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Bladder Outlet Obstruction 6
and Overactive Bladder in Males

Emanuele Rubilotta

6.1 Definition

Bladder outlet obstruction (BOO) is a generic term indicating a pathological condi-
tion of obstruction during voiding. BOO is a urodynamic condition characterized by
increased detrusor pressure and reduced urine flow rate during micturition (high
detrusor pressure/low peak flow) [1, 2]. In men, BOO often results from benign
prostate obstruction (BPO) which may be related to the benign prostate enlargement
(BPE), with histological feature such as benign prostate hyperplasia (BPH) [3, 4].
In addition to prostate obstruction, in males several conditions can lead to BOO,
such bladder neck dysfunctions, urethral stricture, poorly relaxed urethral sphincter,
urethral sphincter dyssynergia, neurological diseases.

Overactive bladder syndrome (OAB) is defined as urinary urgency, usually with
frequency and nocturia, with or without urgency urinary incontinence [2, 4].
Detrusor overactivity (DO) is the urodynamics observation of OAB, characterized
by involuntary detrusor contractions during the filling phase which may be sponta-
neous or provoked [1]. Although OAB prevalence is similar in both sexes, anatomi-
cal and physiological differences in the lower urinary tract system of men and
women may explain some different underlying mechanisms which lead to this
disorder. In males, the main causes are bladder outlet obstruction, neurological
diseases, medications, uncontrolled diabetes [5].
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6.2 Epidemiology

The association between BOO and OAB has been recognized in several studies [5].
The main epidemiological reports showed that males OAB prevalence ranges from
10.8% to 27.2% [6—10]. The coexistence of OAB and BOO is described up to 50%
in males with LUTS, while DO is urodinamically confirmed in the half of these men
[11-13]. The overall rate of persistent OAB after medical or surgical treatments for
BOO is described up to 50% [14-16].

6.3  Pathophysology

The proposed pathophysiological mechanisms underlying the development of OAB
in males with BOO include the myogenic, neurogenic, and urothelial factors [17].
All these pathological causes may provoke denervation from ischemia, changes in
the bladder wall, and modifications in neural control of bladder contraction induced
by BOO [17-22]. A decrease in blood flow has been recognized only in the dysfunc-
tional bladders of males with BOO, but not in the balanced detrusor muscles [19,
22]. Thus, the reduction in blood flow to the bladder seems an essential cause of the
pathological detrusor contractility. The main explication of the diminution of blood
flow is linked to the effect of the raised intravesical pressure during micturition, or
the increased tissue pressure of hypertrophied bladder wall during filling. Denervation
induced by ischemia has a lot of consequences. An effect of the parasympathetic
denervation is the supersensitivity to acetylcholine that leads to stronger and more
intense detrusor contractions [21-25]. The sympathetic stimulation is also affected
by BOO [26-28]. The sympathetic system stimulation is increased by BOO, and a
shifting in the predominant subtype of a-adrenoreceptors has been recognized (from
ala to ald) [29, 30]. Furthermore, the sympathetic system may be relevant in the
progression to DO and OAB through the Rho-kinase pathway. BOO upregulates the
RhoA/Rho-kinase pathway which produces an increase in phosphorylation of the
myosin light chain, leading to increase in contractility of the detrusor smooth muscle
cells, and consequently to OAB [31]. Bladder outlet obstruction can also provoke
changes in cell-to-cell contacts between detrusor smooth muscle cells. Protrusion of
cell junctions and ultraclose abutments have been demonstrated in cells of patients
with BOO. Abnormal cell-to-cell signaling can induce segmental contractions,
evoke afferent nerve activity, increase afferent noise, and trigger micturition reflex
[29, 30]. The reorganization of the spinal micturition reflex due to BOO has been
proposed as a mechanism of developing DO and OAB [31, 32]. The hypertrophy of
both bladder afferent and efferent neurons in BOO conditions is associated with an
increase of the expression of NGF in the bladder and in the sacral autonomic centers,
leading to facilitation of the spinal micturition reflex [33]. This reflex is thought to
be mediated by bladder sensory unmyelinated C-fibers which transmit sensations of
bladder fullness, urgency, pain. NGF has a relevant effect in bladder sensory C-fibers
by promoting their sprouting in the central nervous system, by changing receptor
expression in sensory fibers, and by decreasing their threshold of response to the
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normal stimulation [34]. The hypersensitivity of these C-fibers causes a rise in the
local release of neurotransmitters as tachykinins and other peptides. The conse-
quences in the bladder wall are bladder smooth muscle contraction, facilitation of
neural transmission and increase vascular permeability [35-37]. Thus, all these
properties of bladder sensory nerve suggest that the increased afferent activity in
men with BOO can induce detrusor overactivity causing OAB [34].

Recent increasing data has suggested that urothelium can have a part in the
pathophysiological mechanism leading to OAB [38]. There are several evidences
that the urothelium is not just a passive barrier, but is also a responsive structure that
is capable of detecting thermal, mechanical and chemical stimuli [39, 40]. The uro-
thelium synthesizes and releases acetylcholine (Ach) which differs widely from that
of neurons with respect to the molecular components of ACh synthesis and release
machinery [41]. Urothelial cells express ion channels similar to stretch activated
(mechanosensitive) channels in nervous tissue and these channels may play a role in
mechanotransduction in the lower urinary tract. The epithelial sodium channel
(ENaC) has been implicated in several processes including transduction of mechan-
ical and nociceptive stimuli [42]. The transient receptor potential vanilloid 1
(TRPV1), a Ca*-permeable, non-selective cation channel, which has a prominent
role in nociception, is present in urothelial cells and underlies their sensitivity to
vanilloid compounds [43, 44]. Transmitters released from the urothelium may alter
the excitability of afferent nerves and affect detrusor muscle contractility [40].
Absence of the urothelium may cause an increase in the spontaneous activity of
detrusor. Thus, a chronic urothelial injury leads to both an increase urinary fre-
quency and a decrease voiding volume, and can play an important pathophysiologi-
cal role in the development of OAB [45].

6.4 Diagnosis
6.4.1 General Considerations

The concomitance of BOO and OAB should be supposed in males reporting urinary
symptoms of both storage and voiding phase. In these males, the diagnostic approach
should lead to evaluate whether these urinary symptoms are related to BOO or to
other conditions, such detrusor underactivity (DUA) or neurological diseases.
Furthermore, it is essential to assess whether storage symptoms correspond to those
of the OAB syndrome and whether they are secondary to a BOO condition or to an
idiopathic OAB syndrome. Males affected by BOO usually report voiding symp-
toms and some storage symptoms, as nocturia, followed by urgency and urgency
incontinence, while men with OAB most commonly refer urgency and frequency
[22]. Thus, often the storage symptoms are the same, but the order of severity
reported by patients may change. For these reasons, it is essential to use a proper
and accurate diagnostic methodology, and several useful diagnostic tools, in the
investigation of these males to clearly determine the association between BOO and
OAB [46].
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The medical history is the basic step to identify the potential causes of lower
urinary tract symptoms (LUTS) in men. The evaluation of patient’s comorbidities,
current medications, lifestyle habits may aim to better characterize the clinical con-
dition [46, 47].

Physical examination should focus suprapubic area, external genitalia, perineum
and lower limbs, urethral discharge, meatal stenosis, phimosis, penile cancer. Digital
rectal evaluation helps to assess prostate volume, to exclude prostate cancer or pros-
tatitis [46, 47].

The use of validated symptom score questionnaires, such International Prostate
Symptom Score (IPSS) [48], The International Consultation on Incontinence
Questionnaire (ICIQ-MLUTS) [49], Overactive Bladder Questionnaire (OAB-q)
[50], International Consultation on Incontinence Questionnaire Overactive Bladder
(ICIQ-OAB) [51] is recommended [46, 52]. Symptoms scores are helpful in quan-
tifying LUTS and identifying which type of symptoms are predominant, but they
are not disease, or age-specific [46].

