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Abstract Bladder dysfunction is common in the general pop-
ulation (Stewart et al. 2010) and even more so among patients
seeing a physician for any reason (Goepel et al. 2002). It often
manifests as lower urinary tract symptoms (LUTS), a term
originally coined to describe voiding and storage symptoms
in men with benign prostatic hyperplasia (BPH) but nowmore
universally used to describe any type of voiding and storage
symptoms in both sexes. Studies into possible causes of uri-
nary bladder dysfunction have long focused on detrusor
smooth muscle cells (Turner and Brading 1999). More recent-
ly, it became clear that several other types of cells and organs
contribute to regulating detrusor smooth muscle function.
These include the urothelium (Andersson and McCloskey
2014; Michel 2015), afferent nerves (Michel and Igawa
2015; Yoshimura et al. 2014b), and the central and autonomic
nervous systems (Fowler and Griffiths 2010; Yoshimura et al.
2014a). Alterations in any of these may at least partly be
responsible for detrusor dysfunction and, accordingly, be po-
tential targets for the treatment of bladder dysfunction. As
highlighted by an article in this issue of Naunyn-
Schmiedeberg’s Archives of Pharmacology (Bayrak et al.
2015), there is an additional suspect, the bladder vasculature.
This article will discuss the currently available experimental
and clinical evidence for a role of the vasculature in causing

bladder dysfunction, and how existing and emerging treat-
ments may modulate bladder function by acting on blood
vessels. Due to a similarity in concept, data on prostate perfu-
sion will also be discussed to some extent.

Physiology of bladder perfusion

The urinary bladder receives its blood supply from a fanlike
ramification of the internal iliac artery. This ramification
shows sexual dimorphism and is highly inconsistent between
individuals. Studies in the general circulation have shown that
the specific receptors expressed in vascular smooth muscle
and endothelium controlling vascular tone may differ consid-
erably between vascular beds. For instance, among the
adrenoceptors, the subtypes of α1- and of β-adrenoceptors
contributing to vasoconstriction and vasodilation, respective-
ly, can differ between specific vessels under investigation and
also between species (Guimaraes and Moura 2001). Among
the α1-adrenoceptors, generally the role of the α1A-subtypes
tends to be greatest in small vessels (Chen et al. 1996, 1997),
whereas other subtypes may play a bigger role in larger ves-
sels (Rudner et al. 1999). However, little information is avail-
able on the receptor systems specifically controlling the tone
of blood vessels providing perfusion of the bladder. The α1A-
adrenoceptors, perhaps in its α1L-phenotype, may mediate
contraction of small arteries in the porcine prostate (Recio
et al. 2008).

Vascular tone depends on the balance between receptors on
the vascular smooth muscle cells and those on endothelial
cells. For example, vasoconstriction of mouse retinal arteri-
oles in response to phenylephrine only becomes detectable
upon endothelial damage (Böhmer et al. 2014), indicating that
α1-adrenoceptors are expressed in both smooth muscle and
endothelium of this vessel where theymediate opposite effects

* Martin C. Michel
marmiche@uni-mainz.de

1 Department of Pharmacology, Johannes Gutenberg Universität,
Obere Zahlbacher Str. 67, 55101 Mainz, Germany

2 Centre for Urology Research, Faculty of Health Sciences &
Medicine, Bond University, Queensland, Australia

3 Department of Pharmacology, Theravance Biopharma, South San
Francisco, CA, USA

Naunyn-Schmiedeberg's Arch Pharmacol (2015) 388:687–694
DOI 10.1007/s00210-015-1137-y



on vascular tone. Similarly, B2 bradykinin receptors are large-
ly found in endothelium in large vessels, but mostly in smooth
muscle in arterioles including those of the urinary bladder
(Figueroa et al. 2001).

