
to demonstrate a beneficial effect relative to placebo (see introduction). 3. What is the
statistical association of the treatment-associated alterations of each IPSS question to
the associated improvement in QoL score (primary aim)? All statistical analyses were
performed with the statistical software SPSS for Windows (version 11.5.1, SPSS Inc.
Chicago, IL, USA.), and a p < 0.05 was considered as statistically significant.
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To determine how strongly individual IPSS questions correlate with QoL prior to
treatment, the entire set of 2611 patients with IPSS data was used irrespective of the
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type of subsequent treatment. A multiple regression analysis revealed that weak stream,
nocturia and urgency yielded the statistically strongest association with the QoL score,
whereas incomplete emptying, frequency and straining yielded weaker correlations;
the contribution of intermittent stream was weakest and failed to reach statistical
significance (table 1). When a similar analysis was done using the data obtained 6-12
Table 1: Multiple regression analysis of the relationship between symptoms and QoL prior to and after
treatment
IPSS question

Prior to
treatment

After 6-12 months of
treatment

1 (incomplete emptying)

0.101 ± 0.014

0.137 ± 0.024

2 (frequency)

0.086 ± 0.017

0.125 ± 0.024

3 (intermittency)

0.027 ± 0.014

0.051 ± 0.022

4 (urgency)

0.135 ± 0.014

0.143 ± 0.021

5 (weak stream)

0.139 ± 0.015

0.201 ± 0.019

6 (straining)

0.057 ± 0.013

0.068 ± 0.025

7 (nocturia)

0.135 ± 0.018

0.222 ± 0.028

The analysis is based upon 2611 and 1258 patients prior to treatment and after 6-12 months of treatment,
respectively. Data are given as unstandardized regression coefficients with SEM. This means e.g. that, all other
factors being equal, each additional basal nocturia point was associated with a 0.135 point greater QoL score.
All correlations are statistically significant at the p < 0.05 level except for intermittency at baseline. Note that
the overall low regression coefficients were derived from multiple regression analysis, i.e. reflect the specific
statistical contribution of a given explanatory variable rather than the overall correlation of two symptoms.
Table 2: Baseline and post-treatment characteristics according to allocated treatment
Watchful waiting

α-blocker

421

297

N

baseline

Age, years

62.9 ±7.8

Prostate volume, ml

37.6 ± 16.7

Qmax, ml/sec

12.5 ± 5.6*

Total IPSS
Incomplete emptying

6-12 months

baseline

6-12 months

62.6 ± 8.0
38.8 ± 20.0
11.9 ± 5.7

10.7 ± 5.0

11.1 ± 5.2

13.6 ± 6.1*

11.6 ± 6.1

18.5 ± 6.2

12.4 ± 6.3

1.7 ± 1.5*

1.3 ± 1.3*

2.3 ± 1.7

1.6 ± 1.4

Frequency

2.3 ± 1.4*

1.9 ± 1.3

3.0 ± 3.0

2.0 ± 1.4

Intermittency

2.0 ± 1.7*

1.8 ± 1.6

2.8 ± 1.7

1.7 ± 1.5

Urgency

1.7 ± 1.6*

1.5 ± 1.5*

2.7 ±1.7

1.8 ± 1.6

Weak stream

3.0 ± 1.6*

2.6 ± 1.6

3.8 ±1.4

2.5 ± 1.6

Straining

1.1 ± 1.4*

1.0 ± 1.3

1.7 ± 1.7

1.0 ± 1.3

Nocturia

1.8 ± 1.1*

1.6 ± 1.0

2.2 ± 1.1

1.7 ± 1.0

QoL question

3.0 ± 1.1*

2.4 ± 1.1

3.6 ± 1.0

2.6 ± 1.1

Data are mean ± SD of the indicated number of patients for baseline values and those measured after 6-12
months of treatment. *: p < 0.05 vs. the reference group (α-blockers) in a one-way ANOVA followed by
Dunnett’s multiple comparison tests.
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months after initiation of treatment, a similar pattern emerged (table 1). Thus, at this
time point the items nocturia and weak stream had the strongest correlations with QoL,
whereas straining and intermittency had the weakest correlations. Of note and in line
with previous studies26, self-reported weak stream correlated only poorly to moderately
with measured Qmax at baseline, after treatment and for treatment-associated changes (r
= -0.198, -0.419, and -0.431, respectively).
Our series contains data on patients receiving different forms of treatment. Expectedly,
the baseline characteristics differed somewhat between patients going on to receive
WW, a-blockers, TUMT and TURP (table 2). All groups had mean ages of 62-67 years.
Patients receiving TUMT or TURP had markedly larger prostates than those receiving
conservative treatment. Pre-treatment Qmax decreased with increasing invasiveness of
treatment, reflecting that the urologist was more likely to recommend ablative treatment
forms for patients more likely to be obstructed. While patients receiving WW had a
markedly smaller IPSS at baseline than the other groups, no major differences were seen
between those three for total IPSS or individual items thereof. Treatments increased
Qmax with an order of efficacy of WW < a-blockers < TUMT < TURP (table 2). The same
order of efficacy was seen for reductions of total IPSS and each individual item and the
QoL question thereof (table 2), and this was also seen for % changes (data not shown).
To explore a relationship between form of treatment and improvement of nocturia, we
have performed a logistic regression analysis using the a-blocker group as reference
treatment (table 3). The covariates age, basal prostate volume and basal Qmax had only

TUMT

TURP

356

184

baseline

6-12 months

67.1 ± 8.1*

baseline

6-12 months

64.9 ± 7.4*

57.2 ± 24.5*

52.1 ± 20.9*

9.3 ± 3.3*

14.2 ± 6.1*

8.3 ± 3.4*

21.8 ± 9.7*

18.9 ± 6.5

8.3 ± 6.5*

19.2 ± 6.6

4.6 ± 4.5*

2.4 ± 1.7

0.9 ± 1.2*

2.6 ± 1.7

0.5 ± 1.0*

3.1 ± 1.5

1.7 ± 1.4*

3.1 ± 1.5

1.1 ± 1.1*

2.6 ± 1.6

1.0 ± 1.4*

2.7 ± 1.6

0.3 ± 0.8*

2.8 ± 1.7

1.3 ± 1.5*

2.8 ± 1.7

0.7 ± 1.1*

3.9 ± 1.3

1.5 ± 1.6*

3.8 ± 1.3

0.5 ± 0.9*

1.8 ± 1.8

0.5 ± 1.4*

1.9 ± 1.7

0.2 ± 0.6

2.4 ± 1.2

1.5 ± 1.0*

2.4 ± 1.3

1.3 ± 0.8*

3.9* ± 1.0

1.7 ± 1.3*

3.9 ± 1.2*

1.1 ± 1.1*
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Table 3: Relationship between form of treatment and other factors and improvement of nocturia
Factor
Age, per year

Unstandardized
regression coefficient

p-value

+0.005 ± 0.004

0.220

Basal prostate volume, per ml

-0.003 ± 0.001

0.056

Basal Qmax, per ml/sec

+0.005 ± 0.006

0.402

Basal total IPSS, per point

-0.048 ± 0.005

<0.001

Watchful waiting

+0.044 ± 0.080

0.583

TUMT

-0.307 ± 0.083

<0.001

TURP

-0.638 ± 0.100

<0.001

Data are mean ± SEM of the unstandardized regression coefficient and the associate p-values and are expressed
relative to the group of patients receiving α-blocker treatment. This means e.g. that, all other factors being
equal, TUMT and TURP were with a 0.307 and 0.638 point greater QoL score improvement as compared to
α-blocker treatment.

Table 4: Multiple regression analysis of the relationship between treatment-associated alterations of symptoms
and of QoL.
IPSS question

Unstandardized regression
coefficient

1 (incomplete emptying)

0.139 ± 0.022

2 (frequency)

0.064 ± 0.025

3 (intermittency)

0.052 ± 0.023

4 (urgency)

0.141 ± 0.022

5 (weak stream)

0.230 ± 0.021

6 (straining)

0.060 ± 0.022

7 (nocturia)

0.210 ± 0.036

The analysis is based upon 1258 patients for whom a relationship between alterations of individual IPSS items
and those of QoL were explored using differences between pre-treatment values and those after 6-12 months
of treatment were analyzed. Data are given as undstandardized regression coefficients with SEM. This means
e.g. that, all other factors being equal, each additional improvement of nocturia by one point was associated
with a 0.210 point greater QoL score improvement. All correlations are statistically significant at the p < 0.05
level. Note that the overall low regression coefficients were derived from multiple regression analysis, i.e.
reflect the specific statistical contribution of a given explanatory variable rather than the overall correlation of
two symptoms.

very small and statistically non-significant effects on treatment-associated improvements
of nocturia. On the other hand, basal total IPSS had a significant contribution reflecting
the relatedness of nocturia with other items in the IPSS as well as regression to the
mean. Thus, all other factors being equal, each additional basal IPSS point was associated
with a 0.05 point greater improvement of the nocturia question upon treatment. Upon
adjustment for all of these factors, the effect of WW on nocturia improvement was
similar to that of a-blocker treatment. In contrast, TUMT and TURP were significantly
associated with a 0.3 and 0.6 point greater improvement of nocturia as compared to
a-blocker treatment.
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After having thus validated our analysis by confirming previous findings on baseline
associations10, 27, we have finally applied multiple regression analysis to address our
primary question, i.e. to determine possible relationships between treatment-associated
alterations of individual IPSS items and alterations of QoL (table 4). This revealed
that improvements in weak stream and nocturia had the strongest association with
improvements of QoL, whereas those of frequency, straining and intermittency had the
weakest associations.

DISCUSSION
Critique of methods
Most previous studies quantifying nocturia, particularly those assessing treatment
effects, have relied on the nocturia question of the IPSS or similar symptom scores.2
While self-reported nocturia as documented in the IPSS is valid compared to diaries and
24-h monitoring6, 28, these scores were not developed to specifically assess nocturia.
Tools such as the NQoL 2 or NNES-Q scores29 may be more appropriate but became
available only recently. Therefore, in line with almost all previous studies, the present
analysis relies on the nocturia question of the IPSS.
Nocturia can be caused by several urological conditions and many non-urological
diseases.2, 4, 30 Causes other than LUTS/BPH may limit the overall apparent efficacy
of treatments directed against one specific cause of nocturia but probably have only
limited impact on our association analyses or comparisons among treatments as we have
used fairly large patient groups. Possible gender differences in the pathophysiology of
nocturia31 are not applicable to our analysis which has been performed in males only.
Nocturia and other LUTS may be related to each other as demonstrated by a previous
study showing a good correlation between nocturia and urgency in LUTS/BPH patients.5
Nevertheless, most previous studies into the relationship between nocturia and QoL
have been univariate5-8 and confirmation of such associations based upon the more
valid multiple regression approaches have emerged only recently.10, 32 To retain statistical
power despite multiple explanatory variables, large patient samples are required. To
achieve this we have used the database from a single centre collected over a period of 10
years. This population should be representative for that seen in a typical urologist’s office.
For our analysis of post-treatment results we have chosen a time point of 6-12 months
after initiation of treatment because this is likely to represent a relatively stable phase
of the condition and is in line with other treatment studies6, 7; however, many studies
on medical treatment have relied on shorter observation times.11-13, 15, 16 Post-treatment
data were available for only slightly more than half of our patients. This partly reflects
that some patients received treatments other than WW, a-blockers, TUMT or TURP, but
with too few patients for a given treatment to allow meaningful group sizes. Some of
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the patients receiving any of the four specified treatments did not have follow-up data
at 6-12 months or had meanwhile switched to other treatment forms. However, the
combined attrition was similar for all treatments (39-42% of the original patients) except
for the TUMT group (17% of patients), indicating that this did not introduce a major
bias in the analysis of the post-treatment data. With regard to the comparison between
treatment groups, we have chosen to use the a-blocker group used as reference
treatment because this is the only form of treatment for which a large body of evidence
exists regarding their efficacy against nocturia in randomized, placebo-controlled,
double-blind studies.6, 11-13, 15, 16, 33
Patients in the present analysis had not been assigned to specific treatment forms in
a randomized manner but rather based upon the medical judgment of their urologist.
Actually, it is doubtful whether a randomized study comparing such divergent treatment
forms as WW and TURP would be permissible on ethical grounds or feasible. This
lack of randomization has led to considerable differences between treatment groups
for parameters such as age, prostate volume, Qmax and total IPSS. To account for
such differences, these possibly confounding factors were used as covariates in our
comparison of treatment forms. Given that previous nocturia studies on TURP lacked a
control group7, 8, such statistical adjustment appears to be the only feasible approach
to compare effects of surgical and non-surgical treatments. Nevertheless, it must be
emphasized that this design does not allow a true hypothesis testing but rather should
be considered an explorative analysis. All of the above methodological factors should be
kept in mind in the interpretation of our data.

Baseline data
Early studies have shown that nocturia in LUTS/BPH patients is correlated with
urodynamic variables such as urethral resistance and detrusor pressure at maximum
flow.34 Moreover, nocturia correlated with bother and QoL in univariate analyses.5-8 As
all symptoms assessed in the IPSS are correlated with each other5 and since univariate
analysis does not account for that, more recent studies have used multivariate analysis
to demonstrate associations between nocturia and QoL more convincingly.10, 35 Our
multivariate analysis confirms such associations at baseline and extends them by
demonstrating that this relationship is maintained even after treatment. These findings
validate our overall approach.

Treatment effects
Until now a-blockers are the only treatment form for which multiple double-blind,
placebo-controlled studies have demonstrated effects against nocturia in LUTS/BPH
patients (see introduction). While other approaches such as surgical treatment have
yielded nocturia improvement in uncontrolled open-label studies5, 7, 8, their relative
efficacy as compared to other treatment forms remains unknown, particularly as a
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sizeable fraction of LUTS/BPH patients continues to have nocturia following surgical
treatment.36 Therefore, it was of interest to explore whether different treatment forms
differentially affect nocturia in LUTS/BPH patients. Our database contained information
in four types of treatment, i.e. WW, a-blockers, TUMT and TURP, which are known
to differ not only in their degree of invasiveness but also in their overall effectiveness.
Therefore, it was not surprising to see that in this real-life database, in which treatment
allocation was based upon the medical judgment of the urologist, the four treatment
groups differed considerably in their overall baseline symptoms including nocturia but
also in other variables such as age, prostate volume and Qmax. Both absolute and %
changes in nocturia were observed with a rank order of potency of WW < a-blockers <
TUMT < TURP. However, realizing that baseline symptoms are a very strong statistical
factor in treatment-induced improvements thereof37, we have performed a multivariate
analysis adjusting for differences in various baseline parameters. As it may not be feasible
to compare such vastly different treatments in a randomized study, this may the best
possible comparison despite its obvious short-comings. After such adjustments, WW
was approximately as effective in the reduction of nocturia as an a-blocker, whereas
TUMT and particularly TURP were significantly more effective. The lack of statistical
differentiation between WW and a-blockers does not necessarily show an ineffectiveness
of the latter, but may relate to differences between WW and placebo-treatment and/or
to the fact that the beneficial effect of a-blockers on nocturia has not been found in all
studies 18-20, 38. Interestingly, the adjusted advantage of TUMT and TURP relative to an
a-blocker corresponded to once and twice, respectively, the advantage that terazosin or
doxazosin had shown relative to placebo in one- and four-year studies, respectively.6, 39
The combination of a large number of patients and varying degrees of efficacy against
nocturia uniquely enabled us to address the primary question of our study, i.e. how
treatment-induced nocturia improvements relate to those of QoL. Our data not only
show that the association between nocturia and QoL is maintained after treatment but
more importantly demonstrate for the first time that the extent of nocturia improvement
upon treatment is more strongly associated with the extent of QoL improvement than
that of most other symptoms quantified in the IPSS.