Bladder diary is an essential investigation tool for men with suspected coexisting
BOO and OAB [2]. Parameters resulting from bladder diary comprise daytime and
nighttime voiding frequency, urgency episodes, urgency urinary incontinence epi-
sodes, volume per void, total voided volume, the rate of urine production during
night (nocturnal polyuria index), fluid intake, use of pads, activities during record-
ing. A duration of 3-days-long bladder diary is recommended [46, 53]. An accurate
bladder diary may explain a lot of the urinary symptoms and aid in the diagnosis of
symptoms related to BOO and/or OAB. Frequency and urgency episodes can be
properly assessed leading to a correct diagnosis of OAB. Nocturia can be differenti-
ate from nocturnal polyuria avoiding incorrect diagnosis and inappropriate treat-
ments [54, 55].

Urinalysis, prostate specific antigen (PSA) and measurement of renal function
should be taken [56, 57].

The evaluation of post-void residual (PVR) of urine is recommended in the base-
line assessment [46], unless the diagnostic accuracy of this measurement is low.
Indeed, the PVR threshold of 50 mL corresponds to the positive predictive value
(PPV) of 63% and to the negative predictive value (NPV) of 52% for the prediction
of BOO [58]. A high baseline PVR is associated with an increase risk of symptoms
progression [59, 60]. High PVR volumes can be a consequence of voiding obstruc-
tion and/or impaired detrusor contractility, so they may indicate some pathological
bladder emptying conditions such BOO or DUA. Anyway, this parameter cannot be
used to achieve a differential diagnosis between these conditions [61-63]. Thereby,
PVR measurement can be an aid in the patient’s evaluation, but should always be
consider only as one of the diagnostic steps in the overall assessment.

Uroflowmetry (UF) is a non-invasive urodynamic investigation recommended in
the initial evaluation of males with urinary symptoms suggestive of bladder outlet
obstruction [46]. The diagnostic accuracy of uroflowmetry for detecting BOO varies
considerably and is substantially influenced by threshold values, such voided vol-
umes lower than 150 mL or higher than 500 mL [64]. Indeed, the optimal contractile
function of detrusor muscle fibers is reached with a bladder filling ranging between
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150 and 500 mL, which avoid an under- or overstretching of the muscle fibers.
Uroflowmetry specificity can be improved by repeated flow rate testing [1, 2]. A
peak flow (Q...,) threshold of 10 mL/s has a specificity of 70%, a PPV of 70% and
a sensitivity of 47% for BOO. The specificity using a threshold Q,,,, of 15 mL/s is
38%, the PPV 67% and the sensitivity 82%. If Q,,,, is >15 mL/s, physiological com-
pensatory processes mean that BOO cannot be excluded [65]. Anyway, this non-
invasive urodynamic evaluation is unable to discriminate the underlying mechanisms
of pathological voiding, such bladder outlet obstruction or detrusor underactivity.
Invasive urodynamics is the most accurate investigation for males with urinary
symptoms suggestive of OAB and BOO [1]. Invasive urodynamics comprise a cys-
tometry which may uncover signs of the OAB, and pressure-flow studies which
allow to reveal bladder outlet obstruction and to distinguish BOO from DUA. During
the filling phase of the examination it is possible to detect involuntary detrusor con-
tractions, corresponding to detrusor overactivity (DO), occurring with or without
contemporary sensory urgency [5]. In symptomatic patients, involuntary detrusor
contractions are detected only in almost 50% of the cases. The urodynamic diagno-
sis of BOO is characterized by the increased detrusor pressure associated to the
decreased urinary flow during voiding. BOO has to be differentiated from DUA,
which is described by the decreased detrusor pressure during voiding, coupled to
the decreased urinary flow [5]. Accepted nomograms exist to aid in the differential
diagnosis. Abrams-Griffith nomograms was developed on the model of urethral
resistance relation (URR) [66] and was followed by the Schifer nomograms which
was based on the passive urethral resistance relation (PURR) [67, 68], a simplified
model of the Griffith’s URR. According to URR, as bladder pressure rises, the flow
rate will be zero until the intrinsic bladder pressure equals the intrinsic urethral pres-
sure. At this point, flow will start and the flow rate will rise rapidly with further
increases in the intrinsic bladder pressure. If pairs of simultaneously measured val-
ues of detrusor pressure and flow rate are plotted against one another throughout the
course of a micturition event, a curve is obtained that shows the resistance to flow
independent of detrusor function, representing the urethral resistance relation. The
Abrams-Griffith nomograms boundary were: unobstructed, equivocal, and
obstructed [69, 70]. The PURR curve describes the relationship between pressure
and flow during the period of lowest urethral resistance (i.e., during complete relax-
ation), and therefore defines the lowest urethral resistance during a single voiding
event [71]. The PURR was the first attempt to quantify relevant features of the void-
ing cycle describing the interplay of detrusor capability and bladder outlet resis-
tance. In Schifer nomogram this linear PURR (LinPURR) curve was divided into
seven zones labeled 0 to VI corresponding to increasing grades of obstruction:
grades 0 and 1, no obstruction; grade 2, equivocal or mild obstruction; grades 3—6,
increasing severity of obstruction. The limit between grades 2 and 3 corresponds to
the boundary between equivocal and obstructed in the Abrams-Griffiths nomogram.
The linear PURR also allows for the assessment of detrusor contractility, indepen-
dent of obstruction, divided in: strong, normal, weak, and very weak [72]. Based on
the Griffith models, an ICS nomogram was developed, recommended for the diag-
nosis of BOO [73, 74]. ICS nomograms uses the bladder outlet obstruction index
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(BOOI) represented by the equation: BOOI = Pyy @ Qpux — 2 Onax- According to
this nomogram, males are divided into obstructed, equivocal, and unobstructed
according to their BOOI: BOOI > 40 = obstructed; BOOI 20—40 = equivocal; and
BOOI < 20 = unobstructed. To assess detrusor contractility, in addition to the con-
tractility zones of the Schifer nomogram, an index for bladder contractility can be
calculated from the contractility groups derived from the Schifer nomogram [75].
The bladder contractility index (BCI) is represented by the following formula:
BCI = Pge; Omax + 5 Omax- Using this formula, contractility can be divided into strong
>150, normal 100-150, and weak <100. Thus, the analysis of a complete urody-
namic examination, with the aid of these nomogrames, is the most accurate investiga-
tion to diagnose detrusor overactivity and bladder outlet obstruction. To date,
urodynamics is not routinely recommended in the diagnosis of men with LUTS, due
to its invasiveness and costs, but it is indicated when the non-invasive urodynamic
investigations fail for a definite diagnosis [46].

6.5 Management
6.5.1 General Considerations

For most men with LUTS, there is an overlap of both obstructive voiding symptoms
and storage symptoms. Patients management should be tailored according to the
type, the severity and the bother of the LUTS. The management of these men may
include conservative treatments, pharmacological therapy, and surgical procedures.
Each of these approaches has advantages and risks. The conservative management
may be the first step. This therapeutic approach has no side effects, but it is effective
in a minor part of the patients, mainly in males with LUTS less bothersome.
Pharmacological treatments are effective and have mild/moderate side effects, rep-
resenting the most common first-line therapeutic approach. Surgical procedures
should be offered to males nonresponders to conservative and/or pharmacological
treatments, with bothersome symptoms and/or more severe clinical conditions, after
accurate counseling.

6.6 Conservative Treatments
6.6.1 General Considerations

Behavioral modifications should be proposed to males with BOO and OAB as a
first-line therapy or to enhance concomitant treatments. Several data support this
clinical approach to these patients [76].

Behavioral management should be offered mainly to men with low/moderate
LUTS, minimally bothered by their symptoms. These conservative treatments
include lifestyle advices such as reduction of fluid intake, avoidance/moderation of
intake of caffeine or alcohol, bladder retraining, revising the medical therapy and
optimizing the time of administration or substituting drugs for others with fewer
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urinary effects, breathing and perineal exercises, mental tricks to take the mind off
the bladder and toilet, treatment of constipation, providing necessary assistance in
case of dexterity impairment, mobility or mental state, improve reassurance and
education on the patient’s clinical condition [77, 78].

6.7 Pharmacological Treatments
6.7.1 General Considerations

In males, due to the high prevalence of benign prostatic obstruction and the related
obstructive urinary symptoms, the diagnosis of OAB may be often neglected.
Thereby, a therapy for voiding obstructive symptoms is usually offered, while pro-
posed therapy for OAB symptoms is not often advised [79].

