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General introduction

In chapter 1 we have outlined both the physiology of voiding and storage as well as the 
many pathophysiological conditions which can affect the balance between voiding and 
storage. In the following chapters we will narrow our focus to various aspects of the 
pathological condition of bladder outlet obstruction (BOO). 

BOO, in humans, is a pathophysiological condition, not bound to a singular disease and 
can occur in men, women and children. The elderly males constitute the largest group 
of patients suffering from BOO due to benign prostatic hyperplasia (BPH). BPH is a slow 
but progressive condition and, therefore, symptoms begin to manifest mostly in men in 
their sixties (Berry et al. 1984;Lukacs et al. 1996). In women, BOO can develop during 
e.g. a pelvic prolaps (cystocele, rectocele, etc), poorly fitting pessary and after failed 
incontinence procedures (Goldman and Zimmern 2006;Lemack 2006). Children can 
develop an obstruction due to urethra valves (MacRae et al. 2000) or primary bladder neck 
dysfunction (Grafstein et al. 2005), but also might suffer from a pre-existent congenital 
obstruction (Peters 1995). In men, women and children, urethral strictures due to infection 
with subsequent scar tissue, previous catheterisation or trauma occur. Furthermore, 
other conditions such as bladder stones, meatal stenosis, ureteroceles, and bladder 
diverticula can cause obstruction of the bladder. Irrespective of the underlying pathology, 
BOO will eventually lead to similar compensatory measures of the detrusor to facilitate 
evacuation of urine in the face of increased resistance (Berry et al. 1984;Anderson et al. 
2001;Jacobsen et al. 2001). These measures include an increase in bladder mass, which 
involves both hypertrophy and hyperplasia at the cellular level (Kojima et al. 1997;Oelke 
et al. 2002;Sironi et al. 2002). This is accompanied by  morphological changes both in the 
contractile (Uvelius et al. 1984;Chiavegato et al. 1993;Haefliger et al. 2002;Chaqour et 
al. 2002;DiSanto et al. 2003;Holm et al. 2003;Zhang et al. 2004;Austin et al. 2004) and 
nervous system (Chapple et al. 1992;Gabella 1995;Sutherland et al. 1998;Gabella and 
Uvelius 1999;Calvert et al. 2001) as well as changes  in the extracellular compartment 
(Uvelius and Mattiasson 1984;Dixon et al. 1989;Ji et al. 1995;Kim et al. 2003;Howard et 
al. 2005). All of these changes may contribute to an impaired contraction and relaxation 
function, giving rise to both obstructive and storage symptoms commonly referred to 
as LUTS.

Chapter 3

Growth factors and BOO: Role of transforming growth factor β in rat bladder smooth 
muscle cell proliferation

The bladder tissue responds to the increased urethral resistance of BOO by remodelling. 
Cellular processes such as proliferation, differentiation and apoptosis eventually lead to 
cellular hypertrophy, hyperplasia and to an increased deposition of extracellular matrix. In 
vascular smooth muscle regulation, these complex processes are known to be mediated 
by many different growth factors (Rakesh and Agrawal 2005). However, mediators 
and molecular mechanisms leading to bladder hypertrophy have remained elusive. 
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Nonetheless, several studies on BOO in both humans (MacRae et al. 2000;Monga et 
al. 2001) and animals (Kim et al. 2001) have shown increased levels of the transforming 
growth factor β (TGFβ) in the excreted urine. Depending on the tissue or cell type under 
investigation (Roberts and Sporn 1993), this growth factor has been shown to assert many 
different effects such as proliferation, apoptosis, phenotypic switching, differentiation 
and specification of developmental state (Massague 2000). For example, TGFβ can 
increase the proliferation of airway smooth muscle cells (Chen and Khalil 2006) but exert 
potent antiproliferative effects due to a G0/G1 arrest via the p38 pathway in vascular 
smooth muscle cells (Seay et al. 2005). In the heart TGFβ can induce cardiomyocyte 
hypertrophy, whereas cardiac fibroblasts respond with differentiation into myofibroblasts 
and synthesis of collagen (Watkins et al. 2006;Liu et al. 2006).  Besides TGFβ, various 
other growth factors, known to be implicated in growth of smooth muscle cells have 
been tested in cultured bladder smooth muscle cells. However, in our hands stimulation 
with insulin-like growth factor, basic fibroblast growth factor, platelet-derived growth 
factor or angiotensin II induced neither an increase nor decrease of DNA-replication 
(data not shown). Therefore, in chapter 3, we have explored the role of TGFβ in the 
proliferation of primary cultures of rat bladder smooth muscle cells.