CONCLUSIONS
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In summary, our data based upon multivariate analysis confirm that nocturia is one of
the most important factors determining the pre-treatment QoL in LUTS/BPH patients.
While ablative treatments such as TUMT and TURP have mainly been thought to act
against obstructive symptoms, our data indicate that their effectiveness against an
irritative symptom such as nocturia is not only similar to but even greater than that of an
a-blocker. However, this remains to be confirmed in independent, preferably randomized

109

proefschrift van Dijk.indb 109

8-12-2009 16:45:15

Chapter 8

controlled studies. The key finding of our study is that improvements of nocturia are
one of the strongest contributors to improvements of QoL upon treatment, thereby
increasing the likelihood that this is indeed a cause-effect relationship rather than only
a statistical association. As QoL is a key treatment goal of LUTS/BPH patients, these
findings make it even more important to design future studies comparing effects of
multiple treatment options on nocturia.
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INTRODUCTION
Lower urinary tract symptoms (LUTS) due to benign prostatic hyperplasia (BPH) are
common in aging men, and it is well established that the incidence increases with age.
Patients with LUTS are often reported to experience sexual dysfunction. For patients
primarily seeking help for their voiding problems, prevalence values have been reported
as 38-67% for ejaculation disorders and 41-63% for impaired erectile function.1-3 Since
sexual dysfunction is also strongly associated with age 4, it is not clear whether LUTS due
to BPH and sexual dysfunction in elderly men are associated in any way, or whether the
coexistence of these two conditions in elderly patients is only due to the fact that the
incidences of these conditions both increase with age. Over the past years, increasing
attention has been paid to this question; no consensus has been reached so far, however.
The long-established opinion which has been held by the majority of urologists is that
there is no significant relationship between LUTS and sexual dysfunction. However, the
results of several recent papers assessing this subject controversially indicate that the
relationship is more than coincidental.
These recent findings entail reconsideration of the conventional beliefs on this issue. This
review was conducted to discuss the recent literature implying that LUTS may well be an
independent risk factor for sexual dysfunction.
When evaluating the association between sexual dysfunction and LUTS, it is also
important to discuss in what way sexual function is affected by the treatment of LUTS
due to BPH. In this paper we will therefore also concisely review the literature on the
implications of the different treatment modalities for sexual function.

LUTS DUE TO BPH AND SEXUAL DYSFUNCTION; IS
THERE AN ASSOCIATION?
‘Sexual dysfunction’ is a very global term encompassing a diversity of disorders. In order
to be able to discuss the relationship between sexual dysfunction and LUTS due to BPH,
it is necessary to make use of a definition of sexual dysfunction. In urological practice,
male sexual dysfunction is mostly regarded as reflecting problems with the following
factors: libido, ejaculation and erectile function, or a combination of these. Therefore,
in this paper, we will define male sexual dysfunction as erectile dysfunction, ejaculation
disorder or decreased libido.
The Agency for Health Care Policy and Research (AHCPR) Archived Clinical Practice Guidelines
from 1994 claim that there is no evidence to suggest that BPH itself, independent of an
increase in sexual dysfunction related to age, adversely affects sexual function.5 Downs
and O’Leary6 stated in Current Opinion in Urology in 1999, that BPH does not appear to
impose specific deleterious pathological effects on sexual function. In this article, it was
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claimed that the decline in sexual function is more likely to be attributable to the normal
aging process along with underlying co-morbidities such as diabetes, vascular disease and
renal failure. In a rapid review in The Lancet in 2003, Kassabian7 also suggested that the
relationship between BPH and sexual dysfunction is coincidental.
However, the results of several recent trials implied the opposite. In the ‘Krimpen study’8,
all men aged 50 to 75 in a Dutch municipality were investigated using self-administered
questionnaires (International Prostate Symptoms Score (IPSS), International Continence
Society Sex (ICSsex) questionnaire and questions about medical history) and a visit to
the urology outpatient clinic to gain information on male urogenital tract problems.
It was found that significant erectile dysfunction and ejaculatory dysfunction occurred
more frequently in men with a higher IPPS.
The Multinational Survey of the Aging Male (MSAM-7)9 investigated the relationship
between LUTS and sexual problems in a representative sample of men aged 50-80 years
in Europe and the US. Detailed questionnaires on urinary symptoms (IPSS) and sexual
function (Danish Prostatic Symptom Score (DAN-PSS-Sex and the international Index of
Erectile Function (IIEF)) were mailed to 34800 men in the US and six European countries;
12815 questionnaires were eventually included in the analysis. The severity of LUTS was
found to be a highly significant predictor of the presence of problems with erection,
ejaculation and sexual desire. Importantly, this relationship was independent of age,
lifestyle factors and various co-morbidities.
In the “Cologne Male Survey”10, 4489 questionnaires on erectile dysfunction (the
“Kölner Erfassungsbogen der Erektile Dysfunktion”) and voiding problems (IPSS) which
had been sent to a representative population sample in Germany were evaluated.
Analysis showed that the average IPSS in men with erectile dysfunction was higher than
in men without erectile dysfunction. This association was independent of age as well as
other co-morbidities such as diabetes mellitus, hypertension and pelvic operation. The
authors conclude that the occurrence of LUTS can be considered as an age-independent
risk factor for the development of erectile dysfunction.
Another community-based survey to investigate the relationship between LUTS and
sexual function was conducted by Hansen.11 To assess urinary symptoms and sexual
function, the IPSS and Danish Prostate Symptom Score questionnaires were sent to
a random sample of the population aged 40-65 years. Analysis revealed that men
with LUTS were almost three times as likely to experience erection difficulties or low
satisfaction with sex life than men without LUTS, thus suggesting that LUTS might be an
independent risk factor for sexual dysfunction.
These community-based trials all made use of self-reported questionnaires mailed to
representative samples of the community. Earlier reports on this subject were mostly
based on information from clinical samples12, which may have introduced some
bias, since these studies represent the most severe cases of the disease under study
only. However, potential effects of selection bias in a population-based trial can also
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not completely be eliminated, as was discussed by Rosen et al..9 It is theoretically
possible that respondents with lesser degree of LUTS or sexual dysfunction were less
interested in participation in the study.9, 11 Another possible limitation of these trials
concerns the use of self-reported questionnaires. Although the questionnaires used
in these trial had all been previously validated and are widely used in both research
and practice, there is a risk of response-bias, as respondents may incorrectly report
their urinary or sexual dysfunction complaints.9, 11 In addition, most studies made use
of different questionnaires, all assessing different aspects of sexual function, varying
from libido, sexual drive, erection and ejaculation to overall satisfaction with sex life and
bothersomeness of sexual dysfunction. Therefore, comparison of the results of the trials
should be carried out with care.
The above-mentioned community-based surveys suggest that there is an ageindependent association between LUTS and erectile dysfunction8-11, ejaculation disorder11
and decreased libido.9 This association does not however necessarily imply causality,
since the potential underlying mechanisms involved are currently still unclear. Does
the presence of LUTS directly or indirectly increases the chance of sexual dysfunction,
or is sexual dysfunction a risk factor for developing LUTS? Another possibility is that
both disorders are caused by a third, as yet unidentified factor.9, 11 Several theories on
contributory factors were postulated in the literature. It is possible that the increased
noradrenergic activity associated with bladder outlet obstruction due to BPH may also
interfere with the normal process of erection and ejaculation.9, 11 Secondly, LUTS and
especially nocturia cause a disturbance in sleeping pattern which in its turn may lead
to impaired sexual function.10 Furthermore, psychological factors might provide an
explanation, since the embarrassment and stress accompanying LUTS may negatively
influence sexual function.9, 11
In the explanation of the relationship between LUTS and sexual dysfunction one should
keep in mind that LUTS can be caused by a wide range of underlying conditions, such
as BPH or overactive bladder. In the assessment of voiding problems most trials made
use of the IPSS score, which is not specific for any one of these underlying conditions.
The recent literature demonstrates that a strong association exists between LUTS and
sexual dysfunction. Future study is required to gain a better understanding of the nature
of this association.
C HAP TER

THE EFFECT OF THERAPEUTIC INTERVENTION ON
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In the evaluation of therapeutic options for LUTS due to BPH, increasing attention is being
paid to the improvement of quality of life. Since sexual function is generally believed to
have an impact on quality of life, the effect of treatment on sexual function is currently
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also increasingly taken into consideration. Naturally, in order to assess the effect of
therapeutic interventions on sexual function, it is important to define a patient’s level
of sexual function before the initiation of the therapy. Treatment modalities for LUTS
due to BPH can essentially be divided into surgical and medical treatment. Below, we
will concisely discuss the effect of the different treatment modalities on sexual function.

Surgical treatment
Transurethral resection of the prostate
Transurethral resection of the prostate (TURP) still is the most common surgical
treatment for patients with LUTS due to BPH. The maintenance of potency after surgery
is a vital issue. Early papers report high rates of erectile dysfunction (3.4 to 32.4%) after
TURP. These historical data also report a high risk of retrograde ejaculation (30.4 to
96.9%) after this treatment.5 More favourable results on erectile function after TURP
were reported in the recent literature. In the Veterans Affairs Cooperative Study group13,
556 men with urinary symptoms were randomized between TURP and watchful waiting.
After a follow-up period of three years, deterioration of sexual performance appeared
not to differ between the two study arms. At the end of the study, 19% of patients
in the surgery group and 21% of those in the watchful waiting group reported that
their sexual performance was worse, whereas 3% in each treatment arm reported
that it had improved. Another randomized trial comparing the outcomes of TURP and
watchful waiting14 showed that men undergoing TURP were significantly less likely
to experience erectile dysfunction than those undergoing conservative management.
Pain and discomfort on ejaculation also occurred less often after TURP than after
watchful waiting. Ejaculatory function, however, was significantly worse among those
who underwent TURP rather than watchful waiting. In contrast to the results of earlier
reports, these more recent trials show that erectile function is not severely impaired
after TURP. Retrograde ejaculation however, does appear to be a common complication
of this treatment.
Minimally invasive therapies
Several minimally invasive therapies have been developed as an alternative to TURP in
the past decades. A complete outline of the literature on all the different types is beyond
the scope of this paper. In this section we review the findings of studies addressing the
effects on sexual function of three examples of these recently developed treatments;
transurethral microwave therapy (TUMT), transurethral needle ablation (TUNA) and
interstitial laser coagulation.
TUMT uses a combination of transurethrally administered radiating heat therapy and
conductive cooling administered via the urethra. The microwave energy applied deep
within the lateral lobes leads to irreversible cell damage of prostatic tissue. Both Ogden et
al.15 and Francisca et al.16 reported no change in sexual performance after lower energy
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TUMT when compared with sham treatment. In a randomized clinical trial comparing
high energy TUMT to TURP17, TUMT induced a significantly lower decline of antegrade
ejaculation after treatment than TURP. Although neither TUMT nor TURP induced any
major changes with respect to morning erections, orgasms, premature loss of erection
and sexual activities, patients in the TUMT group were significantly more satisfied with
their sexual functioning than patients in the TURP group.
In TUNA, needles are being used to deliver radio-frequency energy into the prostate,
resulting in heat-induced ablation of prostatic tissue. In a prospective trial with 130
patients with LUTS due to BPH undergoing TUNA18, two patients reported erectile
dysfunction and only one patient experienced retrograde ejaculation after 12 months
follow-up. In a randomized controlled trial comparing the results of TUNA with those
of TURP19, no patients reported retrograde ejaculation in the TUNA group, whereas
41.1% of the patients in the TURP group experienced retrograde ejaculation. In addition,
the incidence of erectile dysfunction following TUNA was significantly lower than the
incidence of impotence after TURP.
Transurethral interstitial laser coagulation is performed by placing laser-diffusing fibres
directly in the prostatic adenoma, thus achieving coagulation necrosis within the
adenoma which causes the prostatic lobes to regress. In a review on interstitial laser
coagulation Laguna et al.20 reported erectile dysfunction to occur only occasionally,
while retrograde ejaculation was experienced by 0-12% of the patients. A randomized
controlled trial comparing the effects of interstitial laser coagulation to the outcomes of
TURP21 found that sexual function declined after TURP, whereas it remained stable in
the interstitial laser coagulation group.
Neither TURP nor the minimally invasive therapies discussed above appear to induce
serious erectile dysfunction. Retrograde ejaculation, however, is a common complication
of TURP and -to a lesser extent- also of the minimally invasive procedures.

Medical treatment
Medical treatment is widely used in the initial management of LUTS due to BPH. Three
pharmacological treatment options have become available over the years: alpha-1receptor antagonists, 5-alpha-reductase inhibitors and a combination of these. In this
section we will consecutively briefly discuss the effect of these three different therapeutic
options on sexual function.
Alpha-1-receptor antagonists
The rationale for the use of alpha-1-receptor antagonists is based on the ability of these
drugs to reduce the pressure in the urethra and bladder neck by blocking the motor
sympathetic adrenergic nerve supply to the prostate. Several alpha-1-receptor antagonists
with different receptor subtype selectivity have been developed over the years. Table
1 summarizes the results related to sexual function of several randomized controlled
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Table 1: Effect of alpha-1- receptor antagonists on sexual function

Roehrborn22

Impotence

Alpha-1-receptor
antagonist

Placebo

Drug

Abnormal ejaculation
Placebo

Decreased libido

Drug

Placebo

Drug

Alfuzosin once daily

1.1

2.8

0

0

NA

NA

Lepor23

Terazosin

5

6

1

0.3

1

3

Roehrborn24

Terazosin

NA

NA

0.2

1.4*

NA

NA

Höfner25

Tamsulosin

1.6

0.8

1

4.5*

0

1

Lepor26

Tamsulosin 0.4 mg

NA

NA

0

6*

NA

NA

Tamsulosin 0.8 mg

NA

NA

0

18*

NA

NA

Tamsulosin 0.4 mg

NA

NA

<1

11*

NA

NA

Narayan27
Kirby28

Tamsulosin 0.8 mg

NA

NA

<1

18*

NA

NA

Doxazosin

3.3

5.8

1.5

0.4

1.9

3.6

Values are %. *: P<0.05; NA: not applicable

trials comparing alfuzosin, terazosin, tamsulosin and doxazosin to placebo. In this table,
abnormal ejaculation is defined as retrograde ejaculation, reduced ejaculate volume
or absence of ejaculation. It is shown that neither alfuzosin nor doxazosin significantly
affects erectile or ejaculatory function. In addition, libido is not negatively affected by
doxazosin. Terazosin also appears not to induce impotence nor does it lead to decreased
libido. In one trial on terazosin conducted by Roehrborn et al.24, a small but statistically
significant difference in the rate of abnormal ejaculation in favor of placebo was found.
In all trials, tamsulosin is shown to induce abnormal ejaculation significantly more often
than placebo. The effect of tamsulosin on erectile function and libido was assessed in
only one of these trials25, in which no difference between tamsulosin and placebo was
found. Additionally, an ‘overall sexual function score’, by means of three questions on
the effect LUTS on libido and erectile and ejaculatory function, was assessed in this trial.
Interestingly, this score showed an improvement in the tamsulosin group, whereas overall
sexual function deteriorated in the placebo-group. A comparable observation was made
in a prospective cohort trial conducted by Lukacs et al.29 in which an improvement of
patients’ perceived sexuality was found after one year of treatment with alfuzosin.
From the results of above-mentioned randomized placebo-controlled trials can be
derived that alpha-1-receptor antagonists do not negatively affect erectile function or
libido. On the contrary, alpha-1-receptor antagonists might even have a beneficial effect
on the patient perceived sexual function. Abnormal ejaculation, however, is an adverse
event encountered with the use of alpha-1-receptor antagonists, especially tamsulosin.