6.7.2 «o1-Blockers and 5a-Reductase

The main pharmacological treatment for males with BOO is represented by
al-blockers, with or without association of Sa-reductase (type 1 or type 2) [46]. The
pharmacological mechanism of al-blockers is to inhibit the effect of endogenously
noradrenaline on smooth muscle cells in the prostate, and thus reduce prostate tone
and BOO [80, 81]. The 5a-reductases are generally used in case of prostate volume
higher than 40 mL. The androgen effect of these agents on the prostate is mediated
by dihydrotestosterone, which is converted from testosterone by the enzyme
Sa-reductase, a nuclear-bound steroid enzyme [82]. Both these treatments,
al-blockers and 5a-reductase, in mono- or combination therapy, have good results
mostly on voiding symptoms, with improvement of IPSS score up to 50% and Q.
up to 40%, and can reduce also storage symptoms [83]. Long-term data (4 years)
showed that combination treatment is superior to monotherapy for improvement of
symptoms and Q,,.., and superior to al-blocker alone in reducing the risk of AUR
or need for surgery [59, 84, 85]. Several data demonstrated that combination ther-
apy significantly reduces the risk of disease progression [59, 84, 85]. The adverse
events observed during combination treatment were those typical of al-blockers
and 5-ARIs, but the rate of side effects was significantly higher for combination
therapy [59, 84, 85]. Combination therapy should be offer in long-term treatment
(more than 1 years) and to men with moderate-to-severe LUTS, at risk of disease
progression (higher prostate volume, higher PSA concentration, advanced age,
higher PVR, lower Q,..,) [86].

6.7.3 Antimuscarinic Agents and Beta-3 Adrenoreceptors
The main drugs used for OAB symptoms are antimuscarinic [79, 87]. Recently,

Beta-3 agonist have been introduced in the clinical practice [88-91]. The antimus-
carinic mechanism is as following: the detrusor muscle is innervated by
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parasympathetic nerves whose main neurotransmitter is acetylcholine, which stimu-
lates muscarinic receptors (M-cholinoreceptors) on the smooth muscle cells.
Muscarinic receptors are also present on other cell types, such as bladder urothelial
cells, epithelial cells of the salivary glands, or the peripheral or central nervous sys-
tem. Five muscarinic receptor subtypes (M1-M5) have been described, of which
M2 and M3 are predominant in the detrusor. The M2 subtype is more numerous, but
the M3 subtype is functionally more important in bladder contractions in healthy
humans [92, 93]. Antimuscarinic effects might also be induced or modulated
through other cell types, such as the bladder urothelium or by the central nervous
system [94, 95]. The following muscarinic receptor antagonists are licensed for
treating OAB/storage symptoms: darifenacin hydrobromide (darifenacin); fesotero-
dine fumarate (fesoterodine); oxybutynin hydrochloride (oxybutynin); propiverine
hydrochloride (propiverine); solifenacin succinate (solifenacin); tolterodine tartrate
(tolterodine); and trospium chloride. Transdermal preparations of oxybutynin have
been formulated and evaluated in clinical trials [96, 97]. Literature data showed that
in men storage symptoms significantly decreased after therapy with antimuscarinic
agents, with a low complications rate [15, 98—100]. Antimuscarinic drug trials gen-
erally show approximately 3—10% withdrawals, which is similar to placebo. Drug-
related adverse events include dry mouth (up to 16%), constipation (up to 4%),
micturition difficulties/acute urinary retention (up to 3%), nasopharyngitis (up to
3%), and dizziness (up to 5%) [15, 96—100]. Despite the high prevalence of storage
symptoms in men with LUTS, and the efficacy of antimuscarinic agents with low
side effects/complications, men are usually treated with BPH drugs rather than
those specific for OAB [79]. An explication is that some patients may improve stor-
age symptoms by the administration of the first-line therapy alone, represented usu-
ally by al-blockers alone. Another reason may be the perception that these drugs
may cause a high increase of PVR and/or acute urinary retention (AUR). However,
published placebo-controlled, open-label and active-comparator studies showed
that anticholinergics are not associated with a substantial increase in risk of AUR. A
12 week safety study on men with mild-to-moderate BOO showed that tolterodine
increased the PVR (49 mL vs 16 mL) but not AUR (3% in both arms) [15]. The
urodynamic effects included larger bladder volumes at first detrusor contraction,
higher maximum cystometric capacity, and decreased bladder contractility index,
while Q... was unchanged. Thus, this trial indicated that short-term treatment with
antimuscarinics in men with BOO is safe [15]. Other several well designed, pla-
cebo-controlled studies, with longer follow-up, have evaluated the combination of
alpha-blockade and antimuscarinic therapy in men [101-103]. All these studies
showed a significant improvement in LUTS, and in OAB symptoms, with a very
low rate of AUR ranging from 0.9% to 1.8%. Data obtained by RCTs and systematic
reviews showed also that males underwent combination therapy had no relevant
reduction in maximum flow, nor significant increase in AUR rate, but higher inci-
dence of other side effects [101-111]. A recent RCT investigated the safety, in terms
of maximum detrusor pressure and Q,.,, of solifenacin (6 or 9 mg) associated with
tamsulosin in men with LUTS and BOO, compared with placebo [112]. The
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combination therapy was not inferior to placebo for the primary urodynamic vari-
ables, and Q,,,, was increased vs placebo [112]. In a meta-analysis of sixteen studies
with 3548 patients with BPH/OAB, initial combination treatment of an al-blocker
with anticholinergic medication improved storage symptoms and QoL compared to
al-blocker monotherapy, without causing significant deterioration of voiding func-
tion [106]. There was no difference in total IPSS and Q. between the two groups.
Effectiveness of combination therapy was found primarily in men with moderate-
to-severe storage LUTS [107]. Long-term use of combination therapy has been
reported in patients receiving treatment for up to a year, showing symptomatic
response is maintained, with a low incidence of AUR [108]. NEPTUNE Study
showed in men with moderate-to-severe storage symptoms, voiding symptoms, and
PVR < 150 mL, the reduction in symptoms using combination therapy, associated
with patient-relevant improvements in health-related quality of life (HRQoL) com-
pared with placebo and al-blocker monotherapy [109]. The European Urological
Association guidelines recommend the use of combination therapy—a-blockers
and antimuscarinic agents—in males with moderate-severe storage symptoms due
to the relevant improvement of storage symptoms and the low rate of complications.
Anyway, it is strongly recommended to not offer this combination therapy in males
with PVR > 150 mL [46].

Beta-3 adrenoceptors (mirabegron) are the predominant beta receptors expressed
in the smooth muscle cells of the detrusor and their stimulation is thought to induce
detrusor relaxation [88-91]. A meta-analysis of the RCT studies demonstrated that
mirabegron was significantly effective in treating the symptoms of OAB, including
frequency, urgency and urgency urinary incontinence [88-91], and in improving
patient perception of treatment benefit [113]. Anyway, the men enrolled in these
studies were only up to 30%. Complications on voiding phase have been reported as
very low (about 1%) [88-91, 113]. Beta-3 adrenoreceptors tolerability was reported
higher respect to antimuscarinic, with a discontinuation rate lower than that recorded
for the antimuscarinic agents. Anyway, long-term studies on the efficacy and safety
of mirabegron in men of any age with LUTS are not yet available.