Similar to intramural vessels of the heart, the diameter of
those in the bladder is regulated passively by the filling state of
the organ. Early in the micturition cycle, bladder perfusion can
initially increase with bladder filling; however, as the mictu-
rition cycle continues, high physiological filling of the bladder
can compress the blood vessels in the bladder wall (Goi et al.
2013; Kershen et al. 2002; Nomiya et al. 2012b). The mech-
anisms regulating bladder perfusion beyond passive vessel
compression have not been defined in great detail, but spon-
taneous contractions of suburothelial venule pericytes have
been described (Hashitani et al. 2012). Nitric oxide (NO) ap-
pears to cause vasodilatation mainly for mucosal vessels and
less so for those of the detrusor (Pontari and Ruggieri 1999).

Effects of short-term hypoperfusion/ischemia
of the bladder

Valid analysis of the relationship between perfusion and func-
tion of the bladder requires models in which both can be mon-
itored and manipulated quantitatively and effects of extrinsic
variables beminimized.Models allowing this have been report-
ed (Parsons et al. 2012), but not all studies in the field fulfill
these criteria. One experimental approach to explore the role of
perfusion in the regulation of bladder function is imposing
short periods of hypoperfusion or even ischemia. In a setting
close to the physiological situation, bladder blood flow can be
reduced by short periods of bladder over-distension, which
particularly affects submucosal capillaries. Removal of the
over-distension only partly restored capillary blood flow; how-
ever, a full recovery was observed in rats pre-treated with
tamsulosin, providing initial evidence for a role of α1-
adrenoceptors in the hypoperfusion-induced damage (Mizuno
et al. 2010). Along with the only partially restored perfusion, a
shortening of micturition intervals was observed, which also
was ameliorated by tamsulosin treatment, indicating that hypo-
perfusion affected bladder function. Of note, tamsulosin did not
alter basal bladder blood flow in this model, indicating a lack of
tonic activation of the involvedα1-adrenoceptors in the bladder
vasculature in healthy rats (Okutsu et al. 2011).

In other models, acute hypoperfusion is induced by
clamping of blood vessels supplying the bladder. Such acute
ischemia reduced the contractile bladder response to field
stimulation and to a lesser extent to the receptor agonist car-
bachol or the receptor-independent stimulus KCl, suggesting
that both smooth muscle function and neuronal transmitter
release were affected (Levin et al. 2000). A similar observa-
tion was made upon bladder outlet obstruction (BOO) for 1–
7 days, which reduced bladder contraction in response to field

stimulation more than that in response to carbachol, ATP, or
KCl; in that model, the difference between response to field
stimulation and various agonists was at least partly explained
by some degree of denervation (Barendrecht et al. 2007).

Effects of chronic hypoperfusion of the bladder

While the above data with acute or short-term intervention
illustrate the concept that hypoperfusion may impair bladder
function, models of chronic hypoperfusion probably have
greater pathophysiological relevance. The two main ap-
proaches which have been applied are those of artery ligation
and those of atherosclerosis. The first approach has shown that
the bladder vasculature exhibits some degree of plasticity, i.e.,
the initial reduction of bladder perfusion after iliac artery liga-
tion partly recovers within 4 weeks (Ishida et al. 1999).
However, changes in perfusion have been shown to influence
both structure and function in the lower urinary tract, with a
recent study using stenosis of the vena cava in rats observing
prostatic enlargement, histological signs of BPH, and
urodynamic evidence of bladder overactivity after 4–6 weeks
of hypoperfusion (Kirpatovskii et al. 2015).