5-Alpha-reductase inhibitors
Finasteride, a selective inhibitor 5-alpha-reductase, blocks the conversion of testosterone
to dihydrotestosterone and thereby decreasing the volume of the prostate.
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The effects on libido, erectile and ejaculatory function of finasteride derived from five
randomized placebo-controlled trials are shown in table 2. In three of these trials a slight
but significant increase in erectile dysfunction after treatment with finasteride compared
with placebo was found. The incidence of decreased libido and ejaculation disorders
was higher in the finasteride group than in the placebo group in all trials, although
statistically significant in only two trials. About the PLESS study should be noted that the
incidences of decreased libido, ejaculatory disorders and impotence were significantly
higher compared to placebo during the first year of treatment, in contrast to the results
at 4 years follow-up shown in table 2.
Table 2: Effect of finasteride on sexual function
Impotence

Ejaculatory disorders

Follow up
(years)

Placebo

Drug

Placebo

PREDICT 28

1

3.3

4.9

1.5

PLESS30

4

5.1

5.1

0.1

VA 23

1

5.0

9.0*

1.0

PROWESS31

2

4.7

6.6*

0.6

MTOPSa32

4.5

3.32

4.53*

0.83

1.78*

Drug

Decreased libido
Placebo

Drugs

2.3

1.9

3.4

0.2

2.6

2.6

2.0

1.0

5.0*

2.1*

2.8

4.0

1.40

2.36*

Values for first four trial are %; a per 100 person-years of follow-up. * P<0.05

Combination therapy
Two randomized controlled trials28, 32 comparing the effects of placebo, doxazosin,
finasteride and combination therapy did not find any differences in incidence of erectile
dysfunction and decreased libido in the combination therapy group when compared
with each drug alone. Abnormal ejaculation, however, did occur more frequently in the
patients taking combination therapy.

CONCLUSIONS
Both LUTS and sexual dysfunction are common conditions in the aging male. The
association between these two conditions has been confirmed in recent populationbased studies. The nature of this association, however, remains unclear. Future study
is called for to achieve better comprehension of the potential underlying mechanisms.
Of all the surgical and minimally invasive treatment options, TURP has the highest
incidence of retrograde ejaculation. None of the surgical treatments appears to have a
serious negative impact on erectile function or libido.
The most important adverse events of the different pharmacological therapies with
respect to sexual function are ejaculation disorders in patients using alpha-1-receptor
antagonists, especially tamsulosin, and decreased libido, impotence and ejaculation
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disorders in patients using finasteride. In addition, alpha-1-receptor antagonists might
positively affect the patient perceived sexual function.
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INTRODUCTION
a1-Adrenergic antagonists (α-blockers) such as doxazosin, prazosin or terazosin were
originally introduced for the treatment of arterial hypertension, but following publication
of the ALLHAT (Antihypertensive and Lipid-Lowering treatment to prevent Heart Attack
Trial) study,1 are no longer considered first line drugs in this indication.2 However,
α-blockers are also used in the treatment of lower urinary tract symptoms suggestive
of benign prostatic hyperplasia (BPH), where they have become the most widely used
form of rational treatment. Alfuzosin and tamsulosin are α-blockers which are only
used in the treatment of BPH but not of hypertension. Both hypertension and BPH are
frequently associated with disturbances of sexual function.3-6 Therefore, any treatment
of hypertension and BPH should strive to improve, or at least maintain, sexual function
in these patients.
Sexual function is complex and consists of multiple domains including sexual desire
(libido), erectile function and ejaculatory function. Epidemiological studies among
elderly men demonstrate that erectile and ejaculatory functions are the most frequently
disturbed domains of sexual function. While disturbed ejaculatory function was reported
to be associated with an adverse impact on sexual activity in patients who had undergone
surgical or minimally invasive BPH treatment,7 other studies report that it is considerably
less bothersome to patients than erectile dysfunction.8, 9 Painful ejaculation occurs much
less frequently in elderly men, but appears to be the most bothersome form of sexual
dysfunction.9
The present overview first considers methodological issues in the analysis of adverse
effects on sexual function associated with the use of α-blockers and then summarizes
the effects of individual a-blockers. Our data are based on a systematic review of the
published literature (MEDLINE search ending in June 2005 and a manual search of the
abstracts of the European and American urological congresses of 2003-5) as well as the
regulatory information on the individual drugs. Since alfuzosin, doxazosin, tamsulosin
and terazosin represent the vast majority of the published data on sexual adverse effects
of α-blockers, our manuscript focuses mainly on these four drugs. It should be noted
that almost all reported findings with regard to sexual adverse effects of a-blockers come
from the BPH studies, with only limited information being available in the hypertensive
populations.

METHODOLOGICAL CONSIDERATIONS
C HAP TER

An unbiased evaluation of the frequency and severity of sexual adverse effects of
α-blockers faces several methodological challenges.
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Firstly, many studies on the use of α-blockers have not specifically reported on the
occurrence of sexual adverse effects. While this can be considered as evidence that
such adverse events did not occur frequently, it nevertheless creates a problem in the
analysis of the overall occurrence of such events. Thus, in many studies, sexual adverse
effects were reported because they exceeded a certain threshold. If studies with a lower
incidence do not report specific numbers, the resulting mean involves a publication bias
for higher numbers.
Secondly, the published incidences come from different types of studies that involve
intrinsic reporting bias. Thus, randomized controlled trials (RCTs), in general, report
higher incidences of any adverse event than open-label studies (OLS). While the former
are more reliable to demonstrate differences with a control group, the latter may be
more representative for routine clinical practice. Similarly, studies performed in the US
tend to report more side effects than those performed in Europe. Moreover, the total
incidence of any adverse event increases with observation time, and hence the reported
incidence of sexual adverse effects tends to be higher in the longer studies. Whereas
some studies have only investigated spontaneous reports of adverse events, others
have systematically looked into this with specific questions that lead to higher reported
incidences. All of these factors make inter-study comparisons between drugs difficult.
Thirdly, some drugs have been tested in multiple dose strengths or in dose-titration
designs, and the corresponding publications did not always discriminate at which dose
level a given adverse event has occurred. In this regard, Asian studies tend to have used
lower doses than US studies, with European studies being intermediate.
Fourthly, multiple formulations have been used for some drugs. For example alfuzosin
was originally introduced in a standard formulation (recommended dose 2.5 mg thrice
daily), thereafter in a slow-release (SR) formulation (recommended dose 5 mg twice
daily), and finally in an extended-release (XL) formulation (recommended dose 10 mg
once daily). Doxazosin was originally marketed in a standard formulation, but later a
gastrointestinal therapeutic system formulation (GITS) was introduced (recommended
dose in both cases 4-8 mg once daily). Tamsulosin was originally marketed in a modifiedrelease (MR) formulation, but recently an oral controlled absorption system (OCAS)
formulation was introduced (recommended dose in both cases 0.4 mg once daily).
Finally, the reporting standards have been heterogeneous with regard to the
classification of sexual adverse effects as well as to publication strategies. Thus, in some
cases pooled analyses of multiple studies have been published, where not all underlying
studies have been reported separately; in those cases, we have used the data from the
pooled analysis only. In other cases, it appears that data from a single study have been
published as part of multiple manuscripts; in those cases we have attempted to quote
the most comprehensive report only.
From these considerations, it becomes clear that comparisons between dose levels
and formulations of a given drug are difficult. Similarly, comparisons between drugs,
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particularly when based on indirect comparison of studies involving only a single drug,
should be approached with caution.

SEXUAL DESIRE
Sexual desire is a complex function of the central nervous system but the underlying
mechanisms have not been defined in detail.10 The effects of a-blockers on sexual desire
have been reported less frequently than those on other domains of sexual function.
Table 1: Effects of a1-adrenoceptor antagonist on sexual desire
Study type

No. of pts

Decrease in sexual desire
comparator (% pts)

active
comparator
treatment

active
treatment

Descriptiona

Ref

comparator

Alfuzosin
RCT

149

154

0.7

0.7

3 x 2.5 mg, 12wk

11

RCT

143

154

0.0

0.7

1 x 10 mg XL, 12wk

11

RCT

358

344

0.6

1.7

2 x 5 mg SR, 6mo,
comparator was finasteride
(5 mg)

12

RCT

275

269

3.6

1.9

1 x 1-8 mg dose titration, 1y

13

RCT

756

737

1.6

1.4

1 x 1-8 mg dose titration,
4.5y, the numbers shown are
the rates per 100 personyears of follow-up

14

RCT

381

193

1.0

0.0

1 x 0.4 mg MR, pooled
analysis of three 12 wk
European phase III studies
including15

16

RCT

354

350

1.1

0.3

1 x 0.4 mg MR, 1 y,
comparator was Permixon
(320 mg)

17

OLS

516

-

1.2

-

1 x 0.4 mg MR, up to 4y
open-label extension of 15,
18, 19

20

OLS

949

-

4.7

-

Pooled data for 1 x 0.4-0.8
mg MR, open-label extension
of 21, 22 for up to 2y

23

2.6

1.3

1 x 1-10 mg dose titration, 1y

24

Doxazosin

Tamsulosin

Terazosin
RCT

305

a Drug doses refer to the immediate-release formulation of a drug and ‘comparator’ refers to placebo, unless
otherwise noted. MR = modified-release formulation; OLS = open-label study; pts = patients; RCT = randomized
controlled trial; SR = sustained-relase formulation; XL = extended-release formulation
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However, at least one RCT each has been reported for alfuzosin, doxazosin, tamsulosin
and terazosin in the BPH population (table 1). On the basis of these data, it appears that
adverse effects on sexual desire occur similarly rarely, i.e. in about 1% of patients, in
a-blocker- and placebo-treated patients. Results from OLS are largely in line with those
from the RCT.
The US package insert for alfuzosin XL makes no statements on libido.25 The US package
insert for doxazosin in the treatment of BPH reports decreased libido in 0.8% and 0.3%
of patients treated with doxazosin and placebo, respectively, but provides no such data
for its use in the treatment of hypertension.26 The US package insert for tamsulosin
reports decreased libido in 1.0%, 2.0% and 1.2% of patients treated with tamsulosin MR
0.4 mg, 0.8 mg and placebo, respectively.27 The US package insert for terazosin reports
decreased libido in 0.6% and 0.2% of hypertension patients treated with terazosin and
placebo, respectively, but provides no such data for its use in BPH.28 Thus, a-blockers as
a class do not appear to have major adverse effects on sexual desire. In the absence of
direct comparative studies, there is no evidence of differential effects of any member of
this group.

ERECTILE FUNCTION
The physiology of erectile function involves central and peripheral mechanisms. 29 The
human penis expresses all three subtypes of a1-adrenergic receptors, with a1A - and a1B adrenergic receptors being most and least abundant at the mRNA level, respectively.
30-32 Human penile a -adrenergic receptors have been demonstrated at the protein level
1
in radioligand binding studies, and appear to belong to the a1A - and a1B -subtype, whereas
a1D -adrenergic receptors have not been detected at the protein level.30, 33-35 Stimulation
of human penile a1-adrenergic receptors promotes smooth muscle contraction and
hence detumescence.33, 36 This is the pharmacological basis for the use of the a1-agonist
phenylephrine in the treatment of priapism. Therefore, it appears logical that an a-blocker,
acting locally in the penis, could have pro-erectile effects. Indeed, oral administration of
the mixed a1/a2-adrenergic antagonist phentolamine has some efficacy in patients with
erectile dysfunction as compared to placebo.37 Similarly, addition of doxazosin to an
intracavernosal administration of alprostadil38 or to an existing treatment with sildenafil
in previous non-responders to sildenafil monotherapy significantly improved erection.39
The pro-erectile effects of the antidepressant trazodone have also been linked to its
a1-adrenergic receptor antagonism.34 However, the a1A -selective antagonist RO 700004
has been tested clinically for the treatment of erectile dysfunction, but at a dose of
5 mg did not cause improvement relative to placebo40 Taken together, these data
demonstrate that a-blockers, most probably acting locally on receptors in the penis,
have a pro-erectile potential, but that their effects may not always be strong enough to
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be used in the treatment of erectile dysfunction. Animal studies suggest that a-blockers
may also cause pro-erectile effects as a result of central nervous mechanism.41, 42 On
the other hand, blood pressure lowering is a class effect of a-blockers (although it may
not occur to a clinically relevant extent with tamsulosin), and this can be associated
with adverse effects on erectile function.43 Therefore, the net effect of an a-blocker
on erectile function is likely to depend on the balance between pro-erectile effects in
the brain and penis and anti-erectile effects as a result of blood pressure lowering, and
perhaps other mechanisms. This balance needs to be assessed individually in clinical
studies for each a-blocker.
Most clinical studies with a-blockers have, if anything, reported adverse rather than
beneficial effects on erectile function (table 2). Such adverse effects were typically
classified as ‘impotence’ without further clarification as to whether this specifically
represents erectile dysfunction; therefore, the term ‘impotence’ is also used here.
Alfuzosin treatment was associated with a greater incidence of impotence than placebo
in three RCTs (two of these with the 10 mg XL formulation), with a smaller incidence
in one study and a roughly similar incidence in four studies. However, the incidence of
alfuzosin-associated impotence did not exceed 1.5% in most RCTs and was very low
(one out of 2767 patients) in an OLS.
The incidence of impotence during doxazosin treatment of BPH was greater than with
placebo in one RCT of 1 year duration but similar to that with placebo in 2 RCTs, one
being a 4-year study with >700 patients per treatment arm (table 2). A 4-year RCT with
doxazosin in the treatment of hypertension has reported numerically smaller incidences
for problems with obtaining and with maintaining an erection than with placebo, but
the differences failed to reach statistical significance. Within the same study other
antihypertensive medications had numerically higher incidences, in some cases reaching
statistical significance.60 In an RCT comparing the standard and GITS formulation of
doxazosin (not involving a placebo group), a statistically significant worsening of
erectile function relative to baseline was reported with the standard but not the GITS
formulation; absolute incidences were relatively high in both groups.61
The incidence of impotence with tamsulosin was larger than with placebo in one RCT
and similar to placebo in another RCT (table 2). A report based on the British prescription
event monitoring scheme described impotence as occurring in 2% of finasteride-treated
patients but only in three of 23,608 of tamsulosin-treated BPH patients.62 The incidence
of impotence with terazosin was greater than with placebo in a pooled analysis of six
RCTs and another long-term RCT in BPH patients (table 2). Terazosin-associated erectile
dysfunction was also reported in OLS in both BPH and hypertensive patients (table 2).
We have identified three direct comparative RCTs that report on impotence as an
adverse event with alfuzosin as compared to other a-blockers. One study reported that
impotence was similarly frequent with alfuzosin 2.5 mg thrice daily as with tamsulosin
MR 0.4 mg once daily.19 A later study with alfuzosin XL 10 and 15 mg also reported
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Table 2: Effects of a1-adrenoceptor antagonist on erectile function
Study
type