Larger data and studies on the use of mirabegron in combination with other
pharmacotherapeutic agents for male LUTS are pending. To date, few data on com-
bination therapy are available from two studies [114, 115]. In an RCT evaluating
add-on therapy with mirabegron for OAB symptoms persisting after treatment with
tamsulosin 0.2 mg daily in men with BPO, combination therapy was associated
with greater improvements in OAB symptom score, in the urinary urgency and
daytime frequency and storage subscore of the IPSS, and in the QoL index com-
pared to monotherapy with tamsulosin [114]. A prospective analysis of 50 elderly
men showed that mirabegron add-on therapy was effective for patients whose per-
sistent LUTS and OAB symptoms were not controlled with a1-blocker monother-
apy, without causing negative effects on voiding function [115]. Further data on
long-term efficacy and safety of beta 3-adrenoreceptors and on combination ther-
apy are needed.
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6.7.4 Phosphodiesterase 5 Inhibitors

Phosphodiesterase 5 inhibitors (PDES5Is) have been recently assessed in the treat-
ment of men with LUTS, but only tadalafil 5 mg once daily has been licensed for
this therapy [46]. PDESIs increase intracellular cyclic guanosine monophosphate,
thus reducing smooth muscle tone of the detrusor, prostate and urethra. Nitric oxide
and PDES5Is might also alter reflex pathways in the spinal cord and neurotransmis-
sion in the urethra, prostate, or bladder [116]. Moreover, chronic treatment with
PDES5Is seems to increase blood perfusion and oxygenation in the lower urinary
tract [117]. Finally, PDES5Is could reduce chronic inflammation in the prostate and
bladder [118]. Anyway, the exact mechanism of PDE5Is on LUTS remains unclear.
Several RCTs have demonstrated that PDESIs reduce IPSS, storage and voiding
LUTS, and improve QoL. However, maximum flow rate did not significantly differ
from placebo in most trials [119-122]. A meta-analysis on phosphodiesterase 5
inhibitors showed that PDESIs improved IPSS and IIEF score, and slightly increase
maximum peak flow [123]. The meta-analysis was based on five RCTs (two studies
with tadalafil 20 mg, two with sildenafil 25 mg, and one with vardenafil 20 mg),
showing that combination therapy significantly improved IPSS score (—1.8), IIEF
score (+3.6), and Q. (+1.5 mL/s) compared with a-blockers alone. An open-label
urodynamic study of 71 patients showed improvements in both voiding and storage
symptoms, confirmed by improvements in BOO index (61.3-47.1; p < 0.001), and
resolution of DO in 15 (38%) of 38 patients. Maximum flow rate improved from 7.1
t0 9.1 mL/s (p <0.001) and mean IPSS from 18.2 to 13.4 [124]. Anyway, long-term
experience with tadalafil in men with LUTS is limited to one trial with a short fol-
low-up of 1 year [121]. A combination of PDES5Is and a-blockers has also been
evaluated. The effects of tadalafil 5 mg combined with finasteride 5 mg were
assessed in a 26-week placebo-controlled RCT [125]. The combination of tadalafil
and finasteride provided an early improvement in urinary symptoms (p < 0.022 after
4, 12 and 26 weeks), with a significant improvement of storage and voiding symp-
toms and QoL. Combination therapy was well tolerated and improved erectile func-
tion. The main side effects of PDESI reported were flushing, gastroesophageal
reflux, headache, dyspepsia, back pain, and nasal congestion, with a discontinuation
rate of 2% [126]. Phosphodiesterase 5 inhibitors are contraindicated in patients
using nitrates, the potassium channel opener nicorandil, or the a1-blockers doxazo-
sin and terazosin. They are also contraindicated in patients who have unstable
angina pectoris, have had a recent myocardial infarction (<3 months) or stroke (<6
months), myocardial insufficiency (New York Heart Association stage >2), hypo-
tension, poorly controlled blood pressure, significant hepatic or renal insufficiency,
or if anterior ischemic optic neuropathy with sudden loss of vision is known or was
reported after previous use of PDESIs [123]. The use of PDES5Is can be indicated in
men without specific cardiovascular risk factors, with moderate-to-severe LUTS,
with or without erectile dysfunction to improve LUTS and quality of life, but not, or
only slightly, the maximum peak flow.
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6.7.5 Plant Extracts: Phytotherapy

Herbal drug preparations are made of roots, seeds, pollen, bark, or fruits [46]. There
are single plant preparations (mono-preparations) and preparations combining two
or more plants in one pill (combination preparations). The most widely used plants
are Cucurbita pepo (pumpkin seeds), Hypoxis rooperi (South African star grass),
Pygeum africanum (bark of the African plum tree), Secale cereale (rye pollen),
Serenoa repens (syn. Sabal serrulata; saw palmetto) and Urtica dioica (roots of the
stinging nettle) [127]. Possible relevant compounds include phytosterols,
B-sitosterol, fatty acids, and lectins [127]. In vitro, plant extracts can have anti-
inflammatory, anti-androgenic and estrogenic effects; decrease sexual hormone
binding globulin; inhibit aromatase, lipoxygenase, growth factor-stimulated prolif-
eration of prostatic cells, a-adrenoceptors, 5 a-reductase, muscarinic cholinocep-
tors, dihydropyridine receptors and vanilloid receptors; and neutralize free radicals
[127-129]. The effects in vivo of these compounds are uncertain, and the precise
mechanisms of plant extracts remain unclear. Most of the data on these plant extracts
regard Serenoa repens, Pygeum africanum, and Secale cereale showing some posi-
tive effects on nocturia and maximum flow rate, with only some poor relevant gas-
trointestinal side effects [130—134]. Thereby, these treatments may be offer only to
men with mild urinary symptoms.

6.8  Surgical Treatments
6.8.1 General Considerations

Surgical treatments should be accurately counseled in men with coexisting BOO
and OAB. Surgical approach is usually indicated for male nonresponders to phar-
macological therapy, not fit for conservative management due to the side effects, or
with severe urinary symptoms and/or obstruction condition who request a treatment
as resolutive as possible. Patients should be counseled on the possibility that storage
symptoms could be persistent or return after surgical procedures.

It is known that surgical treatments (transurethral prostate resection, prostatec-
tomy, laser vaporization, laser enucleation) are well effective on voiding obstruc-
tive symptoms, but less successful on the OAB symptoms [46]. Transurethral
prostate resection (TUR-P) is still the gold standard, despite the introduction of
new endoscopic/surgical techniques [46]. After surgical treatments, in a short-term
follow-up (1 year) urgency persist in half of the males, while urgency urinary
incontinence continues in one-third of the patients [135]. In long-term follow-up,
after transurethral prostate resection (TURP), OAB symptoms returned in up to
two-thirds of the males [22]. Detrusor overactivity reduced after surgical proce-
dures to 30% in males assessed at 5-years follow-up. Urodynamic investigations
uncovered that long-term failure of surgical treatments was associated with
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detrusor overactivity in 64% of the men [136]. Thereby, in males with concurrent
BOO and OAB, an accurate counseling should be performed explaining the risk of
failure of surgery for the symptoms of overactive bladder, despite the success for
the voiding obstructive symptoms.

References

10.

11.

12.

13.

14.

15.

. Rosier PFWM, Schifer W, Lose G, Goldman HB, Guralnick M, Eustice S, et al. International

Continence Society good urodynamic practices and terms 2016: urodynamics, uroflowmetry,
cystometry, and pressure-flow study. Neurourol Urodyn. 2017;36(5):1243-60.

. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmstren U, et al. Standardisation

Sub-committee of the International Continence Society. The standardisation of terminol-
ogy of lower urinary tract function: report from the Standardisation Sub-committee of the
International Continence Society. Neurourol Urodyn. 2002;212(2):167-78.

. Kupelian V, Wei JY, O’Leary MP, Kusek JW, Litman HJ, Link CL, et al., BACH Survey

Investigators. Prevalence of lower urinary tract symptoms and effect on quality of life in a
racially and ethnic ally diverse random sample: the Boston area community health (BACH)
survey. Arch Intern Med. 2006;166(21):2381-7.

. D’Ancona C, Haylen B, Oelke M, Abranches-Monteiro L, Arnold E, Goldman H, et al. The

International Continence Society (ICS) report on the terminology for adult male lower uri-
nary tract and pelvic floor symptoms and dysfunction. Neurourol Urodyn. 2019;38:433-7.

. Eapen RS, Radomski SB. Review of the epidemiology of overactive bladder. Res Rep Urol.

2016;8:71-6.

. Irwin DE, Milsom I, Kopp P, Hunskaar S, Reilly K, Herschorn S, et al. Population-based

survey of urinary incontinence, overactive bladder and other lower urinary tract symptoms in
five countries: results of the EPIC study. Eur Urol. 2006;50(6):1306-15.

. Irwin DE, Abrams P, Milsom I, Kopp Z, Reilly K, EPIC Study Group. Understanding

the elements of overactive bladder: questions raised by the EPIC study. BJU Int.
2008;101(11):1381-7.

. Stewart WF, Van Rooyen JB, Cundiff GW, Abrams P, Herzog AR, Corey R, et al. Prevalence

and burden of overactive bladder in the United States. World J Urol. 2003;20(6):327-36.