Several atherosclerosis models have been applied in studies
of bladder perfusion and function. One model uses rabbits
receiving a high-cholesterol diet alone or in combination with
balloon injury of the endothelium of the iliac arteries. This
model caused a reduced perfusion of the bladder wall and also
bladder fibrosis (Azadzoi et al. 1999b). Follow-up work by
these investigators leveraged the observation that the degree
of atherosclerosis and perfusion impairment differed between
individual rabbits. Severe ischemia was associated with im-
paired bladder contractility in vivo and in vitro, i.e., detrusor
underactivity, whereas moderate ischemia was associated with
increased contractile bladder responses to carbachol or field
stimulation in vitro and increased bladder activity in vivo, i.e.,
caused detrusor overactivity (Azadzoi et al. 1999a). Detrusor
overactivity in this rabbit atherosclerosis model was associat-
ed with an enhanced role of afferent nerves (Azadzoi et al.
2008), cyclic ischemia-reperfusion with bladder filling
(Azadzoi et al. 2010), and increased expression of hypoxia-
inducible factor-1α, transforming growth factor-β, and nerve
growth factor (Azadzoi et al. 2011). Moreover, this was ac-
companied by partial bladder denervation (Azadzoi et al.
2007, 2010, 2011). If partial bladder denervation indeed oc-
curs both with atherosclerosis and with BOO (Barendrecht
et al. 2007), the possibility arises that co-existence of these
two factors may lead to an exaggerated response.

Several rat models have also been used to explore the ef-
fects of atherosclerosis on bladder function, but have been
studied in less detail than the rabbit model. Applying the com-
bination of a high-cholesterol diet with balloon injury to the
iliac artery in rats confirmed many findings from the rabbit
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model (Nomiya et al. 2012a, 2012b). In those studies, athero-
sclerosis was reported not only for the iliac arteries abut also
for bladder microvessels. Similar to the rabbit model, bladder
filling caused greater reductions in blood flow in atheroscle-
rotic than in control rats. Atherosclerosis enhanced the expres-
sion of inflammatory cytokines, increased oxidative stress,
and functionally led to increased voiding frequency. These
investigators also compared the effects of a high-cholesterol
diet to rats for 8 weeks combined with either iliac artery bal-
loon injury, treatment with the NO synthase inhibitor NG-ni-
tro-L-arginine methyl ester (L-NAME) or both, to rats receiv-
ing none of the three interventions (Nomiya et al. 2014).
While L-NAME alone did not change wall thickness of the
iliac artery, this was increased by balloon injury and further
increased by L-NAME plus balloon injury. All three interven-
tions reduced in vitro contractile bladder responses to carba-
chol, ATP, and KCl which consistently were least pronounced
with L-NAME and most pronounced with L-NAME plus ar-
terial injury. In vivo, micturition interval, bladder capacity,
and voided volume were reduced by either L-NAME or bal-
loon injury but increased by their combination; maximum
pressure and bladder compliance were not altered by either
treatment, whereas only combination treatment increased re-
sidual volume. Collagen content in the bladder muscle layer
was increased by balloon injury irrespective of concomitant L-
NAME treatment.

Finally, some investigators have used a genetically
engineered mouse model of atherosclerosis, the apolipopro-
tein E knock-out mouse. This model did not exhibit alterations
of bladder contraction responses in vitro (Shenfeld et al.
2005), but upon concomitant knock-out of the genes for apo-
lipoprotein E and the low density lipoprotein receptor,
detrusor overactivity was observed (Bschleipfer et al. 2015).

BOO, leading to bladder hypertrophy, is a model in which
bladder perfusion can be chronically reduced independent of
atherosclerosis and may be representative for men with en-
larged prostates. In pigs, BOO increased detrusor pressure
during voiding and enhanced the associated reductions of
blood flow (Greenland and Brading 2001). In rabbits, 2 weeks
of BOO caused greater reductions of bladder blood flow and
increases of hypoxia than a 2-h period of ischemia (Lin et al.
2011). The relevance of these findings for patients was indi-
cated by the observation that expression of hypoxia-inducible
factor in muscle bundles and submucosa was found in men
with prostatic enlargement, presumably causing some degree
of BOO, but not in controls (Koritsiadis et al. 2008). An in-
teresting, although not fully conclusive, extension of this con-
cept comes from studies in men with BPH; some of them
exhibit persistent detrusor overactivity after prostatectomy,
and these had a higher bladder vascular resistance index than
those without bladder overactivity (Mitterberger et al. 2007).