No. of pts

Decrease in erectile
function (% pts)

active
comparator
treatment

Descriptiona

ref

44

active
treatment

comparator

<1

2.3

3-4 x 2.5 mg, 6mo

Alfuzosin
RCT

251

267

RCT

149

154

0.0

0.7

3 x 2.5 mg, 12wk

11

RCT

292

297

0.3

0.0

2 x 5 mg SR, 1 and 3mo,
pooled data from two studies

45

RCT

143

154

0.0

0.7

1 x 10 mg XL, 12wk

11

RCT

176

175

2.8

1.1

1 x 10 mg XL, 12wk

46

RCT

177

175

1.1

1.1

1 x 15 mg XL, 12wk

46

RCT

154

153

1.3

0.0

1 x 10 mg XL, 12wk

47

RCT

158

153

1.3

0.0

1 x 15 mg XL, 12wk

47

RCT

124

131

2.4

3.1

3 x 2.5 mg, 12wk, comparator
was tamsulosin (0.4 mg MR)

19

RCT

358

344

2.2

6.7

2 x 5 mg SR, 6mo,
comparator was finasteride
(5 mg)

12

RCT

93

99

1.1

0.0

2-4 x 2.5 mg dose titration,
14wk, comparator was

48

doxazosin (1-8 mg dose
titration)
OLS

3095

-

< 0.1%

-

2 x 5 mg, 2mo, impotence in
one patient

49

OLS

3076

-

1.4

-

1 x 10 mg XL, 1y

50

50

50

1 x 1-8 mg dose-titration,
14wk

51

Doxazosin
RCT

0.0

RCT

42

-

-

1 x 4 mg, 12wk

52

RCT

40

-

-

1 x 8 mg, 12wk

52

RCT

275

269

3.3

1 x 1-8 mg dose titration, 1y

13

RCT

756

737

3.3

1 x 1-8 mg dose titration,
4.5y, the numbers shown
are the
rates per 100 person-years of
follow-up

14

RCT

99

93

1.1

1x1-8 mg dose titration,
14wk, comparator was
alfuzosin
(2-4 x 2.5 mg dose titration)

48

OLS

450

-

-

1 x 1-16 mg dose titration,
6mo extension of earlier
unspecified RCT

53
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Table 2: Continued
Study
type

No. of pts

Decrease in erectile
function (% pts)

active
comparator
treatment

active
treatment

Descriptiona

ref

comparator

Tamsulosin
RCT

381

193

1.6

1 x 0.4 mg MR, pooled
analysis of three 12wk
European
phase III studies including 15

16

RCT

158

153

0.0

1 x 0.4 mg MR, 12wk

47

RCT

131

124

2.4

1 x 0.4 mg MR, 12wk,
comparator was alfuzosin (3
x 2.5 mg)

19

RCT

196

204

3.4

1 x 0.4 mg MR, 1y,
comparator was finasteride
(5 mg)

54

OLS

1784

-

-

1 x 0.4 mg MR, 6mo

55

OLS

516

-

-

1 x 0.4 mg MR, up to 4y
open-label extension of
15,18,19

20

OLS

949

-

-

Pooled data for 1x0.4-0.8 mg
MR, open-label extension
of 21,22 for up to 2y

23

RCT

305

305

4.6

1 x 1-10 mg dose-titration, 1y

24

RCT

636

360

0.6

1 x 1-20 mg dose-titration,
2-6mo, pooled analysis of six
studies

56

Terazosin

OLS

45

-

-

1 x 1-5 mg dose-titration, 2y

57

OLS

494

-

-

1 x 1-20 mg dose-titration,
6mo

58

OLS

226

-

-

maximum dose 40 mg in 1-2
doses, 6mo in hypertensive
patients

59

a Drug doses refer to the immediate-release formulation of a drug and ‘comparator’ refers to placebo, and
data are from benign prostatic hyperplasia patients unless otherwise noted. GITS = gastrointestinal therapeutic
system formulation; MR = modified-release formulation; OLS = open-label study; pts = patients; RCT =
randomized controlled trial; SR = sustained-relase formulation; XL = extended-release formulation.

no statistically significant difference with tamsulosin MR, although the incidence with
the latter was numerically higher.47 On the other hand, another study reported that
impotence was numerically more frequent with alfuzosin 5-10 mg than with doxazosin
1-8 mg.48 Another randomized but open-label comparative study on BPH treatment did
not report the total incidence of impotence but stated that study discontinuation due
to impotence occurred in 0.2% of patients with tamsulosin MR and in 0.3% of patients
with terazosin.63
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The US package inserts list impotence as an adverse event to occur in >1% of patients and
more often than with placebo for alfuzosin25 and for terazosin28 in the treatment of BPH,
but not for doxazosin26 in the treatment of BPH or hypertension, not for tamsulosin27
in the treatment of BPH and not for terazosin in the treatment of hypertension. 28 While
these inserts reflect the results of the studies for registration in the respective indications
in the US, a balanced view of the data indicates that impotence is a rare event during
a-blocker treatment and that there is no conclusive evidence that it occurs more
frequently with one than with other members of the group. Moreover, the package
inserts for all four drugs describe priapism as a rare but possible side effect.25-28 Given
this complex situation the prescribing physician can only be advised that both erectile
dysfunction and, more rarely, priapism can occur during treatment with any a-blocker,
and that the situation must be monitored specifically in any given patient.

ABNORMAL EJACULATION
It has long been assumed that a-blockers exert their beneficial effects in BPH patients
by a relaxation of smooth muscle in the prostate, urethra and bladder neck.64 Such
relaxation implies a reduced resistance of the prostatic urethra and bladder neck for the
ejaculate coming from the vas deferens. In analogy to the well established retrograde
ejaculation after transurethral resection of the prostate,65 it has therefore been assumed
that abnormal ejaculation with a-blockers represents retrograde ejaculation. However,
this hypothesis has only been tested very recently. A study with 17 Korean urologists
as volunteers found that a 3-day treatment with tamsulosin MR 0.2 and 0.4 mg once
daily reduced the mean ejaculatory volume by 45% and 49%, respectively; however,
no sperm was detectable in midstream urine obtained after ejaculation.66 In another
study, 57 young healthy volunteers (mean 25 years, primarily African Americans) were
treated for 5 days with either placebo, tamsulosin MR 0.8 mg once daily or alfuzosin XL
10 mg once daily in a randomized, double-blind, cross-over manner.67 Mean ejaculate
volume decreased significantly relative to baseline with tamsulosin (-2.4 ml) but not with
placebo (+0.4 ml) or alfuzosin (+0.3 ml); 35% of tamsulosin, but 0% of placebo- or
alfuzosin-treated subjects reported total anejaculation. Nevertheless, sperm was rarely
detected in post-ejaculate urine. Taken together, these two studies demonstrate that
a-blocker-associated abnormal ejaculation may represent (relative) anejaculation rather
than retrograde ejaculation.
While a definitive assessment of this awaits publication of these studies as full reports in
the peer-reviewed literature, such data suggest that the underlying mechanism involves
effects on the seminal vesicles and/or vas deferens rather than on the bladder neck.
These could occur locally, i.e. by direct drug effects on those tissues, or indirectly, e.g.
by effects on their central nervous regulation. Support for the latter possibility comes
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from a study in rats, which demonstrated that 8-hydroxy-2-(di-N-propylamino)tetralin
injections into the cerebral ventricles induce contractions of the bulbospongiosus
muscle, which were inhibited by intravenous administration of tamsulosin but not of
comparative doses of alfuzosin.68 While these data demonstrate central stimulation
of bulbospongiosus muscle, they do not allow conclusions regarding the site of action
of tamsulosin. Support for a peripheral effect comes from the clinical finding that
a-blocker-associated abnormal ejaculation also exists in spinal cord injury patients69
Irrespective of the anatomical location of the receptors mediating abnormal ejaculation,
its pharmacological identity remains to be determined. Hisasue et al.66 have proposed
an a1-adrenergic mechanism based on their finding that human seminal vesicles express
a1-adrenergic receptors at the mRNA level, with a1A -, a1B - and a1D -subtypes being present
in a 75:12:13% ratio. On the other hand, tamsulosin is associated with the highest
likelihood of abnormal ejaculation (see below) but, as a result of its subtype-selectivity, if
anything, occupies fewer a1-adrenergic receptors. Therefore, we propose that a receptor
distinct from a1-adrenergic receptors mediates abnormal ejaculation. On the basis of the
receptor affinity profile of tamsulosin70, we consider a subtype of serotonin or dopamine
receptors to be the most likely candidate, but this needs to be tested experimentally.
RCTs with alfuzosin have reported a numerically greater incidence of abnormal
ejaculation in two studies (both performed with the 10 mg XL dose) compared with
placebo, whereas no abnormal ejaculation was seen with alfuzosin or placebo in two
other studies (table 3). Abnormal ejaculation data with doxazosin have only been
reported from one RCT (a 4-year study with about 750 patients per treatment arm),
where the incidence was similarly low in doxazosin- and placebo-treated patients (table
3). The data for terazosin are less clear since one RCT reports more abnormal ejaculation
than with placebo, whereas another reports less (table 3).
In contrast, a greater incidence of abnormal ejaculation than with placebo was seen in
most studies with tamsulosin, both in BPH and in spinal cord injury patients (table 3).
While the incidence with placebo never exceeded 1%, reported tamsulosin values range
between 0.0% and 26%. In this regard, reported incidences were generally higher in
the longer studies and in US than in European studies (5.9-10.9% vs. 4.5% in US vs
European registration studies with tamsulosin MR 0.4 mg once daily). Moreover, the
incidence of abnormal ejaculation appeared dose-dependent in both European73 and US
studies21, 22, with the highest incidences being reported with tamsulosin MR 0.8 mg once
daily. The OCAS formulation of tamsulosin, which has recently been introduced in some
countries, appeared to be associated with slightly less abnormal ejaculation than the
MR formulation in one RCT.75 OLS (except those that were open-label extensions of the
controlled studies) reported lower incidences of abnormal ejaculation (table 3). While a
Spanish OLS with 2740 patients reported study withdrawal due to abnormal ejaculation in
0.5% of tamsulosin MR-treated patients77, an analysis of the manufacturer-independent
prescription event monitoring database in the UK reported ejaculatory failure in 2% of
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Table 3: Effects of a1-adrenoceptor antagonist on ejaculation
Study
type

No. of pts

Abnormal ejaculation
(% pts)

active
comparator
treatment

active
treatment

comparator

Descriptiona

ref

11

Alfuzosin
RCT

149

154

0.0

0.0

3 x 2.5 mg, 12wk

RCT

143

154

0.0

0.0

1 x 10 mg XL, 12wk

11

RCT

176

175

0.6

0.0

1 x 10 mg XL, 12wk

46
46

RCT

177

175

0.6

0.0

1 x 15 mg XL, 12wk

RCT

154

153

1.3

0.0

1 x 10 mg XL, 12wk

47

RCT

158

153

0.0

0.0

1 x 15 mg XL 12wk

47

RCT

124

131

0.0

0.8

3 x 2.5 mg, 12wk, comparator
was tamsulosin
(1 x 0.4 mg MR)

19

RCT

358

344

0.0

1.5

2 x 5 mg SR, 6mo, comparator
was finasteride
(5 mg), reported as ejaculation
failure

12

OLS

3095

-

0.0

-

2 x 5 mg SR, 2mo

49

OLS

311

-

0.6

-

1 x 10 mg XL, 9mo extension
of 11

71

OLS

3076

-

0.2

-

1 x 10 mg XL, 1y

50

RCT

275

269

0.4

1.5

1 x 1-8 mg dose titration, 1y

13

RCT

756

737

1.1

0.8

1 x 1-8 mg dose titration,
4.5y. The numbers

14

Doxazosin

shown are the rates per 100
person years of
follow-up
RCT

48

50

0.0

2.0

1 x 4-8 mg GITS dose
titration, 8wk, comparator
was tamsulosin (1 x 0.4-0.8
mg MR dose titration)

72

Tamsulosin
RCT

35

28

0.0

0.0

1 x 0.2 mg MR, 4wk

73

RCT

30

28

0.0

0.0

1 x 0.4 mg MR, 4wk

73

RCT

33

28

3.0

0.0

1 x 0.6 mg MR, 4wk

73

RCT

381

193

4.5

1.0

1 x 0.4 mg MR, pooled
analysis of 12 week European
phase III studies including 15

16

RCT

254

254

5.9

0.0

1 x 0.4 mg MR, 13wk

21

RCT

248

254

17.7

0.0

1 x 0.8 mg MR dose titration,
13wk

21

RCT

248

239

10.9

0.4

1 x 0.4 mg MR, 13wk

22

RCT

244

239

18.4

0.4

1 x 0.8 mg MR dose titration,
13wk

22

RCT

158

153

3.2

0.0

1 x 0.4 mg MR, 12wk

47

RCT

86

90

3.5

0.0

1 x 0.4 mg MR, 4wk, study in
spinal cord injury

69
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Table 3: Continued
Study
type

RCT

No. of pts

Abnormal ejaculation
(% pts)

active
comparator
treatment
81
90

Descriptiona

ref

active
treatment
2.5

comparator
0.0

1 x 0.8 mg MR dose titration,
4wk, study in spinal cord
injury

69

RCT

139

128

10

0.0

1 x 0.4 mg MR, 1y doubleblind extension of 21

74

RCT

139

128

26

0.0

1 x 0.8 mg MR, 1y doubleblind extension of 21

74

RCT

709

356

3.1

0.3

1 x 0.4 mg MR, 12wk

75

RCT

360

356

1.9

0.3

1 x 0.4 mg OCAS, 12wk

75

RCT

722

356

5.2

0.3

1 x 0.8 mg OCAS, 12wk

75

RCT

131

124

0.8

0.0

1 x 0.4 mg MR, 12wk,
comparator was alfuzosin
(3 x 2.5 mg)

19

RCT

50

48

2.0

0.0

1 x 0.4-0.8 mg MR dose
titration, 8wk, comparator
was doxazosin (1x4-8 mg
GITS dose-titration)

72

RCT

1002

981

3.7

0.3

1 x 0.4 mg MR, 57 days,
comparator was terazosin
(1 x 1-5 mg dose titration)

63

RCT

354

350

4.2

0.6

1 x 0.4 mg MR, 1y,
comparator was Permixon
(320 mg)

17

RCT

196

204

3.1

1.0

1 x 0.4 mg MR, 1y,
comparator was finasteride
(5 mg)

54

OLS

1784

-

1.6

-

1 x 0.4 mg MR, 6mo

55

OLS

516

-

4.9

-

1 x 0.4 mg MR, up to 4y
open-label extension
of 15, 18, 19

20

OLS

949

-

30.5

-

Pooled data for 1 x 0.4-0.8
mg MR, open-label
extension of 21, 22 for up
to 2 y

23

OLS

178

-

4.5

-

1 x 0.4-08 mg MR, 1y openlabel extension of
RCT reported in same article

69

24

Terazosin
RCT

305

1 x 1-10 mg dose titration, 1y

RCT

1053

1 x 1-10 mg dose titration, 1y

76

RCT

981

1 x 1-5 mg dose titration, 57
days, comparator was
tamsulosin (1 x 0.4 mg MR)