. Coyne KS, Sexton CC, Vats V, Thompson C, Kopp ZS, Milsom I. National community

prevalence of overactive bladder in the United States stratified by sex and age. Urology.
2011;77(5):1081-7.

Milsom I, Abrams P, Cardozo L, Roberts RG, Thuroff J, Wein AJ. How widespread are the
symptoms of an overactive bladder and how are they managed? A population based preva-
lence study. BJU Int. 2001;87(9):760-6.

Lee JY, Kim HW, Lee SJ, Suh HJ, Chancellor MB. Comparison of doxazosin with or without
tolterodine in men with symptomatic bladder outlet obstruction and an overactive bladder.
BJU Int. 2012;109(12):817-20.

Kaplan SA, Roehrborn CG, Gomg J, Sun F, Guan Z. Add-on fesoterodine for residual storage
symptoms suggestive of overactive bladder in men receiving a a-blockers treatment for lower
urinary tract symptoms. BJU Int. 2012;109(12):1831-40.

Vuichoud C, Loughlin K. Benign prostatic hyperplasia: epidemiology, economics and evalu-
ation. Can J Urol. 2015;22(suppl 1):1-6.

Chapple CR, Herschorn S, Abrams P, Wang JT, Brodsky M, Guan Z. Efficacy and safety of tolt-
erodine extended-release in men with overactive bladder symptoms treated with an a-blocker:
effect of baseline prostate-specific antigen concentratrion. BJU Int. 2010;106(9):1332-8.
Abrams P, Kaplan S, De Koning Gans HJ, Millard R. Safety and tolerability of tolterodine for
the treatment of overactive bladder in men with bladder outlet obstruction. J Urol. 2006;175(3
Pt 1):999-1004. Discussion 1004



6 Bladder Outlet Obstruction and Overactive Bladder in Males 79

16.

17.

18.

19.
20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

de Nunzio C, Franco G, Rocchegiani A, lori F, Leonardo C, Laurenti C. The evolution of
detrusor overactivity after watchful waiting, medical therapy and surgery in patients with
bladder outlet obstruction. J Urol. 2003;169(2):535-9.

Thomas AW, Abrams P. Lower urinary tract symptoms, benign prostatic obstruction and the
overactive bladder. BJU Int. 2000;85(Suppl):57.

Gosling JA, Gilpin SA, Dixon J. Decrease in the autonomic innervation of human detrusor
muscle in outflow obstruction. J Urol. 1986;136:501.

Brading AF. A myogenic basis for the overactive bladder. Urology. 1997;50(6A Suppl):57-67.
Abrams P. Detrusor instability and bladder outlet obstruction. Neurolurol Urodyn. 1985;4:317.

. Harrison SCW, Hunnam GR, Farman P, Ferguson DR, Doyle PT. Bladder instability and

denervation in patients with bladder outflow obstruction. Br J Urol. 1987;60(6):519-22.
Cruz F, Desgrandchamps F. New concepts and pathophysiology of lower urinary tract symp-
toms in men. Eur Urol. 2010;9(Suppl 9):472-6.

Levin RM, Haugaard N, O’Connor L, Buttyan R, Das A, Dixon JS, et al. Obstructive response
of human bladder to BPH vs. rabbit response to partial outlet obstruction: a direct compari-
son. Neurolurol Urodyn. 2000;19:609-29.

Speakman MJ, Brading AF, Gilpin CJ, Dixon JS, Gilpin SA, Goslin JA. Bladder outlet obsr-
ruction — a cause of denervation supersensitivity. J Urol. 1987;138(6):1461-6.

Harrison SCW, Ferguson DR, Doyle PT. Effect of bladder outflow obstruction on ythew
innervation of the rabbit urinary bladder. Br J Urol. 1990;66:372.

Hampel C, Dolber PC, Smith MP, Savic SL, Thuroff JW, Thork KB, et al. Modulation of
bladder alphal-adrenergic receptor subtype expression by bladder outlet obstruction. J Urol.
2002;167(3):1513-21.

Nomiya M, Yamaguchi O. A quantitative analysis of mRNA expression of alpha 1 and beta-
adrenoreceptors subtypes and their functional roles in human normal and obstructed blad-
ders. J Urol. 2003;170:649-53.

Bing W, Chang S, Hypolite JA, Disanto ME, Zderic SA, Rolf L, et al. Obstruction-induced
changes in urinary bladder smooth muscle contractility: a role for rho kinase. Am J Physiol
Renal Physiol. 2003;285:F990-7.

Tse V, Wills E, Szonyi G, Khadra MH. The application of ultrastructured studies in the diag-
nosis of bladder dysfunction in a clinical setting. J Urol. 2000;163:535-9.

Drake MJ, Harvey 1J, Gillespie JI, Van Duyl WA. Localized contractions in the normal human
bladder and in urinary urgency. BJU Int. 2005;95:1002-5.

Steers WD, Ciambotti J, Etzel B, Erdman S, de Groat WC. Alterations in afferent pathways
from the urinary bladder of the rat in response to partial urethral obstruction. J Comp Neurol.
1991;310(3):401-10.

Steers WD, De Groat WC. Effect of bladder outlet obstruction on micturition reflex pathways
in the rat. J Urol. 1988;140:864.

Steers WD, Kolbeck S, Creedon D, Tuttle JB. Nerve growth factors in the urinary bladder of
the adult regulates neuronal form and function. J Clin Invest. 1991;88(5):1709-15.

Charrua A, Pinto R, Frias B, Cruz CD, Cruz F. TRPV 1 expression in the bladder is essential
for NGF-induced detrusor overactivity. Neurolurol Urodyn. 2009;28:99, abstract.

Ishizuka O, Ygawa Y, Lecci A, Maggi CA, Mattiasson A, Andersson KE. Role of intrathecal
tachykinins for micturition in unanesthetized rats with and without bladder outlet obstruction.
Br J Pharmacol. 1994;113(1):111-6.

Gu BJ, Ishizuca O, Igawa Y, Nishizawa O, Andersson KE. Role of supraspinal tachyki-
nins for micturition in conscious rats with and without bladder outlet obstruction. Naunyn
Schmiedeberg’s Arch Pharmacol. 2000;361(5):543-8.

Steers WD. Rat: overview and innervation. Neurolurol Urodyn. 1994;13:97-118.

Birder LA, de Groat WC. Mechanisms of disease: involvement of the urothelium in bladder
dysfunction. Nat Clin Pract Urol. 2007;4:46-54.

Meng E, Young JS, Brading AF. Spontaneous activity of mouse detrusor smooth muscle and
the effects of the urothelium. Neurourol Urodyn. 2008;27:79-87.



80

E. Rubilotta

40

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

. Maggi CA, Santicioli P, Parlani M, Astolfi M, Patacchini R, Meli A. The presence of mucosa
reduces the contractile response of the Guinea-pig urinary bladder to substance P. J] Pharm
Pharmacol. 1987;39:653-5.

Lips KS, Wunsch J, Zarghooni S, Bschleipfer T, Schukowski K, Weidner W, et al.
Acetylcholine and molecular components of its synthesis and release machinery in the uro-
thelium. Eur Urol. 2007;51:1042-53.

Wang EC, Lee JM, Johnson JP, Kleyman TR, Bridges R, Apodaca G. Hydrostatic
pressure-regulated ion transport in bladder uroepithelium. Am J Physiol Renal Physiol.
2003;285:F651-63.

Birder LA, Kanai AJ, de Groat WC, Kiss S, Nealen ML, Burke NE, et al. Vanilloid receptor
expression suggests a sensory role for urinary bladder epithelial cells. Proc Natl Acad Sci U
S A.2001;98(23):13396-401.

Birder LA, Nakamura Y, Kiss S, Nealen ML, Barrick S, Kanai AJ, et al. Altered urinary blad-
der function in mice lacking the vanilloid receptor TRPV 1. Nat Neurosci. 2002;5(9):856-60.
Shioyama R, Aoki Y, Ito H, Matsuta Y, Nagase K, Oyama N, et al. Long-lasting breaches in
the bladder epithelium lead to storage dysfunction with increase in bladder PGE2 levels in the
rat. Am J Physiol Regul Integr Comp Physiol. 2008;295(2):R714-8.