The above studies demonstrate that atherosclerosis and oth-
er models of bladder hypoperfusion are associated with

bladder dysfunction in various animal models. Similarly, the
resistive index of capsular arteries of the prostate has been
linked to symptoms of bladder outlet obstruction in men with
benign prostatic enlargement (Zhang et al. 2012). Bladder
hypoperfusion leads to detrusor overactivity in many settings,
but severe forms can cause detrusor underactivity

A study in this issue of the journal (Bayrak et al. 2015)
expands our knowledge in two ways. Firstly, this study treated
rats with a high-cholesterol diet for 4 weeks during which
plasma cholesterol doubled but atherosclerosis as assessed
by histological examination of the aorta did not yet develop,
i.e., the model represented a very early stage in the develop-
ment of atherosclerosis. Second, they explored effects of this
intervention not only on bladder contractility but also on the
ability of β-adrenoceptor agonists to cause detrusor relaxa-
tion. In this model of a relatively mild pathology, in vivo blad-
der function exhibited only minor if any alteration; moreover,
frequency and amplitude of spontaneous contractions as well
as peak contractile responses to carbachol were not altered in
isolated bladder strips. On the other hand, the maximum re-
laxation responses to isoprenaline were enhanced in both
groups of rats in the presence of the M2-preferring antagonist
methoctramine, and in the presence ofmethoctramine isopren-
aline caused similar maximum relaxation in both groups.
These findings indicate that a relatively short period of hyper-
cholesterolemia may not affect the M3-mediated direct con-
tractile responses to carbachol, but may already enhance the
function of relaxation-inhibiting M2 receptors (Witte et al.
2011), thereby indirectly impairing β-adrenoceptor-mediated
detrusor relaxation. As relaxation of rat detrusor is mediated
by a combination of β2- and β3-adrenoceptors, which may be
regulated differently in the bladder (Michel 2014), the authors
also studied relaxation by the β2-agonist salbutamol and the
mildly β3-selective agonist BRL 37,344 and found that both
exhibited slightly enhanced relaxation responses in the pres-
ence of methoctramine in rats with hypercholesterolemia in
comparison to those without; however, these findings are dif-
ficult to interpret as responses to isoprenaline were not
enhanced.

Clinical associations between atherosclerosis risk
factors and bladder dysfunction

The above findings in multiple animal models establish that
hypoperfusion and resulting hypoxia of the bladder may affect
its function. In early and/or mild-to-moderate stages, this may
lead to detrusor overactivity and in late and/or severe stages to
detrusor underactivity, as specifically shown in atherosclerosis
models. This situation is similar to that seen in experimental
diabetes where mild forms and/or early stages are associated
with overactivity, whereas late stages or severe forms can lead
to underactivity (Golbidi and Laher 2010; Michel and
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Barendrecht 2008). Important causes of atherosclerosis in pa-
tients include long-standing arterial hypertension, dyslipid-
emia, and diabetes. While we are not aware of clinical studies
directly exploring associations between atherosclerosis and
bladder dysfunction or male LUTS, several clinical studies
have explored possible associations between atherosclerosis
risk factors such as hypertension, hyperlipidemia, metabolic
syndrome, and diabetes on the one hand and bladder dysfunc-
tion and male LUTS on the other. In this regard, it should be
noted that the definition of LUTS in men in most studies did
not allow clear discrimination between those associated with
BPH versus those associated with OAB. This is important as
the risk factors being associated with LUTS may differ be-
tween genders (Coyne et al. 2009).