63

a Drug doses refer to the immediate-release formulation of a drug and ‘comparator’ refers to placebo, and
data are from benign prostatic hyperplasia patients unless otherwise noted.
GITS = gastrointestinal therapeutic system formulation; MR = modified-release formulation; OCAS = oral
controlled absorption system formulation; OLS = open-label study; pts = patients; RCT = randomized controlled
trial; SR = sustained-relase formulation; XL = extended-release formulation.
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finasteride-treated patients but only in four of 23608 of tamsulosin-treated patients.62
To better understand tamsulosin-associated abnormal ejaculation, secondary analyses
have been performed in some of the studies. A pooled analysis of the European phase
III studies found abnormal ejaculation to be more frequent in patients <65 years (6.3%)
than in those >65 years (2.6%), whereas the incidence in the placebo group was similar
in both age groups (1.0-1.1%).78 In support of this age effect, it should be noted that the
highest incidence of abnormal ejaculation ever reported was in a clinical pharmacology
study with young (aged 25 years) volunteers.67 A combined analysis of the database of
12 European and US clinical studies found that BPH symptom improvement was slightly
better in patients experiencing abnormal ejaculation than in those without. While some
patients discontinued studies as a result of abnormal ejaculation, the overall long-term
adherence to treatment rate was higher in those with abnormal ejaculation than in those
without (e.g. 1 year: 71.9% vs. 51.5%, 5 years: 39.8% vs. 12.7%).79
We are aware of 4 RCTs that have directly compared abnormal ejaculation among
a-blockers. Two studies, comparing tamsulosin MR 0.4 mg once daily to either alfuzosin
2.5 mg thrice daily19 or alfuzosin XL 10 mg once daily47, reported numerically higher
incidences of abnormal ejaculation with tamsulosin, but the difference failed to reach
statistical significance in either study with 124-158 patients per group. A randomized
but open-label comparison of tamsulosin MR with terazosin with about 1000 patients
per study arm reported a significantly greater incidence of ejaculation failure with
tamsulosin.63 Finally, one double-blind RCT compared tamsulosin 0.2 mg once daily (the
standard dose in Japan) with silodosin 4 mg (formerly known as KMD-3123, a drug with
even greater selectivity for a1A -adrenergic receptors than tamsulosin) and placebo, and
reported considerably more abnormal ejaculation with silodosin than with tamsulosin
(22.3% vs. 1.6%).80
The US package inserts list abnormal ejaculation as an adverse event of tamsulosin27 but
not of any other a-blocker25, 26, 28 used in the treatment of BPH or hypertension. Taken
together, abnormal ejaculation was reported more frequently in studies with tamsulosin
than in those with other a-blockers. However, the magnitude of the differences was too
small to reach statistical significance in directly comparative studies with other a-blockers
unless very large groups were investigated. Moreover, abnormal ejaculation was not
frequently observed in OLS with tamsulosin, and did not lead to overall greater study
withdrawal. Since abnormal ejaculation is present in >50% of men aged ≥60 years9, the
clinical relevance of a small further increase remains to be determined.

OTHER SEXUAL SIDE EFFECTS
While sexual desire, erectile function and ejaculatory function have been studied
relatively frequently in the context of a-blocker use, there are many other ways to look
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at sexual function. Moreover, some studies have asked patients for global satisfaction
scores relating to their sexuality, a question that integrates the various domains. In this
section, we will discuss information related to these other domains for the individual
drugs.
Several OLS have been performed with various formulation of alfuzosin. One study with
7093 patients receiving alfuzosin 2.5 mg thrice daily for 1 year used a questionnaire
including questions related to “sexual arousal”, “erection” and “satisfaction with sex
life”. The authors did not report specific results but stated that “the three questions on
sexuality did not improve much” relative to baseline.81 Another OLS with 5849 patients
receiving alfuzosin 2.5 mg thrice daily for 1 year calculated a total sexual score (ranging
from 0 to 30 points) based on the same questions and reported this to have improved
by 0.9-7.4 points in various subgroups of patients stratified for age and baseline score.
The greatest improvements were seen in younger patients (aged <65 years) and those
with a severe baseline score and the smallest improvement in old patients (aged >74
years) and those with a mild baseline score.82 A regression to the mean phenomenon is
likely to have contributed to the greater improvements in subjects with worse baseline
symptoms. In a 3-year follow-up of the same cohort (retaining 55% of the original
patients) it was reported that “patients’ perceived sexual life score improvement was
strongly inversely correlated with age and with initial symptom severity”, but few specific
data were given.83 Another OLS from the same investigators reported 1-year results on
2829 patients receiving originally alfuzosin 2.5 mg thrice daily which could be switched
to alfuzosin SR 5 mg twice daily after 6 months.84 In this study the above-mentioned
30-point sexual score improved from a basal value of 8.8 to a final value of 13.0 after 1
year. Finally, an OLS involving 3076 men treated with the alfuzosin 10 mg XL formulation
for 1 year was reported; 2434 of those men were sexually active and willing to answer
the Danish Prostate Symptom Score sexual function questionnaire (DAN-PSSsex).50 At
the endpoint, the mean weighted score had improved for stiffness of erection, amount
of ejaculate and painful ejaculation relative to baseline.
One placebo-controlled study on doxazosin (dose titration up to 4 mg) did not report
specific data but stated that “no clinically significant changes in sexual function were
reported” in 67 patients.85 In an RCT comparing the immediate-release with the GITS
formulation of doxazosin (but not involving a placebo arm), drug effects on sexual
function were studied in detail using the International Index of Erectile Function.61
Compared with baseline values, the GITS formulation had statistically significant
improvements of intercourse satisfaction and sexual satisfaction, whereas the immediaterelease formulation had statistically significant worsening of erectile function; neither
drug had significant effects on orgasmic function or sexual desire. The US package
insert lists “sexual dysfunction” (not further specified) as an adverse event in 2% of
doxazosin- versus 1% of placebo-treated hypertensive patients.26
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A pooled analysis of several European studies with tamsulosin showed a significant
improvement of a total sexual function score relative to placebo.16 This score was also
improved by tamsulosin MR in a comparator study16 and in a large 6-months OLS,55
neither of which involved a placebo arm. As part of another RCT, 25 patients received
tamsulosin MR for 3 months and their sexual function was assessed by the Urolife
questionnaire, which was not altered relative to baseline.86 A 1-year RCT comparing
tamsulosin with finasteride used a non-specified six-item sexual function score. While
odds ratios were numerically in favour of tamsulosin for five questions and the total
score, none of the differences relative to finasteride reached statistical significance.54
Finally, an open-label pilot study has investigated the effects of tamsulosin MR in 98 men
with orgasm-associated pain. Relative to baseline, a statistically significant improvement
was reported for pain on a visual analog scale.87
Few studies have directly compared multiple a-blockers with regard to other sexual side
effects. A secondary analysis of a comparative study between alfuzosin 2.5 mg thrice
daily and tamsulosin MR 0.4 mg once daily reported a numerical worsening in a total
sexual function score with alfuzosin and a numerical improvement with tamsulosin, but
the difference between the two treatments was not statistically significant.16 Another
study compared alfuzosin XL 10 mg and 15 mg with tamsulosin MR 0.4 mg and placebo.
“Abnormal semen” was reported in one of 158 patients with tamsulosin but in none of
the other three groups.47 Finally, a study comparing alfuzosin with doxazosin reported
“other sexual male dysfunction” in one out of 99 patients on doxazosin and in none of
the 93 patients receiving alfuzosin.48

CONCLUSIONS
Numerous studies have reported on possible adverse effects of a-blocker treatment on
sexual function. Adverse a-blocker effects on sexual desire, erectile function, ejaculatory
function and global sexual function occur in few patients only, and in some cases even
improved functions have been reported. In this regard, it should be considered that the
overwhelming majority of findings come from BPH patients, that is a condition with
major effects on quality of life. When a-blockers improve BPH symptoms, associated
improvements of sexual function may reflect a generally improved perception of
wellbeing. Therefore, caution needs to be applied when extrapolating findings from
BPH to hypertensive patients, who have not been studied extensively in this regard.
There appears to be little difference between a-blockers with regard to effects on
sexual function. A notable exception is the effect of tamsulosin on ejaculatory function,
now proposed to be (relative) anejaculation rather than retrograde ejaculation. While
adverse effects of tamsulosin on ejaculatory function have been well documented,
the magnitude of differences with other a-blockers is insufficient to be detectable as
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statistically significant unless very large patient numbers are compared, and the incidence
of abnormal ejaculations in OLS is low. Therefore, the possibility of abnormal ejaculation
with tamsulosin must be weighed against the unparalleled cardiovascular safety record
of this agent88, when choosing the most appropriate a-blocker for an individual patient.
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11.1 PROSTATIC STENTS
One of the aims of this thesis was to obtain more insight into the validity of prostatic
stents in the treatment of lower urinary tract symptoms suggestive of benign prostatic
hyperplasia (LUTS/BPH). In this thesis, the efficacy and safety of three new prostatic
stents were studied: the hourglass-shaped Horizon prostatic stent, the bell-shaped
Horizon prostatic stent and the blind-placement stent. All three stents were easy to
insert, and the removal of the stents could, in most cases, be performed in an outpatient
setting under local anaesthesia. Our analysis showed that the stents caused relief of
LUTS, illustrated by the improvement of both objective and subjective parameters. The
improvement in the evaluated parameters, however, did not sustain. In addition, in all
three studies, a high migration rate was encountered. Especially because of the high
migration rate, but also because of the limited durability, we concluded that none of
these three stents was suitable for clinical practice.
Comparable to the stents we investigated in this thesis, most prostatic stents described
in the literature do initially result in an alleviation of LUTS.1-11 However, due to the high
complication rates, the use of prostatic stents has never gained wide acceptance among
urologists. Why are prostatic stents not successful? Some theories about the failure
of prostatic stents have been proposed in the literature. All stents that have become
available since the first prostatic stent described by Fabian, have been produced in a
cylindrical shape. However, the configuration of the prostatic urethra does not always
conform to this cylindrical shape. The prostatic urethra may also have a triangularly or
vertically shaped lumen.12 This mismatch in cross-sectional shape between the urethra
and the stent results in incomplete contact of the stents with the prostatic epithelium,
which may lead to incorrect positioning and migration of the stent.13 In addition, the
prostatic urethra is frequently and variably curved, concave anteriorly, between the distal
sphincter and the bladder neck, while all prostatic stents are straight. Furthermore, the
prostatic urethra is exposed to many movements, for example when patients are cycling
or walking, that further increase the risk of displacement of stents.
To overcome the abovementioned problems, a new prostatic stent was designed by
Yachia recently. This both self- and thermo-expandable stent is made of nitinol, and is
completely covered by a biocompatible polymer. It has a highly flexible main body, a
bulbar-anchoring section and a trans-sphincteric segment to connect both parts. The
main body is available in two different cross-sectional shapes, a triangular and a round
shape, that can be used depending on the shape of the prostatic urethra. This stent
was introduced in 2004, but to our knowledge, only one article on this stent has been
published14, so the safety and efficacy still need to be established.
What is the current position of prostatic stents within the treatment of LUTS/BPH
patients? Recent clinical guidelines advocate their use in high-risk patients, as an
alternative to transurethral catheterisation, only.15, 16 None of these guidelines, however,
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specifically advocate the use of one particular stent. The latest version of Campbell-Walsh
Urology17 does put forward one specific stent: the Spanner, a temporary stent with a
design similar to the proximal end of a foley catheter. Indeed, in a paper about a study
in which the Spanner was inserted in 30 patients with LUTS or an indwelling catheter
after an acute urinary retention, some promising result were published.5 But this paper
lacks sufficient patient information and the reasons for stent-removal were not given.
Moreover, in another study on the Spanner, a successful outcome was accomplished in
37% of patients only, and many complications were reported.18
It seems that until now, the search for the perfect prostatic stent design has not been
successful. As a result, prostatic stents have received only very little attention in the
recent literature. Do prostatic stents still deserve any attention at all? Or should we
‘forget’ about this minimally invasive technique for once and for all? In our opinion,
the concept of stenting the prostatic urethra to overcome bladder outlet obstruction,
still is a viable one. In patients with high co-morbidities, or in patients awaiting prostate
surgery, a prostatic stent could be a welcome alternative to a transurethral or suprapubic catheter. We feel that if any investment is to be made into the development of
prostatic stents, however, it should firstly be made in basic scientific research to the
anatomy in relation to the dynamics of the prostatic urethra.

11.2 LUTS AND QUALITY OF LIFE
Male LUTS are often associated with a reduced disease-specific quality of life (QoL).
Almost all previous studies on associations between voiding dysfunction and QoL
have been limited to data prior to treatment. Those studies generally show that
storage symptoms may contribute to the reduced QoL to a greater extent than voiding
symptoms. In addition, several studies have reported an association of nocturia with a
reduced QoL independent of the other LUTS. However, the relatedness of the various
symptoms and QoL prior to treatment does not necessarily imply that improvement
of LUTS also causes improvement in QoL. Stronger scientific arguments for a causeeffect relation could in our opinion come up by analysing the association of treatment
related changes in the symptoms on the one, and QoL on the other hand. Chapter 7 of
this thesis does indeed show that improvements in the International Prostate Symptom
Score (IPSS) correlate with improvements in QoL, with the storage symptoms exhibiting
slightly tighter correlations.
In chapter 8, we showed that treatment related improvements of nocturia are one of
the most important contributors to improvements of the QoL question of the IPSS. In
addition, we showed that the relation between nocturia and QoL shown at baseline,
was maintained after treatment. These results emphasise the importance of alleviation
of this bothersome symptom for patients. Since nocturia can be caused by various
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urological conditions and non-urological diseases, as well as lifestyle factors, nocturia
is unlikely to be responsive to the same treatment strategy in all patients.19 When
treatment is indeed indicated, doctors should start by giving lifestyle advises. Naturally,
non-urological causes of nocturia, such as heart failure or diabetes, should be treated
with priority. For the urological causes of nocturia, future studies comparing effects of
the different treatment options on nocturia are required.