Gravas S, Cornu JN, Gacci M, Gratzke C, Herrmann TRW, Mamoulakis C, Rieken M,
Speakman MJ, Tikkinen KAO, Guidelines Associates: Karavitakis M, Kyriazis I, Malde S,
Sakalis V, Umbach R. Managemenmt of non-neurogenic male LUTS. EAU guidelines 2020.
Chapple C, Steers WD. Urologic principles and practice. 2nd ed. New York, NY: Springer.
Barry MJ, Fowler FJ Jr, O’Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust WK, et al. The
American Urologcal association symptom index for benign prostatic hyperplasia. The mea-
surement Committee of the American Urological Association. J Urol. 1992;148(5):1549-57.
Donovan JL, Peters TJ, Abrams P, Brookes ST, de la Rosette JJ, Schaefer W. Scoring the short
form ICSmaleSF questionnaire. Int Contin Soc J Urol. 2000;164(6):1948-55.

Coyne KS, Zycynski T, Margolis MK, Elinoff V, Roberts RG. Validation of an overactrive
bladder awareness tool for use in primary care settings. Adv Ther. 2005;22(4):381-94.
Blaivas J, Panagopoulos G, Weiss JP, Somaroo C. Validation of the overactive bladder symp-
tom score. J Urol. 2007;178(2):543-7.

Bosch J. Etiology, patient assessment and predicting outcome from therapy. International
consultation on urological diseases male LUTS guideline 2013.

Yap TL, Cromwell DC, Embereton M. A systematic review of the reliability of frequency-
volume charts in urological research and its implications for the optimum chart duration. BJU
Int. 2007;99(1):9-16.

Cornu JN, Abrams P, Chapple CR, Dmochowski RR, Lemack GE, Michel MC, et al. A con-
temporary assessment of nocturia: definition, epidemiology, pathophysiology, and manage-
ment: a systematic review and meta-analysis. Eur Urol. 2012;62(5):877-90.

Rubilotta E, Balzarro M, Bassi S, Trabacchin N, Righetti R, Curti P, et al. Nocturnal polyuria
in males with LUTS: prevalence and association with nocturia, IPSS and uroflowmetry. Eur
Urol Suppl. 2019;18(1):e1198 Abstract EAU19 886.

Roehrborn CG, Bartsch G, Kirby R, Anriole G, Boyle P, de la Rosette J, et al. Guidelines
for the diagnosis and treatment of benign prostatic hyperplasia: a comparative, international
overview. Urology. 2001;58(5):642-50.

Abrams P, Chapple C, Khoury S, Roehrborn C, de la Rosette J, International Consultation
on New Developments in Prostate Cancer and Prostate Diseases. Evaluation and treatment of
lower urinary tract in older men. J Urol. 2013;189(1 Suppl):S93-S101.

Oelke M, Hofner K, Jonmas U, de la Rosette JJ, Ubbink DT, Wijkstra H. Diagnostic accuracy
of noninvasive outlet obstruction in men: detrusor wall thickness, uroflowmetry, postvoid
residual urine, and prostate volume. Eur Urol. 2007;52(3):827-34.

McConnel JD, Rhoehrborn CG, Bautisata OM, Et Medical Therapy of Prostatic Symptoms
(MTOPS) Research Group. The long-term effect of doxazosin, finasteride, and combination
therapy on the clinical progression of benign prostatic hyperplasia. N Engl J Med.
2003;349(25):2387-98.



6 Bladder Outlet Obstruction and Overactive Bladder in Males 81

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Rhoehrborn CG. Alfuzosin 10 mg once daily prevents overall clinical progression of benign
prostatic hyperplasia but not acute urinary retention: results of a 2-year placebo controlled
study. BJU Int. 2006;97(4):734-1.

Rule AD, Jacobson DJ, McGree ME, Girman CJ, Lieber MM, Jacobsen SJ. Longitudinal
changes in post-void residual and voided volume among community dwelling men. J Urol.
2005;174(4 Pt 1):1317-21.

Sullivan MP, Yalla SV. Detrusor contractility and complicance characteristics in
adulkt male patients with obstructive and nonobstructive voiding dysfunction. J Urol.
1996;155(6):1995-2000.

Trabacchin N, Rubilotta E, Soldano A, Bassi S, Cerruto MA, Balzarro M. Role of preopera-
tive post void residual urine in males underwent TURP for lower urinary tract symptoms.
Neurourol Urodyn. 2019;38:S4-S68 Abstract 46.

Kranse R, van Mastrigt R. Causes of variability in repeated pressure-flow measurements.
Urology. 2003;61(5):930-y34.

Reynard JM, Yang Q, Donovan JL, Peters TJ, Shifer W, de la Rosette JJ, et al. The ICS-
‘BPH’ study: uroflowmetry, lower urinary tract symptoms and bladder obstruction. BrJ Urol.
1998;82:619.

Griffiths DJ. The mechanism of the urethra and of micturition. Br J Urol. 1973;45:497-507.
Schifer W. The contribution of the bladder outlet to the relation between pressure and flow
rate during micturition. In: Hinman Jr F, Boyarsky S, editors. Benign prostatic hypertrophy.
New York, NY: Springer Verlag; 1983. p. 470-96.

Schifer W. Urethral resistance? Urodynamic concepts of physiological and pathological
bladder outlet function during voiding. Neurourol Urodyn. 1985;4:161-201.

Abrams PH, Griffiths D. The assessment of prostatic obstruction from urodymnamic mea-
surements and from residual urine. Br J Urol. 1979;51:129-34.

Griffiths DJ. Pressure-flow studies of micturition. Urol Clin North Am. 1996;23:279-97.
Schifer W. Urodynamics of micturition. Curr Opin Urol. 1992;2:252-6.

Schifer W. Principles and clinical application of advanced urodynamic analysis of voiding
function. Urol Clin North Am. 1990;17:553-66.

Griffiths D, Hofner K, van Mastrigt R, Rollema HJ, Spangberg A, Gleason D. Standardisation
of terminology in lower urinary tract function: pressure-flow studies of voiding, urethral
resistance and urethral obstruction. Neurourol Urodyn. 1997;16(1):1-18.

Lim CS, Abrams P. The Abrams-Griffiths nomogram. World J Urol. 1995;13:34-9.

Abrams P. Bladder outlet obstruction index, bladder contractility index and bladder voiding
efficiency: three simple indices to define bladder voiding function. BJU Int. 1999;84:14-5.
Brown CT, Yap T, Cromwell DA, Rixon L, Steed L, Mulligan K, et al. Self management for men
with lower urinary tract symptoms: randomized controlled trial. BMJ. 2007;334(7583):25.
Netto NR Jr, de Lima ML, Netto MR, D’Ancona CA. Evaluation of patients with bladder
outlet obstruction and mild international prostate symptom score followed up by watchful
waiting. Urology. 1999;53(2):314-6.

Yap TL, Brown C, Cromwell DA, van der Meulen J, Emberton M. The impact of self-
management of lower urinary tract symptoms on frequency-volume chart measures. BJU Int.
2009;104(8):1104-8.

Chapple C. Systematic review of therapy for men with overactive bladder. Can Urol Assoc
J.2011;5(5 Suppl):S143-5.

Michel MC, Vrydag W. Alphal-, alpha 2- and beta adrenoreceptors in the urinary bladder,
urethra and prostate. Br J Pharmacol. 2006;147(Suppl 2):S88-119.

Kortmann BB, Floratos DL, Kiemeney LA, Wijkstra H, de la Rosette JJ. Urodynamic effects
of alpha-adrenoreceptor blockers: a review of clinical trials. Urology. 2003;62(1):1-19.
Andriole G, Bruchovsky N, Chung LW, Matsumoto AM, Rittmaster R, Roehrborn C, et al.
Dihydrotestosterone and the prostate: the scientific rationale for 5alpha-reductase inhibitors
in the treatment of benign prostate hyperplasia. J Urol. 2004;172(4 Pt 1):1399-403.



82

E. Rubilotta

83

84.

85.

86.

87
88

89.

90.

91.

92.

93.

94.

95.

96.
97.

98.

99.

100.

101.

. Michel MC, Mehlburger L, Bressel HU, Goepel M. Comparison of tamsulosin efficacy in
subgroups of patiemts with lower urinary tract symptoms. Prostate Cancer Prostatic Dis.
1998;1(6):332-5.