Chapter 4

Acute phase of BOO in vivo: Effect of short-term outlet obstruction on rat bladder nerve 
density and contractility
 
Studies on the cellular level with cultured bladder smooth muscle cells have distinct 
advantages. However, BOO causes remodelling not only in the smooth muscle cell 
department but in various other cell types in the bladder as well, eventually leading to 
bladder dysfunction. In humans, BPH is the main contributor of partial BOO because of 
the prostate’s unique characteristic of encapsulation of the urethra. In order to further 
explore the consequences of BOO, studies in animal BOO models have been conducted. 
However, laboratory animals, except dogs, do not spontaneously develop prostatic 
enlargement and hence BOO. Therefore, in order to perform mechanistic studies into 
BOO-associated voiding dysfunction, partial urethral ligation has been used in rats 
(Uvelius et al. 1984;Levin et al. 1993;Lluel et al. 1998;Krichevsky et al. 1999;Chai et al. 
1999;Gu et al. 2004), rabbits (Levin et al. 1985;Lin et al. 1992;Agartan et al. 2005), 
guinea pigs (Ji et al. 1995;Chertin et al. 2003;Hu et al. 2004) or pigs (Goepel et al. 1998) 
. Besides the common finding of hyperplasia and hypertrophy of the bladder smooth 
muscle cells, the relevance of such animal models is highlighted by the finding that 
increased micturition frequency persists in about 20% of rats after removal of the ligation 
(Chai et al. 1999), and similarly, many patients continue to have storage symptoms after 
surgical relief of obstruction (Andersen 1976;Seaman et al. 1994;Peters et al. 1997). 
Moreover, studies using the animal BOO model have shown neuropathic changes in the 
bladder wall such as reduced innervation density of the bladder which is also present in 
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the humans (Kitada et al. 1989;Chapple et al. 1992;Lasanen et al. 1992;Sutherland et al. 
1998;Gabella and Uvelius 1999;Drake et al. 2000). 

So, even though most BOO models mimic certain key characteristics such as hyperplasia, 
hypertrophy and denervation, BPH is a progressive disease developing over longer 
periods of time which is not easily reproduced in a laboratory setting.  In humans BOO 
leads to a doubling of the bladder size in the course of months to years (Kojima et 
al. 1996;Oelke et al. 2002); BOO in animal studies can lead to a quintuple or even 
greater weight increase with concurrent decompensation after just weeks (Moore et 
al. 2002;Hampel et al. 2002;Lluel et al. 2002;Longhurst et al. 2004). A one week BOO 
typically induces bladder weight increases more resembling the human situation i.e. 
doubling of bladder weight. Moreover, by measuring the effects on earlier time points 
not only the development of bladder dysfunction, but also post-operative effects on 
contraction can be analyzed. Thus, longer (weeks to months) time courses in animal 
models of BOO resemble more the human time course, whereas shorter periods of BOO 
(up to one week) resemble more the extent of bladder enlargement seen in patients. 
To obtain further insight into the use of shorter vs. longer durations of BOO in animal 
models, in chapter 4, we have investigated the effect of BOO in the acute phase i.e. 
during 1, 3 and 7 days. Such set-up should also provide us with information concerning 
the post-operative period i.e. the first 72 hrs.

Chapter 5

The opposite picture, bladder underactivity: Is the use of parasympathomimetics in the 
treatment of underactivity of the urinary bladder evidence-based?

Studying BOO in an animal model during BOO revealed that surgical trauma alone may 
impair the contractile tissue responsiveness in the post-operative phase (days 1-3). Such 
underactivity of the detrusor is a common post-operative complication in otherwise healthy 
people and often leads to acute urinary retention. While catheterization is the mainstay 
of treatment for this condition, textbooks of both urology and pharmacology also state 
the use of parasympathomimetics. This group of drugs involves the acetylcholinesterase 
inhibitors as well as the muscarinic receptor agonists, both aiming at additional stimulation 
of muscarinic receptors on the detrusor cells. Muscarinic agonists such as bethanechol 
or carbachol cause direct stimulation of muscarinic receptors. On the other hand, 
inhibition of acetylcholinesterase i.e. the enzyme inactivating the endogenous agonist 
acetylcholine, by agents such as distigmine, pyridostigmine or neostigmine increase the 
level of endogenously available acetylcholine and thereby indirectly stimulates muscarinic 
receptors. In either case contraction of the mammalian detrusor is stimulated by 
muscarinic receptors, mostly those of the M3 subtype (Hegde 2006;Abrams et al. 2006). 
Irrespective of the underlying mechanism, the increased stimulation of the muscarinic 
receptors should induce contractions of the detrusor smooth muscle cells and thereby 
facilitate voiding of urine in patients with an underactive bladder. However, this does not 
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correspond to our clinical experience of a poor efficacy of such medical treatment. Since 
such drugs can have potentially harmful side effects, we have performed a systemic 
literature search to determine whether their use is evidence-based.

Chapter 6

Chronic BOO and the effects on contractile and relaxing effects: The effect of bladder 
outlet obstruction on adrenoceptor expression and function

In chapter 4 we have explored several aspects of BOO in the acute phase in the first days 
after surgery in a rat model. In the next chapters (6 and 7) we have studied changes 
in the chronic period of BOO. Since no consensus is readily available for what is, and 
what is not defined as the chronic phase, we have taken a functional approach i.e. as 
is measured in patients suffering from chronic BOO: a doubling of the bladder weight 
in combination with impaired contractile responses to field stimulation (Kojima et al. 
1996;Levin et al. 2000;Oelke et al. 2002).