Studies testing an association of OAB/LUTS with hyper-
tension in a female or mixed gender population have yielded
mixed results. Among 1724 men and 812 women participat-
ing in a health screening project, the association of LUTS,
assessed as International Prostate Symptom Score (IPSS),
with the vascular risk factors of hypertension, hyperlipidemia,
diabetes, and nicotine use were explored (Ponholzer et al.
2006). Among men, IPSS scores were the same (6.6) for those
with no, or just one, risk factor, but increased to 7.7 in those
with two or more risk factors; among women, IPSS increased
from 4.8 in those with no risk factor to 5.7 and 7.0 in those
with one or with two or more risk factors, respectively. We
have recently performed a pre-planned secondary analysis of
the pre-treatment data of a post-marketing surveillance study
of the muscarinic receptor antagonist solifenacin; in this study,
including 4450men and women with OAB symptoms, we did
not detect an association of the presence of hypertension with
the intensity of OAB symptoms (Ochodnicky and Michel,
unpublished observation). Finally, the largest mixed gender
study comes from an internet-based survey of about 30,000
participants in the US, UK, and Sweden (EpiLUTS Study) in
which the presence of combined voiding, storage, and post-
micturition symptoms was associated with several comorbid
conditions including hypertension in both genders (Coyne
et al. 2009).

Following contradictory reports from several small cohorts,
associations between LUTS and hypertension have also been
explored in larger groups of men with suspected BPH. In the
pre-treatment data of an observational study among 9857 men
going to receive tamsulosin treatment, IPSS and presence of
hypertension were associated; the IPSS difference attributed
to presence of hypertension was quantitatively similar to that
of a 12-year age difference with the same dataset (Michel et al.
2004). Similarly, among 2372 men participating in the
NHANES III study, a history of hypertension was associated
with an odds ratio of 1.76 for the presence of LUTS
(Rohrmann et al. 2005). However, such associations were not
observed in some other cohorts. Thus, among 1206 mean in
the comparison arm of the Air Force Health Study, greater

systolic blood pressure was not associated with an increased
risk of clinically diagnosed BPH (Gupta et al. 2006). Similarly,
among 1103 randomly selected, community-dwelling men
from Australia, neither storage nor voiding LUTS were asso-
ciated with systolic or diastolic blood pressure (Martin et al.
2011). Thus, associations between male LUTS and hyperten-
sion were reported inconsistently and hence are inconclusive.
However, it is noteworthy that they were found in the larger
studies includingmenwith LUTS, but absent in smaller studies
not selecting participants for the presence of LUTS. This may
point to an association which is not strong enough to be ob-
served unless the cohorts are very large and/or enriched in men
with LUTS.

Interestingly, sympathetic nervous system overactivity has
been reported in men with LUTS and in a frequently used
animal model of hypertension, the spontaneously hyperten-
sive rat (McVary et al. 2005). Spontaneously hypertensive rats
also exhibit detrusor overactivity, and the blood pressure and
bladder phenotypes of this model co-segregated in cross-
breeding studies (Clemow et al. 1999). Both phenotypes
may be linked to increased expression of nerve growth factor
(Ochodnicky et al. 2011). Moreover, it has been reported that
SHR exhibit a lower basal bladder perfusion than normoten-
siveWistar Kyoto rats, a frequently used control strain in SHR
studies; treatment of SHR with doxazosin increased perfusion
and expression of NO synthase (which chronically may facil-
itate perfusion), whereas treatment with nifedipine did not
(Yono et al. 2007). The study also showed reduced prostate
perfusion in SHR, a finding confirmed in a separate study
(Saito et al. 2014). In the latter study, treatment with nicorandil
restored prostate perfusion and concomitantly reduced the el-
evated expression of hypoxia-inducible factor 1α,
transforming growth factor β1, and basic fibroblast growth
factor.