Roehrborn CG, Siami P, Barkin J, Damiao R, Major-Walker K, Morrill B, et al., CombAT
Study Group. The effects of dutasteride, tamsulosin and combination therapy on lower uri-
nary tract symptoms in men with benign prostatic hyperplasia and prostatic enlargement:
2-year results from the CombaAT study. J Urol. 2008;179(2):616-21.

Roehrborn CG, Siami P, Barkin J, Damiao R, Major-Walker K, Nandy I, et al., CombAT
Study Group. The effects of combination therapy with dutasteride and tamsulosin on clini-
cal outcomes in men with symptomatic benign prostatic hyperplasia: 4-year results from the
CombAT study. Eur Urol. 2010;57(1):123-31.

Roehrborn CG, Oyarzabal Perez I, Roos EP, Calomfirescu N, Brotherton B, Wang F, et al.
Efficacy and safety of a fixed-dose combination of dutasteride and tamsulosin treatment
(Duoart®) compared with watchful waiting with initiation of tamsulosin therapy if symptoms
do not improve, both provided with lifestyle advice, in the management of treatment-naive
men with moderately symptomatic benign prostatic hyperplasia: 2-year CONDUCT study
results. BJU Int. 2015;116(3):450-9.

. Gomelsky A, Dmoshowski R. Overactive bladder in males. Ther Adv Urol. 2009;1(4):209-21.
. Chapple CR, Kaplan SA, Mitcheson D, Klecka J, Cummings J, Drogendijk T, et al. 3 safety
and efficacy of mirabegron, a 3(3)-adrenoreceptor agonist, in overactive bladder. Eur Urol.
2013;63(2):296-305.

Herschorn S, Barkin J, Castro-Diaz D, Frankel JM, Espuna-Pons M, Gousse AE, et al. A
phase I1I, randomized, double-blind, parallel-group, placebo-controlled, multicenter study to
assess the efficacy and safety of the 33 adrenoreceptor agonist, mirabegron, in patients with
symptoms of overactive bladder. Urology. 2013;82(2):313-20.

Khullar V, Amarenco G, Angulo JC, Cambronero J, Hoye K, Milsom I, et al. Efficacy and
tolerability of mirabegron, a B(3)-adrenoreceptor: results from a randomized European-
Australian phase 3 trial. Eur Urol. 2013;63(2):283-95.

Nitti VW, Auerbach S, Martin N, Calhoun A, Lee M, Herschorn S. Results of a randomized
phase I trial of mirabegron in patients with overactive bladder. J Urol. 2013;189(4):1389-95.
Chess-Williams R, Chapple CR, Yamanishi T, Yasuda K, Sellers DJ. The minor population
of M3-receptors mediate contraction of human detrusor muscle in vitro. J Auton Pharmacol.
2001;21(5-6):243-8.

Matsui M, Motomura D, Karasawa H, Fujiawa T, Jiang J, Komiya Y, et al. Proc Natl Acad Sci
U S A. 2000;97(17):9579-84.

Kono M, Nakamura Y, Ishiura Y, Komatsu K, Kontani H, Namiki M. Central muscarinic
receptor subtypes regulating voiding in rats. J Urol. 2006;175(1):353-7.

Wuest M, Kaden S, Hakenberg OW, Wirth MP, Ravens U. Effect of rilmakalim on detru-
sor contraction in the presence and absence of urothelium. Naunyn Schmiedeberg’s Arch
Pharmacol. 2005;372(3):203-12.

Balwin CM, Keating GM. Transdermal oxybutynin. Drugs. 2009;69(3):327-37.

Goldfischer ER, Sand PK, Thomas H, Peters-Gee J. Efficacy and safety of oxybutynin gel
3% in patients with urgency and/or mixed urinary incontinence: a randomized, double-blind,
placebo-controlled study. Neurourol Urodyn. 2015;34(1):37-43.

Dmochowski R, Abrams P, Marsschall-Kehrel D, Wang JT, Guan Z. Efficacy and tolerability
of tolterodine extended release in male and female patients with overactive bladder. Eur Urol.
2007;51(4):1054-64.

Herschorn S, Jones JS, Oelke M, MacDiarmid S, Wang JT, Guan Z. Efficacy and tolerabil-
ity of fesoterodine in men with overactive bladder: a poled analysis of 2 phase III studies.
Urology. 2010;75(5):1149-55.

Kaplan SA, Walmsley K, Te AE. Tolterodine extended release attenuates lower urinary tract
symptoms in men with benign prostatic hyperplasia. J Urol. 2005;174(6):2273-5.
MacDiarmid SA, Peters KM, Chen A, Armstrong RB, Orman C, Aquilina JW, et al. Efficacy
and safety of extended-release oxybutynin in combination with tamsulosin for treatment of



6 Bladder Outlet Obstruction and Overactive Bladder in Males 83

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

lower urinary tract symptoms in men: randomized, double-blind, placebo-controlled study.
Mayo Clin Proc. 2008;83(9):1002-10.

Kaplan SA, Roehrborn CG, Rovner ES, Carlsson M, Bavendam T, Guan Z. Tolterodine and
tamsulosin for treatment of men with lower urinary tract symptoms and overactive bladder: a
randomized controlled trial. JAMA. 2006;296(19):2319-28.

Chapple C, Herschorn S, Abrams P, Sun F, Brodsky M, Guan Z. Tolterodine treatment
improves storage symptoms suggestive of overactive bladder in men treated with alpha-
blockers. Eur Urol. 2009;56(3):534-41.

Athanasopoulos A, Chapple C, Fowler C, Gratzke C, Kaplan S, Stief C, et al. The role of
antimuscarinic the management of the men with symptoms of overactive bladder associated
with concomitant bladder outlet obstruction: an update. Eur Urol. 2011;60(1):94-105.
Kaplan SA, Roehrborn CG, Abrams P, Chapple CR, Bavendam T, Guan Z. Antimuscarinics
for treatment of storage lower urinary tract symptoms in men: a systematic review. Int J Clin
Pract. 2011;65(4):487-507.

Kim HJ, Sun HY, Choi H, Park JY, Bae JH, Doo SW, et al. Efficacy and safety of initial com-
bination treatment of an alpha blocker with an anticholinergic medication in benign prostatic
hyperplasia patients with lower urinary tract symptoms: updated meta-analysis. PLoS One.
2017;12(1):e0169248.

Van Kerrebroeck P, Haab F, Angulo JC, Vik V, Katona F, Garcia-Hernandez A, et al. Efficacy
and safety of solifenacin plus tamsulosin OCAS in men with voiding and storage lower
urinary tract symptoms: results froma a phase 2, dose-finding study (SATURN). Eur Urol.
2013;64(3):398-407.

Drake MJ, Chapple C, Sokol R, Oelke M, Traudtner K, Klaver M, et al., NEPTUNE Study
Group. Long-term safety and efficacy of single-tablet combinations of solifenacin and tam-
sulosin oral controlled absorption system in men with storage and voiding lower urinary tract
symptoms: results from the NEPTUNE study and NEPTUNE II open-label extension. Eur
Urol. 2015;67(2):262-70.

Drake MJ, Sokol R, Coyne K, Hakimi Z, Nazir J, Dorey J, et al., NEPTUNE Study Group.
Responders and health-related quality of life analyses in men with lower urinary tract symp-
toms treated with a fixed-dose combination of solifenacin and tamsulosin oral-controlled
absorption system: results from the NEPTUNE study. BJU Int. 2016;117(1):165-72.

Drake MJ, Oelke M, Snijder R, Klaver M, Traudtner K, van Charldorp K, et al. Incidence of
urinary retention during treatment with single tablet combinations of solifenacin+tamsulosin
OCAS™ forup to 1 year in adult men with both storage and voiding LUTS: a subanalysis of the
NEPTUNE/NEPTUNE II randomized controlled studies. PLoS One. 2017;12(2):e0170726.
Gong M, Dong W, Huang G, Gong Z, Deng D, Qiu S, et al. Tamsulosin combined with solif-
enacin monotherapy for male lower urinary tytract symptoms: a meta-analysis. Curr Med Res
Opin. 2015;31(9):1781-92.