Chronic BOO in patients is not only responsible for obstructive (voiding) but also irritative 
(storage) symptoms such as frequency, nocturia, urgency and urinary incontinence 
(Saito et al. 1993;Lluel et al. 1998;Lluel et al. 2002;Usta et al. 2004). On receptor level 
several candidates can be held responsible for such storage symptoms. It might involve 
enhanced activity of contractile (both muscarinic and α-adrenoceptors) and and/or 
reduced activity of relaxant (β-adrenoceptor) receptor systems.

Muscarinic receptors, primarily responsible for contraction of the detrusor, have been 
a grateful topic of research. However, as discussed in chapter 1, bladder overactivity 
is typically not associated with an increased responsiveness of muscarinic receptors in 
the bladder. On the other hand, several lines of evidence have indicated that changes 
in adrenoceptor responsiveness may play a role, and this could involve a reduced 
responsiveness of β-adrenoceptors or an increased responsiveness of α1-adrenoceptors 
(see also chapter 1). While many studies have looked at the α-adrenoceptors in the 
prostate only few have studied them in the bladder (Michel and Vrydag 2006). For 
instance, studies investigating the effects of α-blockers in men suffering from LUTS have 
consistently demonstrated significant reductions of symptoms as assessed by IPSS, even 
though improvements on free-flow Qmax were only moderate at best (Djavan et al. 2004). 
Indeed, pressure-flow studies have not consistently shown reductions of bladder outlet 
resistance upon treatment with α-blockers (Rossi et al. 2001;Kortmann et al. 2003). 
Moreover, in animal models of BOO, α-blockers enabled relief of storage symptoms 
and improve cystometric parameters independent from deobstruction (Ishizuka et al. 
1996;Michel et al. 2000a;Das et al. 2002;Gu et al. 2004;Levin et al. 2006). 

Besides alterations in contractile function, storage symptoms might also originate in 
changes in the β-adrenoceptor function as they, during physiological conditions, are 
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key players in smooth muscle relaxation (Michel and Vrydag 2006). However, despite its 
important role in bladder physiology few studies have been undertaken to explore the 
relationship between relaxation and BOO. Therefore, in chapter 6, we have studied the 
changes in both α- and β-adrenoceptor expression and function after one week of BOO 
in a rat model. 

Chapter 7

Chronic BOO and α-blocker therapy: Do α1-adrenoceptor antagonists improve lower 
urinary tract symptoms by reducing bladder outlet resistance?

Patients afflicted by chronic BOO due to e.g. BPH frequently exhibit LUTS (Andersson 
2000;Berges et al. 2001) involving both voiding and storage symptoms. For long, LUTS 
has been attributed to a cascade wherein benign prostatic hyperplasia leads to benign 
prostatic enlargement which causes BOO, and this obstruction was considered to be the 
main cause of LUTS in elderly males. Consequently it was felt that α-blockers relieve LUTS 
by relaxing prostatic smooth muscle cells and thereby reducing bladder outlet resistance 
(Michel et al. 2000b). However, as has been pointed out in the previous chapter, several 
lines of evidence suggest a role for the α-blockers in the bladder. In other words, α-blocker-
induced relief of LUTS may at least not fully result from deobstruction by relaxing the 
prostate, but rather involve blocking extra-prostatic α-adrenoceptors (Michel and 
Vrydag 2006). To further explore the hypothesis that α-blockers improve LUTS in elderly 
males by reducing BOO, we have, in chapter 7, performed a retrospective secondary 
analysis of a previously reported study (Abrams et al. 1998) i.e. a randomized, placebo-
controlled, double blind study that compared the effects of tamsulosin modified-release 
with those of placebo (European Study of Prostatic Indication of Tamsulosin (ESRPIT)).  
A unique feature of this study design included the rather large subset of patients in 
which pressure-flow studies were performed, making meaningful statistical calculations 
possible. We have used this database to explore relationships between symptoms at 
baseline and their improvements upon treatment with urodynamic parameters. 

Chapter 8

α-Blockers treatment and the cardiovascular system: LUTS/BPH treatment and the 
cardiovascular system

Though their exact working mechanisms remain partly elusive, physicians worldwide 
have  prescribed α-blockers for patients suffering from LUTS for over 30 years (Caine et 
al. 1976), since they provide symptom relief for many years (Narayan et al. 2003) and 
have beneficial effects on the symptom progression of BPH (McConnell et al. 2003). Even 
so, as has become clear from previous chapters, α-blockers are not solely active in the 
prostate or even just in the urogenital tissue, but also in tissues such as the vasculature, 
where α-adrenoceptors play a dominant role in increasing vascular tone upon activation 
by the sympathetic nervous system. Such increase in vascular tone is an important 
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regulatory mechanism e.g. during moments of orthostatic hypotension. Diminishing such 
mechanisms by the use of α-blockers might pose a threat to specific patient groups e.g. 
the elderly, patients already taking antihypertensive drugs, patients with cardiovascular 
morbidity or patients using phosphodiesterase-5-inhibitors. Therefore, in chapter 8, we 
reviewed the physiological basis of cardiovascular side-effects of α-blockers, identified 
risk factors for these side-effects, and described their interaction with specific drugs.

Chapter 2
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