Hyperlipidemia, specifically an increased plasma total or
LDL cholesterol, is another risk factor for the development of
atherosclerosis. A recent systematic review of associations
between female LUTS and metabolic syndrome or compo-
nents thereof identified four studies exploring such associa-
tions for hyperlipidemia, of which three found no significant
association and one increased odds for OAB in women with
hyperlipidemia (Bunn et al. 2015). Among similar studies in
men, one comparing 120 men with and 285 without LUTS,
total, HDL, and LDL cholesterol as well as triglyceride levels
measured after an overnight fast did not differ significantly
between groups (Rohrmann et al. 2005). However, among
1103 randomly selected, community-dwelling men from
Australia, linear associations between storage LUTS and low
HDL cholesterol were observed (Martin et al. 2011). In a
follow-up analysis of this cohort, greater HDL cholesterol
and lower triglycerides were associated with improvement of
storage LUTS, whereas lower HDL cholesterol at baseline
was associated with progression of LUTS (Martin et al. 2014).
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Other studies have explored associations between presence
and/or intensity of male LUTS and diabetes. Among mixed
gender studies, presence of diabetes was associated with ex-
tent of LUTS in both genders in the EpiLUTS Study, although
it was driven by different symptoms in each gender (Coyne
et al. 2009). Among studies in men, several small early studies
had yielded inconsistent results (Michel et al. 2000). In prob-
ably the largest study which was based on 9856 men with
clinically diagnosed BPH, increasing IPSS was associated
with a higher odds ratio for having a diagnosis of diabetes;
conversely, men with diabetes had a greater IPSS and a small-
er maximum urine flow rate (Michel et al. 2000). Among 1103
Australian men, a linear association between storage LUTS
and plasma glucose was observed (Martin et al. 2011). Among
1206 participants of the control arm of the Air Force Health
Study, a higher fasting blood glucose was associated with a
greater risk for a diagnosis of BPH, but the relative risk was
close to 1 (1.004; 95 % confidence interval 1.001–1.007)
(Gupta et al. 2006). In the NHANES III study, a history of
diabetes was associated with a numerically increased odds
ratio for LUTS (1.67; 95 % confidence interval 0.72–3.86),
but no significant associations were seen with increasing gly-
cosylated hemoglobin or fasting 2-h glucose or insulin levels
(Rohrmann et al. 2005). Among participants of the
Osteoporotic Fractures in Men study, presence of diabetes
and quartile distribution of fasting glucose and insulin did
not differ between men with and without LUTS (n=524 and
1171, respectively) (Parsons et al. 2011). Among 217 men
undergoing prostatectomy, fasting glucose levels were not as-
sociated with prostate volume (Gacci et al. 2013). Taken to-
gether, these studies do not yield an unequivocal picture, but
the weight of the evidence points to an association between
diabetes and presence and/or severity of LUTS, particularly
male LUTS, but the strength of the association may be too
small to allow robust detection. A similar conclusion has re-
cently been reached by other investigators, who also proposed
a mechanistic basis for such associations (Breyer and Sarma
2014). Of note, earlier work in experimental animals had also
provided evidence for a mechanistic basis for an association
between insulin resistance and BPH (Vikram et al. 2010).
However, it should be noted that animal studies suggest that
detrusor overactivity observed in mild and/or early stages of
diabetes may turn into underactivity in late and/or severe
forms (Golbidi and Laher 2010). If a similar situation exists
in patients, studies not taking duration and severity of diabetes
into account may have missed associations due to cases of
over- and underactivity at least partial cancelling each other.

Taken together, no fully consistent picture has emerged for
associations between risk factors of atherosclerosis (hyperten-
sion, dyslipidemia, diabetes) and LUTS. Possible reasons for
such inconsistency include small sample sizes, different defini-
tions of bladder dysfunction, and different definitions and as-
sessments of dyslipidemia and diabetes. Moreover, most of the