11.3 LUTS AND SEXUAL FUNCTION
As has been shown in chapter 9 of this thesis, several epidemiological studies have
clearly demonstrated an age-independent association between LUTS/BPH and sexual
dysfunction. However, a causal relation between these conditions cannot be established
based on these data alone.20 Over the past years, increasing knowledge about the
possible underlying pathophysiological mechanisms of this link has come to light.
Therefore, we will shortly discuss four of the theories that have been postulated in the
literature here.20-22 1. It has been proposed that LUTS/BPH is a part of the metabolic
syndrome, which includes glucose intolerance, insulin resistance, obesity, dyslipidaemia
and hypertension, all well-known risk factors for erectile dysfunction (ED).20, 22, 23 The
metabolic syndrome can be a trigger for an increase of autonomic nervous system
activity, which is associated with both LUTS/BPH and ED.20, 22 2. The nitric oxide
synthase (NOS)/NO theory attempts to explain the link between ED and LUTS by the
reduced production of NOS/NO in the pelvis, that is a result of a reduced function of the
endothelium and nerves.24 NO is considered to be responsible for the relaxation of the
corpus cavernosum, and thus erection.20, 21 NO is also present in the human prostate and
bladder, where it modulates smooth muscle tone. The NOS/NO level was shown to be
decreased in the prostate of men with BPH compared to that in normal prostate tissue,
which may suggest a possible role for NO in the pathophysiology of LUTS/BPH.20, 21 3.
An imbalance of smooth muscle contraction and relaxation mediated by α1-adrenergic
receptors may play an important role in both LUTS and sexual dysfunction. It has been
suggested that α1-adrenergic receptors are upregulated in patients with LUTS/BPH.
Penile detumescence and erection are dependent on the balance between contraction
and relaxation of the corpus cavernosum smooth muscle.25, 26 4. Adrenergic-mediated
contraction of smooth muscle may also be mediated by Rho and Rho-associated kinase.
An increased Rho-kinase activity may lead to a decreased smooth muscle relaxation
with consecutive increased bladder outlet resistance and impaired erection.22, 27From
the above, we can conclude that the underlying mechanisms of the association
between LUTS and sexual dysfunction are not yet completely clear. But if LUTS and
sexual dysfunction actually do have a shared cause, it is of course interesting to know
whether an established treatment for the one condition also causes relief of the other
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condition. In view of this, a few recent studies investigated the effect of treatment
of erectile dysfunction with phosphodiesterase-5 (PDE5) inhibitors on LUTS/BPH. PDE5
inhibitors are effectively used in the treatment of erectile dysfunction. The rationale
for the use of PDE-5 inhibitors in patients with erectile dysfunction is based upon the
role of the above-mentioned NO-induced vasodilatation in initiating and maintaining
an erection. This vasodilatation is mediated by cyclic GMP. Detumescence is associated
with catabolism of cyclic GMP by type 5 phosphodiesterase. PDE-5 inhibitors act by
blocking the latter enzyme and as a result increase both the number and duration of
erections in men with erectile dysfunction. Four recent placebo-controlled trials with
tadalafil and sildenafil in patients with LUTS and concomitant erectile dysfunction all
showed significant improvements in urinary symptom scores.28-32 However, in none of
these trials, significant improvements in maximum urinary flow rates were achieved.28-32
As an explanation for this, it was suggested that detrusor activity is the main target for
the palliative effect of PDE5 inhibitors on LUTS, with bladder outlet obstruction-related
phenomena being less important.28
In this thesis, we specifically looked into the effect of prostatic stents on sexual function.
The bell-shaped stent appeared not to have a significant positive, nor a negative effect
on overall sexual function. However, ejaculatory function significantly worsened after
stent insertion. Importantly, erectile function was not affected by the insertion of
this stent. Additionally, we also addressed the effect of α1-adrenoceptor antagonists
(a-blockers) on sexual function. We found that adverse events related to sexual function
do not occur frequently with the use of a-blockers, with little differences between the
different a-blockers. Only ejaculatory dysfunction, which has been shown to represent
relative anejaculation, rather than retrograde ejaculation, occurs more frequently
with tamsulosin than with alfuzosin, doxazosin and terazosin. While with all four
a-blockers impotence can occur, priapism is also described as a rare but possible sideeffect. Recently, some new in vitro studies were published that have shown that the
combination of alfuzosin and tadalafil and doxazosin and sildenafil is more efficient than
each compound alone to relax adrenergic tone or to enhance nitrergic relaxation of the
human corpus cavernosum.33, 34 A pilot study with alfuzosin and sildenafil in patients
with both LUTS/BPH and sexual dysfunction showed a numerically greater improvement
in sexual function with the combination of both drugs than in monotherapy with either
drug.35 However, this pilot study did not include a placebo arm, and the results need to
be confirmed in larger scale placebo-controlled trials.
Over the past years, the prescribing of α-blockers has steadily increased, and α-blockers
are currently the preferred first line medical treatment for patients with LUTS.15 From
chapter 6 of this thesis on the two different formulations of tamsulosin, we learned that
the adverse events of a certain drug are not only attributable to the type of drug, but
are also dependent on the pharmacological formulation.