Kaplan SA, He W, Koltun WD, Cummings J, Schneider T, Fakhoury A. Solifenacin plus tam-
sulosin combination treatment in men with lower urinary tract symptoms and bladder outlet
obstruction: a randomized controlled trial. Eur Urol. 2013;63(1):158-65.

Sebastianelli A, Russo GI, Kaplan SA, McVary KT, Moncada I, Gravas S, et al. Systematic
review and meta-analysis on the efficacy and tolerability of mirabegron for the treatment of
storage lower urinary tract symptoms/overactive bladder: comparison with placebo and tolt-
erodine. Int J Urol. 2018;25(3):196-205.

Ichihara K, Masumori N, Fukuta F, Tsukamoto T, Iwasawa A, Tanaka Y. A randomized con-
trolled study of the efficacy of tamsulosin monotherapy and its combination with mirabegron
for overactive bladder induced by benign prostatic obstruction. J Urol. 2015;193(3):921-6.
Matsuo T, Miyata Y, Kakoki K, Yuzuriha M, Asai A, Ohba K, et al. The efficacy of mirabegron
additional therapy for lower urinary tract symptoms after treatment with a1-adrenergic recep-
tor blocker monotherapy: prospective analysis of elderly men. BMC Urol. 2016;16(1):45.
Giuliano F, Ukter S, Maggi M, Birder L, Kssel J, Viktrup L. The mechanism of action of
phosphodiesterase type 5 inhibitors in the treatment of lower urinary tract symptoms related
to benign prostatic hyperplasia. Eur Urol. 2013;63(3):503-16.



84

E. Rubilotta

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Morelli A, Sarchielli E, Comeglio P, Filippi S, Mancina R, Gacci M, et al. Phosphodiesterase
type 5 expression in human and rat lower urinary tyract tissues and the effect of tadalafil on pros-
tate gland oxygenation in spontaneously hypertensive rat. J Sex Med. 2011;8(10):2746-60.
Vignozzi L, Gacci M, Cellai I, Morelli A, Maneschi E, Comeglio P, et al. PDES inhibitors
blunt inflamamtion in human BPH: a potential mechanism of action for PDES5 inhibitors in
LUTS. Prostate. 2013;73(13):1391-402.

Oelke M, Giuliano F, Mirone V, Xu L, Cox D, Viktrup L. Monotherapy with tadalafil or
tamsulosin similarly improved lower urinary tract symptoms suggestive of benign prostatic
hyperplasia in an international, randomized, parallel, placebo-controlled trial. Eur Urol.
2012;61(5):917-25.

Oelke M, Shinghal R, Sontag A, Baygani SK, Donatucci CF. Time to onset of clinically
meaningful improvement with tadalafil 5 mg once daily for lower urinary tract symptoms
secondary to benign prostatic hyperplasia: analysis of data pooled from 4 pivotal, double-
blind, placebo controlled studies. J Urol. 2015;193(5):1581-9.

Donatucci CF, Brock GB, Goldfischer ER, Pommerville PJ, Elion-Mboussa A, Kissel JD,
et al. Tadalafil administered once daily for lower urinary tract symptoms secondary to benign
prostatic hyperplasia: a 1-year open-label extension study. BJU Int. 2011;107(7):1110-6.
Porst H, Oelke M, Goldfischer ER, Cox D, Watts S, Dey D, et al. Efficacy and safety of
tadalafil 5 mg once daily for lower urinary tract symptoms suggestive of benign prostatic
hyperplasia: subgroup analyses of pooled data from 4 multinational, randomized, placebo-
controlled clinical studies. Urology. 2013;82(3):667-73.

Gacci M, Corona G, Salvi M, Vignozzi L, McVarey KY, Kaplan SA, et al. A systematic
review and meta-analysis on the use of phosphodiesterase 5 inhibitors alone or in combina-
tion with a-blockers for lower urinary tract symptoms due to benign prostatic hyperplasia.
Eur Urol. 2012;61(5):994-1003.

Matsukawa Y, Majima T, Matsuo K, Funahashi Y, Kato M, Yamamoto T, et al. Effects of
tadalafil on storage and voiding function in patients with male lower urinary tract symp-
toms suggestive of benign prostatic hyperplasia: a urodynamic-based study. Int J Urol.
2018;25(3):246-50.

Casabé A, Roehrborn CG, Da Pozzo LF, Zepeda S, Henderson RJ, Sorsaburu S, et al. Efficacy
and safety of the coadministration of tadalafil once daily with finasteride for 6 months in men
with lower urinary tract symptoms and prostatic enlargement secondary to benign prostatic
hyperplasia. J Urol. 2014;191(3):727-33.

Gacci M, Salvi M, Sebastianelli A, Vignozzi L, Corona G, McVary KT, et al. The use of a
single daily dose of tadalafil to treat signs and symptoms of benign prostatic hyperplasia and
erectile dysfunction. Res Rep Urol. 2013;5:99-111.

Madersbacher S, Berger I, Ponholzer A, Marszalek M. Plant extracts: sense or nonsense?
Curr Opin Urol. 2008;18(1):16-20.

Buck AC. Is there a scientific basis for the therapeutic effects of serenoa repens in benign
prostatyic hyperplasia? Mechanism of action. J Urol. 2004;172(5 Pt 1):1792-9.

Levin RM, Das AK. A scientific basis for the therapeutic effects of Pygeum africanum and
Serenoa repens. Urol Res. 2000;28(3):201-9.

Tacklind J, Macdonald R, Rutks I, Stanke JU, Wilt TJ. Serenoa repens for benign prostatic
hyperplasia. Cochrane Database Syst Rev. 2012;12:CD001423.

Novara G, Giannarini G, Alcazar A, Cozar-Olmo JM, Descazeaud A, Montorsi F, et al.
Efficacy and safgety of Hexanic Lipidosterolic extract of Serenoa repens (permixon) in the
treatment of lower urinary tract symptoms due to benign prostatic hyperplasia: systematic
review and meta-analysis of randomized controlled trials. Eur Urol Focus. 2016;2(5):553-61.
Vela-Navarret R, Alcazar A, Rodriguea-Antolin A, Minana Lopez B, Fernandez-Gomez JM,
Angulo JC, et al. Efficacy and safety of a hexanic extract of Serenoa repens (permixon) for
the treatment of lower urinary tract symptoms associated with benign prostatic hyperpla-
sia (LUTS/BPH): systematic review and meta-analysis of randomised controlled trials and
observational studies. BJU Int. 2018;122(6):1049-65.



6 Bladder Outlet Obstruction and Overactive Bladder in Males 85

133.

134.

135.

136.

Wilt T, Ishani A, Mac Donald R, Rutks I, Stark G. Pygeum africanum for benign prostatic
hyperplasia. Cochrane Database Syst Rev. 2002;1:CD001044.

Wilt T, Mac Donald R, Ishani A, Rutks I, Stark G. Cernilton for benign prostatic hyperplasia.
Cochrane Database Syst Rev. 2000;2:CD001042.

Neal DE, Ramdsen PD, Sharples L, Smith A, Powell PH, Stylesw PA, et al. Outcome of elec-
tive prostatectomy. BMJ. 1989;299(6702):762-7.

Thomas AW, Cannon A, Bartlett E, Ellis-Jones J, Abrams P. The natural history of lower
urinary tract dysfunction: minimum 10-year urodynamic follow-up of transurethral resection
of prostate for bladder outlet obstruction. J Urol. 2005;174:1887-91.



	6: Bladder Outlet Obstruction and Overactive Bladder in Males
	6.1	 Definition
	6.2	 Epidemiology
	6.3	 Pathophysology
	6.4	 Diagnosis
	6.4.1	 General Considerations

	6.5	 Management
	6.5.1	 General Considerations

	6.6	 Conservative Treatments
	6.6.1	 General Considerations

	6.7	 Pharmacological Treatments
	6.7.1	 General Considerations
	6.7.2	 α1-Blockers and 5α-Reductase
	6.7.3	 Antimuscarinic Agents and Beta-3 Adrenoreceptors
	6.7.4	 Phosphodiesterase 5 Inhibitors
	6.7.5	 Plant Extracts: Phytotherapy

	6.8	 Surgical Treatments
	6.8.1	 General Considerations

	References