evidence comes from epidemiological studies or case series
which did not attempt to measure lower urinary tract perfusion,
something that is difficult to do and probably impractical in
large studies. Another potential explanation for the inconsistent
associations in humans as compared to the compelling evi-
dence from animal studies, particularly in atherosclerosis
models, is the direct demonstration of atherosclerosis in the
animal models, but only the presence of risk factors for athero-
sclerosis in the human studies. This problem may be aggravat-
ed by the fact that dyslipidemia and diabetes often co-exist as
part of the metabolic syndrome. Indeed, some studies in which
dyslipidemia and/or diabetes had only small if any effects ob-
served tighter associations and/or greater effect sizes when
LUTS were compared to presence of the metabolic syndrome
(Gupta et al. 2006; Rohrmann et al. 2005). Associations be-
tween intensity of male LUTS and presence of the metabolic
syndrome were also observed from the Boston Area
Community Health (BACH) Survey (Kupelian et al. 2009).
In line with these clinical findings, bladder dysfunction has also
been reported in rat models of metabolic syndrome (Chung
et al. 2013; Lee et al. 2008). In line with others (Bunn et al.
2015; Kirby et al. 2010), we conclude that metabolic syndrome
apparently exhibits a more robust association with LUTS than
its individual components of dyslipidemia and diabetes.

Effects of therapeutics on bladder perfusion

The above studies establish associations between hypoperfu-
sion and bladder dysfunction, specifically of detrusor overac-
tivity in experimental animals. However, perhaps clinically
more relevant are two other questions: Do existing effective
treatments of OAB and/or male LUTS also affect bladder
perfusion?Will drugs targeting bladder and prostate perfusion
affect the function of these organs? Until now, only limited
evidence is available in this regard.

Indeed, several agents with proven beneficial effects in the
treatment of OAB and/or male LUTS have been shown to
increase bladder and/or prostate perfusion. For example, in a
rat BOO model, treatment with tamsulosin restored perfusion
and increased voided volume (Okutsu et al. 2010). Such find-
ings were confirmed by other investigators using a different
experimental approach (Mine et al. 2013). Another α1-
adrenoceptor antagonist, silodosin, restored bladder perfusion
in spontaneously hypertensive rats, which exhibit an OAB-
like phenotype (Inoue et al. 2012). Silodosin was also reported
to improve bladder flow and voiding frequency in a rat ath-
erosclerosis model (Goi et al. 2013). In a series of 30 consec-
utive men with LUTS and unsatisfied with their symptom
improvement during α-blocker treatment, a 24-week add-on
treatment with dutasteride reduced prostate size, improved
LUTS, and reduced the bladder vascular resistive index
(Wada et al. 2015). Within this study the 20 men reporting
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persisting urgency, bladder perfusion was improved to a
smaller degree than in the 10 without urgency.

A more difficult but potentially more relevant question is
whether vasodilators will improve LUTS. The rho-kinase in-
hibitor Y 27,632 is a known vasodilator, at least in hyperten-
sive animals, and along with a reduction of systemic blood
pressure reduced detrusor overactivity in spontaneously hy-
pertensive rats (Rajasekaran et al. 2005); however, this may
reflect direct effects of rho-kinase inhibition on detrusor
smooth muscle function (Peters et al. 2006). Possibly more
interesting are findings with nicorandil, which reduced pros-
tate weight and increased prostate perfusion in SHR in the
absence of effects on systemic blood pressure (Saito et al.
2014). Limited clinical data show that a combination of the
α1-adrenoceptor antagonist terazosin and the Ca2+-entry
blocker amlodipine yielded superior blood pressure and
LUTS reduction than either monotherapy in a group of 355
men (Liu et al. 2009).

Conclusions

Recent years have provided sound evidence in experimental
animals that chronic reduction of bladder perfusion can cause
detrusor overactivity, which when severe and/or long lasting
can turn into underactivity. Human data in this regard are less
consistent but point in a similar direction. Moreover, at least
some drugs effective in LUTS treatment also have been
shown to improve bladder perfusion, and vasodilators may
beneficially affect bladder and/or prostate function.While the-
se data are promising, a definitive analysis of the role of blad-
der perfusion in the occurrence and, more importantly, treat-
ment of LUTS will require more studies. Among those, clin-
ical intervention studies are the most needed study type. The
apparent holy grail of such studies would be novel therapeu-
tics which improve LUTS by increasing lower urinary tract
perfusion without affecting systemic hemodynamics; howev-
er, on theoretical grounds, this may be difficult to achieve.
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