154

proefschrift van Dijk.indb 154

8-12-2009 16:45:22

General discussion

Further research about the relation between LUTS and sexual dysfunction, including
its implications for the treatment of both conditions, is warranted. But we can already
draw important conclusions from recent studies. We have learned that it is advisable
to evaluate patients presenting with LUTS for sexual dysfunction and those patients
presenting with sexual dysfunction should be evaluated for LUTS.20-22 Possible adverse
effects of the different treatment options for LUTS/BPH should be discussed with the
patient before and during treatment. Herein it is important to take the co-morbidity of
the patient into consideration. This way, the best possible treatment can be chosen for
the individual patient.
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Summary
Prostatic stents have been under investigation since 1980. Because of numerous
complications, prostatic stents have never been implemented in the standard treatment
for patients with lower urinary tract symptoms suggestive of benign prostatic hyperplasia
(LUTS/BPH). In search for the perfect prostatic stent design, three new stents were
developed and studied in LUTS/BPH patients without significant co-morbidities.
Chapter 2 provides the data of a study to the efficacy and safety of the thermoexpandable hourglass-shaped Horizon prostatic stent in the treatment of patients
with LUTS/BPH. In this prospective study, this stent was inserted in 35 patients in an
outpatient setting under local anaesthesia. Five different lengths of the stent (2.0 - 4.0
cm) were used, depending on the length of the prostatic urethra. Assessment of voiding
function and symptom scores was performed at baseline, directly after stent insertion,
at 14 days and 1, 3, 6 and 12 months after placement of the stent.
Insertion of the stent failed in five patients, mainly due to anatomical limitations. Following
all placement procedures, minimal temporary haematuria was observed. Spontaneous
voiding was achieved in all patients, with immediate significant improvements in voiding
parameters and symptom scores. The median indwelling time of the stent was 70 days.
Kaplan-Meier Survival analysis showed that at 14 days and at 3, 6 and 12 months the
stent was still in situ in 73%, 40%, 33% and 23% of the patients. The main reason for
removal of the stent was migration (93%), in most cases towards the bladder. Removal
was uneventful in all but one case. The placement of the hourglass-shaped Horizon
prostatic stent resulted in relief of outflow obstruction and improvement of symptom
scores. Due to the high migration rate, however, this stent design was not suitable for
clinical practice.
The cause of the high migration rate of the hourglass-shaped Horizon prostatic stent was
sought in the design of this stent. It had an increasing diameter towards both ends of
the stent and the proximal wide end might have caused it to be pulled into the bladder,
in stead of anchoring it in the prostatic fossa. Therefore, the successor of the hourglassshaped stent was designed with an increasing diameter towards the distal end only
(bell-shaped), with the purpose of fixing it at the apex of the prostatic fossa. The results
of a prospective study to assess the safety, efficacy and durability of the bell-shaped
Horizon prostatic stent in 108 patients with LUTS/BPH are presented in chapter 3. Again,
the stents were inserted in an outpatient setting under local anaesthesia. Six different
stent lengths (3.5 - 6.0 cm) were used, depending on the length of the prostatic urethra.
Assessments included voiding function and symptom scores at baseline and follow-up
visits. Stents were successfully inserted in 97% of the patients. Spontaneous voiding
was achieved in all patients, with improvement of voiding parameters and symptom
scores. Significant improvements, however, were only maintained for a period of one to
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three months. The main complications were haematuria (19%), urge incontinence (22%)
and migration (15%). The median indwelling time was 108 days. The main reason for
removal of stents was worsening of symptoms. Upon removal, many stents appeared to
have tilted within the prostatic urethra, which might be the reason for the worsening of
symptoms after the initial improvement.
From this study, it was concluded that the insertion of the bell-shaped Horizon prostatic
stent only resulted in a temporary improvement of voiding parameters and symptoms
scores. Therefore, this stent was also not suitable for clinical practical implementation.
The effect on sexual function of the bell-shaped Horizon prostatic stent was explored in
chapter 4. To assess sexual function, the 15 item International Index of Erectile Function
(IIEF) questionnaire was used. A comparison was made between the total score of the
IIEF and the different domains (erectile function (EF), orgasmic function (OF), sexual
desire (SD), intercourse satisfaction (IS), and overall satisfaction (OS)) at baseline and
one month and three months after placement of the stents. In addition, patients were
given the general assessment question “have you experienced any retrograde or painful
ejaculations?”.
At baseline, only one patient complained of painful ejaculations (1%). After one month,
four (4%) patients complained of painful, and two (2%) of retrograde ejaculations. A
statistically significant worsening in the mean OF and IS scores was found. There was no
change in the total IIEF score or the other subscores of the IIEF. After three months, the
IS score significantly improved and the decrease in the OF was smaller than after one
month. However, the amount of patients reporting painful and retrograde ejaculation
was again higher than at baseline (three (4%) and (five (7%) respectively). The total IIEF
score and the other domains of the IIEF did not significantly change.
In conclusion, the bell-shaped Horizon prostatic stent had a negative influence on OF,
which did not wear out after time. The first month after stent placement, IS was lower
than at baseline. After three months, however, IS significantly improved compared to
baseline. The stent did not negatively affect the total IIEF score or the other domains of
the IIEF.
Chapter 5 comprises the results of a study to the efficacy and safety of two versions of
the blind placement stent (BPS) in the temporary management of symptomatic patients
with benign prostatic hyperplasia. The first version of this stent (BPS-1) contains one
segment of a 22F, silicone stent with a stainless steel coiled wire reinforcement, a coude
tip and an extruded malecot section. The second version of the stent (BPS-2) comprises
two segments. It contains all the elements of BPS-1, as well as an additional 2 cm bulbar
segment to prevent migration. In this study, BPS-1 and BPS-2 were blindly inserted in an
outpatient setting under local anaesthesia. Assessment of voiding function, symptom
scores and complications was performed at baseline, directly after stent insertion, at 14
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days and 28 days after stent placement. 55 Men were enrolled in the trial. The majority
of both types of stents were successfully placed. Spontaneous voiding was achieved in
all patients immediately after stent insertion, with improvements in voiding parameters
and symptom scores. In patients with the BPS-1, migration occurred in 85% and in
patients with the BPS-2, migration occurred in 5%. The median indwelling time of the
stent was 12 and 37 days for BPS-1 and BPS-2, respectively. Removal was successful in
all but one case (BPS-2).
The blind placement stent created relief of obstruction and improvement of symptoms.
The BPS-1 was not suitable for clinical practice because of the significant high migration
rate. The bulbar segment of the BPS-2 appeared to prevent stent migration. However,
patients experienced pain and intolerance after having been inserted the BPS-2. Further
adjustment in the design of the BPS would have to be made to solve these problems.
Tamsulosin is the most commonly prescribed α1-adrenoceptor antagonist (α-blocker). For
many years, tamsulosin has been available in a modified release (MR) capsule formulation
only, but recently, an oral controlled absorption system (OCAS) tablet formulation has
been introduced. Chapter 6 critically discusses the available literature on tamsulosin
OCAS to determine its role in the treatment of patients with LUTS/BPH. Tamsulosin has
been shown to be an effective treatment for patients with LUTS/BPH for many years.
The overall tolerability of tamsulosin 0.4 mg MR was comparable to placebo and is not
affected by cardiovascular comorbidity or concomitant medication. The tamsulosin 0.4
mg OCAS tablet has a smoothened pharmacokinetic profile compared to the 0.4 mg MR
capsule. While the efficacy of tamsulosin OCAS and tamsulosin MR were comparable,
the OCAS formulation appears to have minor advantages regarding tolerability, which
may only become clinically relevant if the MR capsule is taken on an empty stomach.
Male LUTS are often associated with a reduced disease-specific quality of life (QoL).
Many studies imply that storage symptoms may contribute to this reduced QoL to a
greater extent than voiding symptoms. Almost all previous studies on associations
between voiding dysfunction and QoL have been limited to data prior to treatment.
Because a cause-effect relation is difficult to evaluate based upon statistical associations
prior to treatment alone, we have explored associations between maximum urinary flow
(Qmax) and voiding and storage sub-scores of the International Prostate Symptom Score
(IPSS) before and after treatment with QoL in chapter 7. A single-center database of
2611 men with voiding dysfunction undergoing various medical and surgical treatment
forms was retrospectively analysed.
Qmax exhibited little correlation with QoL before or after treatment. IPSS inversely
correlated with QoL at baseline and after treatment, and IPSS improvements correlated
with those of QoL. The associations applied to both the voiding and storage sub-score of
the IPSS, with the latter consistently exhibiting somewhat tighter associations.
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These post-treatment data provide support for a cause-effect relation between voiding
symptoms and QoL, irrespective of the chosen treatment. While both voiding and
storage symptoms contribute to this relationship, storage symptoms play a somewhat
greater role.
Nocturia has received much attention in the literature in recent years. Several studies
have reported an association of nocturia with a reduced QoL, independent of the other
LUTS. It is not yet known how treatment-related improvements of nocturia relate to
improvements of QoL. This topic was studied in chapter 8. To answer this question,
we again retrospectively analysed the above-mentioned database of with LUTS/BPH
receiving routine care in a urological university centre in the Netherlands. Secondary
aims of this study were to confirm the role of nocturia in QoL at baseline and to compare
the effects of watchful waiting (WW), transurethral microwave treatment (TUMT)
and transurethral resection (TURP) compared to those of α1-adrenoceptor antagonists
(a-blockers).
Multiple regression analysis for treatment-associated alterations of symptoms and the
QoL question of the IPSS (assessed at baseline and 6-12 months after initiation of
treatment), including subanalysis by form of treatment, were performed.
Among the symptoms assessed in the IPSS, nocturia (together with urgency and
weak stream) had the strongest correlation with QoL at baseline and after treatment.
Similarly, the treatment-associated improvements of nocturia (together with those of
weak stream) had the strongest association with those of QoL. WW, a-blockers, TUMT
and TURP reduced nocturia episodes by 7 ± 53%, 17 ± 40%, 32 ± 47% and 75 ± 23%,
respectively.
We conclude that among all LUTS assessed in the IPSS, nocturia has one of the strongest
associations with QoL and that treatment-associated improvements of nocturia
contribute considerably to overall improvements of QoL. TUMT and TURP appear to
improve not only voiding symptoms but also nocturia, if anything to an even greater
extent than a-blockers.
Both LUTS and sexual dysfunction are common conditions in aging men. It has long
been believed that the coexistence of these two conditions is simply due to the fact
that the incidences of both conditions increase with age. However, the results of several
recent surveys indicate that this association is more than coincidental. In chapter 9 the
conventional beliefs on this topic are reconsidered; do these surveys consistently confirm
an age-independent association between LUTS and sexual dysfunction?
Above-mentioned surveys all made use of self-reported questionnaires on urinary
symptoms and sexual function sent to representative samples of the community. The
occurrence of urinary symptoms appeared to be a risk factor for the development
of erectile dysfunction, ejaculation disorder and decreased libido. Importantly, this
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association was independent of age and various co-morbidities. Therefore, we conclude
that in contrast to long-established opinion, an age-independent association between
LUTS and sexual dysfunction indeed seems to exist. Although several underlying
mechanisms have been postulated in the literature, the exact nature of this association
remains unclear. Future study is required to gain a better understanding of the possible
underlying mechanisms.
a-Blockers such as alfuzosin, doxazosin, tamsulosin and terazosin are first-line agents for
the treatment of LUTS/BPH. Sexual function is complex and includes multiple domains
such as sexual desire (libido), erectile function and ejaculatory function. Erectile and
ejaculatory functions are frequently reduced in BPH patients and can impact their
QoL. Therefore, the treatment of BPH should aim to maintain or even restore sexual
function. Chapter 10 provides an overview of the effects of the different a-blockers
on sexual function. a-Blockers appear to lack major effects on sexual desire in placebocontrolled studies. Reports on erectile function are inconsistent with both beneficial and
adverse effects being reported, but impotence can occur in some patients without clear
differences between drugs. Ejaculatory dysfunction during treatment may represent
(relative) anejaculation. It occurs more frequently with tamsulosin than with other drugs
of this class, but the differences are not big enough to be consistently detectable in
direct comparative studies. We propose that such differences between drugs should
be weighed against differences in cardiovascular tolerability to choose the optimal
treatment for each patient.
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Samenvatting
Het gebruik van prostaatstents bij patiënten met mictieklachten (lower urinary
tract symptoms (LUTS)) als gevolg van benigne prostaat hyperplasie (BPH) wordt
reeds wetenschappelijk onderzocht sinds 1980. Vanwege de vele complicaties zijn
prostaatstents echter nooit geïmplementeerd in de standaardbehandeling voor patiënten
met LUTS/BPH. In de zoektocht naar een prostaatstent met een goede werking, maar
met minder bijwerkingen, werden drie nieuwe stents ontwikkeld en onderzocht bij
patiënten met LUTS/BPH zonder belangrijke co-morbiditeiten.
Hoofdstuk 2 beschrijft de data van een studie naar de effectiviteit en veiligheid van
een zandlopervormige, nitinol stent in de behandeling van patiënten met LUTS/BPH, de
zandlopervormige Horizon prostaatstent. De stents werden poliklinisch ingebracht bij 35
patiënten. Afhankelijk van de lengte van de urethra prostatica werden vijf verschillende
maten (2.0 - 4.0 cm) gebruikt. De patiënten werden na twee, vier, 12, 26 en 52 weken
gecontroleerd, waarbij de maximale flow (Qmax), het residu na mictie (PVR) en de
International Prostate Symptom Score (IPSS), inclusief de kwaliteit-van-leven-vraag
(QoL), werden bepaald.
Bij vijf patiënten was het niet mogelijk een stent te plaatsen in verband met een te nauwe
meatus of een hoge blaashals. Na de plaatsing was er bij alle patiënten sprake van milde
haematurie van tijdelijke aard. Bij alle patiënten was er sprake van spontane mictie direct
na de plaatsing. De mediane tijd dat de stents in situ bleven was 70 dagen. Een KaplanMeier analyse laat zien dat na 14 dagen en na drie, zes en 12 maanden de stent nog in
situ was bij respectievelijk 73%, 40%, 33% and 23% van de patiënten. De voornaamste
reden voor het verwijderen van de stents was migratie (93%), in de meeste gevallen
richting de blaas. De verwijdering van de stents verliep ongecompliceerd, behalve bij
één patiënt, bij wie de stent op de ok verwijderd moest worden. Concluderend bleek
deze zandlopervormige prostaatstent te resulteren in een verbetering van zowel de
subjectieve (IPSS, QoL) als de objectieve parameters (Qmax, PVR). Echter, gezien het
hoge aantal migraties richting de blaas, was deze stent niet geschikt voor klinische
toepassing.
De oorzaak van het hoge aantal migraties werd gezocht in het ontwerp van de stent. De
stent was ontworpen met een toenemende diameter naar beide uiteinden van de stent.
Er werd verondersteld dat het proximale, wijde uiteinde de stents in de blaas trok, in plaats
van een verankering in de prostaatloge te bewerkstelligen. Derhalve werd de opvolger
van de zandlopervormige stent ontworpen met alleen een toenemende diameter aan het
distale uiteinde van de stent (belvormig), met als doel deze ter hoogte van de apex van
de prostaatloge te fixeren. De resultaten van een prospectieve studie om de effectiviteit,
veiligheid en duurzaamheid te testen van de belvormige Horizon prostaatstent in een
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groep van 108 patiënten met LUTS/BPH, worden in hoofdstuk 3 gepresenteerd. Evenals
in de vorige studie werden de stents onder lokale verdoving poliklinisch ingebracht. Er
werden zes verschillende maten (3.5 - 6.0 cm) gebruikt, afhankelijk van de lengte van
de urethra prostatica. Bij het begin van de studie en bij de verschillende follow-up visites
werden Qmax, PVR en IPSS bepaald. De stentplaatsing was in 97% van de patiënten
succesvol. Spontane mictie werd bij alle patiënten bereikt en er was een verbetering in
Qmax, PVR, IPSS en QoL. Significante verbeteringen werden echter maar gedurende
een periode van één tot drie maanden behouden. De belangrijkste complicaties waren
haematurie (19%), urge incontinentie (22%) en migratie (15%). De mediane tijd dat de
stents in situ bleven was 108 dagen. De belangrijkste reden voor verwijdering van de
stent was verergering van de klachten. Bij de verwijdering van de stents bleken veel
stents binnen de urethra prostatica gekanteld te zijn, wat een mogelijke verklaring zou
kunnen zijn voor de verslechtering van de resultaten na de initiële verbetering. Uit deze
studie werd geconcludeerd, dat de belvormige prostaatstent tot een slechts tijdelijke
vermindering van de symptomen leidt, en derhalve niet geschikt is voor klinische
applicatie.
Het effect van de belvormige Horizon prostaatstent op de seksuele functie wordt
geëxploreerd in hoofdstuk 4. Om de seksuele functie te onderzoeken werd door de
bovengenoemde 108 patiënten een vragenlijst met 15 items, de International Index of
Erectile Function (IIEF), ingevuld. Een vergelijking werd gemaakt tussen de totale score
en de verschillende domeinen (erectiele functie, ejaculatiefunctie, libido, tevredenheid
over de gemeenschap en de totale tevredenheid) vóór, één maand en drie maanden
na plaatsing van de stent. Daarnaast beantwoordden de patiënten de volgende vraag:
“Heeft u last gehad van droge of pijnlijke ejaculaties?”.
Bij aanvang van de studie had slechts één patiënt (1%) last van pijnlijke ejaculaties. Een
maand na de stentplaatsing rapporteerden vier (4%) patiënten pijnlijke ejaculaties, en twee
(2%) retrograde ejaculaties. Er was sprake van statistisch significante verslechteringen
van de gemiddelde subscores ‘ejaculatiefunctie’ en ‘tevredenheid over de gemeenschap’.
De totale score van de IIEF en de andere subscores toonden geen verschil ten opzichte
van de beginsituatie. Na drie maanden was er een significante verbetering van de
subscore ‘tevredenheid over de gemeenschap’ en was de verslechtering van de subscore
‘ejaculatiefunctie’ minder groot dan na één maand. Echter, het aantal patiënten dat
pijnlijke retrograde ejaculaties rapporteerde leek hoger dan voor de stentplaatsing (drie
(4%) en vijf (7%) respectievelijk). De totale score van de IIEF en de andere subscores
veranderden niet significant ten opzichte van de aanvangssituatie.
Concluderend werd de ejaculatiefunctie negatief beïnvloed door de belvormige Horizon
prostaatstent en dit negatieve effect verminderde niet na enige tijd. Een maand na
stentplaatsing was de subscore ‘tevredenheid over de gemeenschap’ lager dan voor
de stentplaatsing. Na drie maanden echter, werd er een verbetering van deze subscore
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geconstateerd. De stent had geen effect op de totale IIEF score, en ook de erectiele
functie werd niet beïnvloed door plaatsing van deze stent.
Hoofdstuk 5 bevat de resultaten van een studie naar de effectiviteit en veiligheid van
twee versies van de ‘blind placement stent’ (BPS) in de behandeling van patiënten
met mictieklachten als gevolg van BPH. De eerste versie van deze stent (BPS-1) bestaat
uit één segment van een 22 F. siliconen stent met een roestvrijstalen spiraalvormige
versteviging. De tweede versie van deze stent (BPS-2) bestaat uit twee segmenten. De
BPS-2 bevat alle onderdelen van de BPS-1 met daarbij een extra 2 cm-bulbair segment
om migratie te voorkomen. In deze studie werden de BPS-1 en BPS-2 blind ingebracht
in een poliklinische setting onder lokale verdoving bij 55 mannen. Qmax, PVR en IPSS
werden aan het begin van de studie, direct na plaatsing van de stent en na 14 en 28
dagen gemeten. Het merendeel van beide stents werd zonder problemen ingebracht.
Spontane mictie werd bereikt bij alle patiënten, waarbij een verbetering van Qmax,
PVR en IPSS werd gemeten. De stent migreerde bij 85% en 5% van de patiënten met
respectievelijk de BPS-1 en de BPS-2. De mediane tijd dat de stents in situ bleven was
12 en 37 dagen voor respectievelijk de BPS-1 en de BPS-2. De verwijdering van de
stent verliep gecompliceerd bij één patiënt, nadat de hechting om de stent te kunnen
verwijderen gebroken was.
De BPS leidde tot een verbetering van symptomen bij patiënten met LUTS/BPH. Echter,
als gevolg van het hoge percentage migraties, bleek de BPS-1 niet geschikt voor klinische
applicatie. Het bulbaire segment van de BPS-2 heeft bewezen migratie te kunnen
voorkomen, echter ook deze stent zal niet in de praktijk kunnen worden toegepast
vanwege de bijwerkingen, zoals pijnklachten.
Tamsulosine is de meest voorgeschreven α1-adrenoceptor antagonist (α-blocker).
Tamsulosine was lange tijd alleen beschikbaar in een vertraagde afvloed (modified release
(MR)) capsule. Recentelijk werd echter een oraal gecontroleerd absorptie systeem tablet
(oral controlled absorption system (OCAS)) geïntroduceerd. Tamsulosine is al lange tijd
een bewezen effectieve therapie in de behandeling van patiënten met mictieklachten
als gevolg van BPH. Hoofdstuk 6 bediscussieert de beschikbare literatuur over zowel
tamsulosine MR als tamsulosine OCAS, om de rol van de nieuwe formulering te kunnen
bepalen. De tolerantie van tamsulosine 0.4 mg MR bleek vergelijkbaar met placebo en
werd niet beïnvloed door cardiovasculaire comorbiditeiten of andere medicatie. Het
tamsulosine 0.4 OCAS tablet heeft een gelijkmatiger pharmacokinetisch profiel ten
opzichte van de 0.4 tamsulosine MR capsule. Terwijl de effectiviteit van tamsulosine MR
en OCAS vergelijkbaar zijn, heeft de OCAS formulering kleine voordelen ten aanzien van
tolerantie. Dit is waarschijnlijk echter alleen klinisch relevant als de MR capsule op een
lege maag wordt ingenomen.
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Mictieklachten bij mannen zijn vaak geassocieerd met een verminderde ziekte-specifieke
kwaliteit van leven (QoL). Uit de meeste voorgaande studies is gebleken, dat irritatieve
mictieklachten (frequente mictie, urgeklachten en nycturie) meer lijken bij te dragen aan
deze verminderde kwaliteit van leven dan obstructieve mictieklachten (onvolledig leeg
plassen, intermitterende straal, slappe straal, persen tijdens het plassen). Het merendeel
van de studies die het verband tussen de kwaliteit van leven en mictieklachten
onderzochten, vond plaats bij onbehandelde patiënten. Uit deze ‘baseline’-data volgt
ons inziens echter niet noodzakelijkerwijs de conclusie dat er sprake is van een causale
relatie. In onze ogen zou een analyse van data voor en na behandeling van LUTS/
BPH klachten een sterker bewijs leveren voor een causaal verband. Derhalve wordt in
hoofdstuk 7 de associatie tussen Qmax en de obstructieve en irritatieve mictieklachten
van de IPSS met de QoL-vraag van de IPSS onderzocht, zowel voor als na de behandeling.
Tevens werd onderzocht of er een associatie bestond tussen de verandering in QoL
en de verandering in IPSS na behandeling. Hiertoe verrichtten wij een retrospectieve
analyse van een single-center database met gegevens van 2611 patiënten met LUTS/
BPH uit de routine medische zorg van een Nederlandse urologische academische kliniek,
die uiteenlopende behandelingen ondergingen.
Er bleek geen evidente associatie te bestaan tussen Qmax en QoL voor en na de
behandeling. Zowel voor als na de behandeling was er sprake van een omgekeerde
correlatie tussen IPSS en QoL. Verbeteringen in IPSS correleerden met verbeteringen van
QoL. Deze associaties werden bij zowel de obstructieve als de irritatieve subscore van de
IPSS gevonden, waarbij de irritatieve klachten iets sterker correleerden met QoL.
Deze data dragen bij aan het bewijs dat er een causale relatie bestaat tussen mictieklachten
en QoL, onafhankelijk van de soort behandeling. Terwijl zowel obstructieve, als irritatieve
klachten bijdragen aan deze associatie, lijken irritatieve klachten een wat grotere rol te
spelen.
Het symptoom nycturie heeft de laatste jaren veel aandacht gekregen in de literatuur.
Verschillende studies hebben een associatie van nycturie met een verminderde kwaliteit
van leven gerapporteerd. Het is echter nog niet bekend of verbeteringen in nycturie,
die gerelateerd zijn aan de behandeling, ook verband houden met een verbetering in
kwaliteit van leven. Dit vraagstuk wordt bestudeerd in hoofdstuk 8. Om deze vraag
te beantwoorden, verrichtten wij een retrospectieve analyse van een single-center
database met gegevens van patiënten met LUTS/BPH uit de routine medische zorg
van een Nederlandse urologische academische kliniek. Secondaire doelen van deze
studie waren om de associatie tussen nycturie en een verminderde QoL te bevestigen
en om de effecten op nycturie van een afwachtend beleid (‘waakzaam wachten’
(WW)), transurethrale resectie van de prostaat (TURP) en transurethrale microgolf
therapie (TUMT) te vergelijken met het effect van a-blockers. Er werd een multipele
regressie analyse verricht voor behandelingsgeassocieerde veranderingen in symptomen
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en de QoL-vraag van de IPSS. Daarnaast werd een subanalyse van de verschillende
behandelingen verricht.
Van alle symptomen die in de IPSS worden gemeten, bleek nycturie, samen met
urgeklachten en een zwakke straal, de sterkste associatie te hebben met QoL, zowel voor
als na de behandeling. Daarnaast bleek de verandering van nycturie na de behandeling
(samen met de verandering van een zwakke straal) de sterkste associatie te hebben met
de verandering van QoL. WW, a-blockers, TUMT en TURP reduceerden de episodes van
nycturie met respectievelijk 7 ± 53%, 17 ± 40%, 32 ± 47% en 75 ± 23%.
Uit deze studie kunnen we concluderen, dat van alle mictieklachten waar in de IPSS
naar gevraagd wordt, nycturie één van de sterkste associaties heeft met QoL. Daarnaast
blijken behandelingsgeassocieerde veranderingen in nycturie bij te dragen aan
verbeteringen van QoL. In deze studie bleken TUMT and TURP niet alleen tot afname
van mictieklachten (zoals een verminderde straalkracht) te leiden, maar ook tot een
vermindering van het aantal episoden van nycturie, zelfs in vergelijking met a-blockers.
Bij patiënten met LUTS/BPH bestaat ook vaak seksuele dysfunctie. De vraag die hierbij
bovenkomt is, of de co-existentie van beide aandoeningen bij oudere mannen slechts
het gevolg is van het feit dat de incidenties van beide toenemen met de leeftijd of dat
er sprake is van een correlatie tussen LUTS en seksuele dysfunctie? Om deze vraag te
beantwoorden, wordt in hoofdstuk 9 de recente literatuur over de associatie tussen LUTS
en seksuele dysfunctie onder de loep genomen. Hierbij werd gekeken naar verscheidene
studies die gebruik maakten van vragenlijsten, afgenomen bij representatieve
steekproeven onder de bevolking. LUTS bleken een risicofactor te zijn voor het ontstaan
van erectiele dysfunctie, ejaculatiestoornissen en een verminderd libido. Deze associatie
bleek onafhankelijk te zijn van leeftijd en verschillende comorbiteiten. Derhalve kan
geconcludeerd worden, dat er een leeftijdsonafhankelijke associatie bestaat tussen
LUTS en seksuele dysfunctie. Omdat het onderliggende mechanisme van deze correlatie
onbekend is, mag uit deze resultaten niet geconcludeerd worden dat er sprake is van
een causale relatie. Verschillende theorieën over bijdragende factoren werden in de
literatuur gepostuleerd. Echter, aanvullend onderzoek om een beter begrip te krijgen
naar de achterliggende oorzaak van deze associatie is noodzakelijk.
a-Blockers, zoals alfuzosin, doxazosin, tamsulosine and terazosin zijn eerste-lijns
behandelingen van LUTS/BPH. Seksuele dysfunctie is complex en bevat verschillende
domeinen, zoals libido, erectiele functie en ejaculatie. Zoals gezegd, hebben patiënten
met LUTS/BPH vaak last van seksuele dysfunctie. Derhalve is het van groot belang dat
de behandeling van de mictieklachten de seksuele functie niet verder verslechtert.
Hoofdstuk 10 geeft een overzicht van het effect van de verschillende a-blockers op
de seksuele functie. a-Blockers blijken geen groot effect op het libido van patiënten
te hebben in placebo-gecontroleerde studies. De literatuur waarin het effect op
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erectiele functie is beschreven, is inconsistent, waarbij zowel positieve als negatieve
effecten worden genoemd. Impotentie blijkt soms voor te komen bij het gebruik van
a-blockers, waarbij er geen verschil tussen de verschillende a-blockers werd gevonden.
Ejaculatiestoornissen tijdens behandeling met a-blockers zouden kunnen berusten op
(relatieve) an-ejaculatie, en niet op retrograde ejaculatie, zoals lang werd gedacht.
Ejaculatiestoornissen treden vaker op bij tamsulosine, maar de verschillen blijken niet
groot genoeg om in direct vergelijkende studies aangetoond te kunnen worden. Bij het
maken van een keuze tussen de verschillende medicijnen voor de individuele patiënt,
zouden de verschillen tussen de medicijnen moeten worden afgewogen tegen verschillen
in cardiovasculaire tolerantie.
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Er is altijd een reden
Schoorvoetend voor het komt
welsprekend, slepend of schor
door de prop ontschoten aan
de opgezwollen strot. Glijdend
langs devote lippen, bibberend
gesmeten naar een begeerde top
Met dia-avondstem of larielijderskrop.
Koerend, welgemoed, als lokroep
voor de aan trots geketende.
Met zielenpijn gesproken, het nee nog
niet gebroken. In het harnas gestoken
van je moet, met doornen in het vlees
of enkel maar gemorst, als vloek
of fluisterend getart, hijgend uit een
smachtend hart, of geslagen met de kracht
van een karwats
Schaapachtig, schraapzuchtig,
stuiptrekkend, slagvaardig of met de leemte
van een verloren tong, er is altijd wel een reden
om ja te zeggen, het woord te kiezen dat ruikt
naar aanstoot geven, guirlandes, rozenkransen,
en razend vlees, dat het nieuwe daagt, de horizon
bewaart, de afwijzing slapen laat hoe hevig
het hart ook slaat. Ja luister: het klapperen
van de zeilen, de gongslag van de wind; hoe
monter glijdt zij langs de touwen, bestijgt zij
de mast, berijdt zij de golven. De hemel bloost.
Ja… hou haar aan als adem
		

Er is altijd een reden om ergens uit te komen.

Margreet Schouwenaar
Uit: ‘Wegen om te komen’
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Met veel plezier, maar soms ook grote moeite, heb ik aan mijn proefschrift gewerkt.
Tijdens het schrijven ben ik mijzelf op velerlei wijzen tegengekomen. Mede daardoor
hebben de afgelopen jaren mij veel goeds gebracht. Bij de totstandkoming van dit
proefschrift zijn vele mensen, direct of indirect, betrokken geweest. Bij deze wil ik
iedereen die mij geholpen, gestimuleerd en gesteund heeft, heel hartelijk bedanken.
Prof. dr. J.J.M.C.H. de la Rosette. Ik heb bewondering voor uw enorme gedrevenheid en
uw niet aflatende optimisme. U denkt in mogelijkheden in plaats van onmogelijkheden
en hierdoor kon ik de motivatie vinden om door te zetten in moeilijke tijden. Ik ben u
dankbaar voor de kansen die u mij gegeven heeft en voor uw geduld met mijn bij tijd en
wijlen wellicht wat overdreven perfectionisme.
Prof. dr. M.C. Michel, beste Martin. Het proefschrift is eindelijk klaar. Jouw intelligentie
en gedetailleerde kennis zijn legendarisch en ik heb dan ook veel geleerd van onze
samenwerking. Je enthousiasme voor de wetenschap werkt inspirerend. Bedankt voor je
altijd kritische blik en je hulp bij het indienen van de artikelen.
Dr. ir. H Wijkstra, beste Hessel. Ontelbare keren heb ik op je kamer gezeten als ik weer
eens vastliep met schrijven. Jij hielp mij op weg met je soms ironische inslag (inmiddels
weet ik dat je dat niet kwaad bedoelt). Als geen ander heb jij me geleerd de kern van
een stuk te formuleren. Veel dank voor het lezen van de vele versies van mijn artikelen.
Dr M.P. Laguna, beste Pilar. Je bent een zeer bevlogen uroloog en daar heb ik veel
respect voor. Bedankt voor je altijd deskundige begeleiding. Je bemoedigende woorden
in de laatste fase hebben mij gemotiveerd om het boekje echt af te maken.
Mijn kamergenoten Margot en Intan, kat en muis, dank ik voor de fijne tijd in onze
‘gangkast’. De vele koppen koffie en chocoladekoeken van de AH hielpen bij de
concentratie. Jullie beider georganiseerdheid heb ik helaas altijd ontbeerd. Margot,
ik had jouw hulp bij Excel en andere moeilijke computerdingen nooit kunnen missen.
Intan, jouw discipline bij het invoeren van de PALGA data en je hoge werktempo zijn
bewonderenswaardig. Helaas worden we nooit directe collega’s, maar ik denk dat de
radiologie respectievelijk pathologie jullie op het lijf geschreven is. Chaidir, wat heb ik
een bewondering voor het feit dat jij met je hele gezin naar Nederland verhuisde om
te promoveren. Jij wees mij in al jouw bescheidenheid op de mogelijkheden die ik heb
gekregen.
Al mijn collega’s bij de urologie, in opleiding en niet in opleiding, secretaresses,
verpleegkundigen en stafleden, met name dr. Theo de Reijke als opleider, wil ik bedanken
voor de leuke tijd in het AMC. Christa, steun en toeverlaat van alle assistenten. Bedankt
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voor het corrigeren van de samenvattingen van dit boekje en je hulp bij urologisch
(“vergeet je het pre-dokter-onderwijs niet?”) en bij niet-urologisch (mijn tandartsfobie)
gerelateerde zaken. Sonja, bedankt voor je hulp bij alle organisatorische rompslomp
rondom dit proefschrift. Hannan, ondanks de krappe behuizing is het samenwonen mij
wel bevallen, ik zal onze gesprekken over ‘het concert des levens’ volgend jaar missen.
Gerrit-Jan en Saskia, ik denk met veel plezier terug aan onze fijne samenwerking en de
hilarische tripjes in het kader van de investigators-meetingen.
Alle chirurgen, collega-assistenten en de dames van het secretariaat van de afdeling
chirurgie van het Zaans Medisch Centrum wil ik bedanken voor een geweldig leuke en
leerzame tijd. Ik was, na 2,5 jaar onderzoek, eigenlijk gespeend van enige praktische
chirurgische kennis. Maar dankzij jullie heb ik vreselijk veel plezier gekregen in het vak en
heb ik het vertrouwen gekregen dat het mij past. Dr. Alexander Engel dank ik voor de
hulp bij het schrijven van de introductie van dit boekje.
Ik wil al mijn lieve vrienden bedanken voor de broodnodige afleiding en steun
gedurende de afgelopen jaren. Mirjam, ik had me geen betere huisgenoot kunnen
bedenken tijdens de eerste jaren van mijn tijd in het AMC. Jouw onverstoorbare en
nuchtere levensinstelling zijn een verademing voor een bij tijd en wijlen dramaqueen
als ik. Maaike en Erik, dank voor de vele keren dat jullie je hebben ontfermd over ‘de
buuf’ van de Hooigracht. Daan en Harmen, ook al zulke fijne buren! Mijn huis boven
jullie voelt nog steeds als een cadeautje. Harmen, dank voor je hulp bij het zoeken
van een locatie. Daan, ik ben zo blij met onze bijzondere gesprekken en jouw altijd
onbevooroordeelde oor. Cynthia, jouw rotsvaste vertrouwen is erg inspirerend voor mij,
dank voor al je wijze raad. Leonie, bedankt voor alle leuke vakanties die we inmiddels
samen hebben doorgebracht. Christien, Claire, Fleur, Marije, Ted en Ymke: de vele
feestjes, etentjes en keren dat wij ‘op weekend’ waren, zijn onvergetelijk; ik vind het
super dat we na al die jaren nog zo’n goed contact hebben. Esther, Inge, Karin, Sandra
en Sarah bedank ik voor de warme interesse en gezellige avonden en weekendjes weg.
Merel, mijn peuterschoolvriendinnetje, ondanks het weinige contact van de afgelopen
jaren, is onze vriendschap bijzonder en belangrijk voor mij. Bora, de prachtige weken
op Samos hebben een onomkeerbare ontwikkeling in gang gezet. Veel dank voor al je
wijsheid. Axel, ik leerde jou pas kennen tijdens de beruchte laatste loodjes. Dank voor de
wonderlijk mooie en ontroerende ontmoetingen en vele uren aan de telefoon.
Maurits, Jij kwam een maand na mij als onderzoeker in het AMC. Tijdens de ontelbare
gesprekken (over onderzoeksperikelen, maar natuurlijk vooral over persoonlijk wel en
wee) in de plantenbak achter de snoepautomaat ontstond al snel een hechte vriendschap.
Jij bent een echte ‘doorpakker’ (dé reden dat jij je boekje een jaar eerder klaar had dan
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ik) en daar kan ik als last-minute-addict nog wat van leren. Ik vond het een eer jouw
paranimf te mogen zijn en ik ben heel blij dat je nu mijn paranimf bent.
Ella, mijn ‘zusje’. Jouw humor en bescheiden zelfspot werken aanstekelijk. Wat een
verademing om met jou ouderwets de slappe lach te kunnen hebben. Onze gedeelde
liefde voor jazz-muziekjes kwam tot een hoogtepunt tijdens die legendarische avond in
de jazz-toko in Botswana. Onze intense en leuke Afrika-reis was onvergetelijk.
Jan-Jaap, bedankt voor je hulp bij de aanschaf van een laptop, zo kon ik tenminste ook
thuis aan dit proefschrift werken.
Jiska, mijn andere ‘zusje’ van de Afrikaanse drie-eenheid. Onze ontmoeting op het terras
in Leuven was liefde op het eerste gezicht. Onze oeverloze gesprekken over niets in het
bijzonder of juist het bijzondere in alles (fluisterend aan de telefoon tijdens jouw vele
treinreizen, met een strand-biertje na het surfen of na onze muziek-luister-middagen in
‘Concerto’) betekenen heel veel voor mij. Heel fijn dat je mijn paranimf wilt zijn.
Renske, jij begrijpt mij als geen ander, waarschijnlijk omdat we zo op elkaar lijken, en ik
ben onwaarschijnlijk blij met onze vriendschap. Het is ons in die 33 jaar nog nooit gelukt
om dicht bij elkaar in de buurt te wonen; ik zou het wel héél leuk vinden als dat er nog
een keer van komt.. Daarnaast wil ik nog even kwijt dat ik supertrots ben op de manier
waarop jij het afgelopen jaar jouw proefschrift afgemaakt hebt.
Mathijs, mijn grote broer. Ik durf te beweren dat jij als econometrist meer weet
over prostaatstents dan menig uroloog. Jij was mijn meest kritische lezer, en dat we
uiteindelijk zelfs samen een artikel hebben geschreven, vind ik geweldig. Heel veel dank
voor al je hulp. En wat een geluk dat we ‘t zo goed met elkaar kunnen vinden! Ik had
me geen betere broer kunnen wensen en ik ben er trots op dat je mijn paranimf bent.
Papa en mama, de liefste ouders van de wereld. Jullie hebben je waarschijnlijk regelmatig
afgevraagd waarom ik perse aan dit promotietraject meende te moeten beginnen. Toch
hebben jullie altijd onvoorwaardelijk achter mij gestaan en mij op veel verschillende
manieren geholpen. Dat is een grote steun geweest. Heel veel dank voor jullie liefde.
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Curriculum Vitae
Marleen Margreet van Dijk werd geboren op 27 april 1976 te Blokker. In 1994 behaalde
zij haar VWO diploma aan het Emmauscollege, te Rotterdam. Na het eindexamen
verbleef zij een jaar in Cambridge, Verenigd Koninkrijk. Aldaar behaalde zij het general
certificate of education Advanced level Chemistry deelcertificaat. In 1995 startte zij
met de studie geneeskunde aan de Katholieke Universiteit Leuven te België, om deze
uiteindelijk te vervolgen aan de Universiteit Leiden vanaf 1996. Na het behalen van het
artsexamen begon zij in augustus 2003 aan haar promotieonderzoek onder leiding van
prof. dr. J.J.M.C.H. de la Rosette (afdeling urologie) en prof. dr. M.C. Michel (afdeling
farmacologie en farmacotherapie).
In januari 2006 startte zij met de opleiding tot uroloog. De vooropleiding chirurgie
volgde zij in het Zaans Medisch Centrum (opleider dr. A.F. Engel). Vervolgens begon in
2008 het urologische gedeelte van de opleiding in het Academisch Medisch Centrum
(opleider dr. Th.M. de Reijke). Vanaf januari 2010 vervolgt zij de opleiding urologie in het
Sint Lucas Andreas Ziekenhuis te Amsterdam ( opleider dr. E.A. Heldeweg).
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