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PREFÁCIO 

 

 

O olhar 

 

O teu problema não é o Problema 

O teu problema é a parte do Problema para 

onde tu olhas. 

 

Gonçalo M. Tavares 

In “Breves Notas sobre Ciência” 

 

 

Em ciência, tal como na vida, temos uma tendência 

natural egocêntrica para nos colocarmos no centro de 

um círculo, onde tudo gravita à nossa volta ou se 

conforma ao nosso pensamento. O problema deixa de 

ser da Humanidade e passa a ser do nosso espírito, 

enquanto a nossa hipótese se converte num axioma, 

ainda que apenas indiscutível aos nossos olhos. A 

capacidade de abstração do nosso problema implica 

conhecimento, reflexão e distanciamento temporal. 

Quando nos afastamos do centro para a periferia e 

percorremos a circunferência, percebemos que o 

problema que nos inquieta é relativo, por vezes uma 

fração microscópica de um Problema infinito que 

assalta toda a Humanidade. Só quando andamos à 

roda, sem pressa, atentos aos problemas dos outros e 

a analisar outras hipóteses, é que somos capazes de 

entender o contexto e a relevância do nosso 

problema, bem como reconhecer as limitações do 

nosso método. Um dia, se formos persistentes e 

tivermos sorte, conseguiremos encaixar no sítio certo 

a nossa peça deste puzzle infinito que é a ciência.  

 

Em ciência, tal como na vida, as perguntas nascem de 

respostas e os problemas dos homens gravitam à 

volta do Problema da Humanidade. 

 

Tiago Antunes Lopes 

Abril 2020 

The look  

 

Your problem is not the Problem  

Your problem is the part of the Problem you are 

looking at.  

 

Gonçalo M. Tavares 

In “Brief Notes on Science” 

 

 

In science, as in life, we have a natural egocentric 

tendency to place ourselves in the center of a circle, 

where everything gravitates around us or conforms to 

our thinking. The problem is no longer of Humanity 

and becomes one of our spirit, while our hypothesis 

converts in an axiom, even if only irrefutable to our 

eyes. The capacity of abstraction from our problem 

implies knowledge, reflection and temporal distance. 

When we move away from the center to the 

periphery and go around the circumference, we 

realize that the problem that concerns us is relative, 

sometimes just a microscopic fraction of an infinite 

Problem that assaults all Humanity. Only when we 

walk around, unhurried, alert to others’ problems and 

analyzing further hypotheses, are we able to 

understand the context and relevance of our 

problem, as well as recognize the limitations of our 

method. One day, if we are persistent and lucky, we 

will be able to fit our piece of this infinite puzzle that 

is science into the right place. 

 

In science, as in life, questions stem from answers and 

men's problems gravitate around the Problem of 

Humanity. 

 

Tiago Antunes Lopes 

Abril 2020 
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ABSTRACT 

 

 

Neurotrophins can induce plastic changes of the neuronal circuits that govern 

bladder function and have attracted considerable attention in the urologic field, 

particularly in biomarker research in bladder functional disorders. In several pathological 

states, urinary symptoms, including urgency and urinary frequency, reflect abnormal 

activity of bladder primary afferents due to neuroplastic changes. Accordingly, in 

pathologies associated with increased sensory input, such as the overactive bladder 

(OAB) syndrome significant amounts of neurotrophins have been found in the bladder 

wall. This knowledge led to the investigation of urinary neurotrophins as biomarkers of 

OAB, mainly nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF). 

 

In the first article, we demonstrated, for the first time, that in healthy individuals 

of both genders, urinary NGF and BDNF levels are low and stable during the day, without 

circadian variation. Moreover, there are no differences between genders and in urinary 

samples collected three months apart, suggesting steady levels over time.  

In female OAB patients, urinary levels of NGF and BDNF were significantly higher 

than in healthy individuals. In this particular setting, we were pioneers in investigation of 

urinary BDNF as a putative biomarker of OAB. In a small preliminary study, the area 

under the receiver operating characteristic (ROC) curve of BDNF was better than NGF in 

OAB diagnosis (0.78 vs. 0.68), although a significant overlap between patients and 

controls was observed. As no differences were found in glial cell-line derived 

neurotrophic factor (GDNF) levels between OAB patients and controls we can 

hypothesize that OAB involves neurotrophin-induced sensitization of peptidergic 

bladder sensory afferents. In fact, while peptidergic neurons depend on NGF signaling 

for their survival, non-peptidergic neurons are supported by GDNF.  

Urinary NGF and BDNF levels normalized after lifestyle intervention and 

antimuscarinic treatment. The capacity of lifestyle intervention alone to influence 

urinary neurotrophins, in particular BDNF, was described here for the first time. Finally, 

the reduction in urinary BDNF levels strongly correlated with symptomatic improvement 

with treatment. These findings suggest BDNF as a new putative biomarker for OAB and 
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implicate neurotrophins in OAB pathogenesis, with possible clinical application in the 

future. 

 

In the second article, we showed that urinary levels of NGF and BDNF were similar 

between women with stress urinary incontinence (SUI) and controls, and significantly 

inferior to OAB wet patients. In women with SUI, one year after a midurethral sling 

procedure, urinary levels of both neurotrophins significantly increased to values 

identical to those observed in OAB wet patients. Remarkably, women with de novo 

urgency had a significantly higher percentage variation of NGF than women without 

urgency. Moreover, these patients also had a marked decrease in maximum flow rate 

(Qmax), suggesting that increased bladder outlet resistance caused by sling placement 

may play a key role in the rise of urinary neurotrophins, promoting sensitization of 

bladder sensory afferents, and causing de novo urgency in particular susceptible 

patients. 

 

In the third study, we found that chronic pelvic ischemia in elderly men with 

severe atherosclerotic aortoiliac disease was associated with a significant increase in 

lower urinary tract symptoms and bladder neurogenic inflammation, as suggested by 

the high urinary levels of NGF, promoting sensitization of bladder primary afferents. 

These findings confirm the relevance of chronic pelvic ischemia in bladder function and 

validate animal models of bilateral iliac artery occlusion currently under use to 

investigate the pathophysiological mechanisms at stake. 

 

While the evidence for increased urinary NGF and BDNF in OAB appears 

convincing, several questions and concerns remain about their relevance as putative 

biomarkers regarding validity, reproducibility, and cost-effectiveness. Further studies, 

preferably multicentric, with larger samples and a placebo arm are warranted to 

standardize collection and storage of samples, analytic procedures and finally establish 

the real value of urinary neurotrophins as biomarkers of OAB. 

 

In the last decade, the study of biomarkers of OAB and detrusor overactivity 

constituted an intense area of research. Recently, however, the interest around this 
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topic clear decayed. Several reasons may explain this phenomenon. The novelty around 

the area certainly created the ideal conditions to blossom this field of translational 

research. In addition, many investigators did not directly realize that OAB is not a 

disease, but rather a storage symptom complex. The diagnosis must therefore rely on 

the medical history and evaluation of patient bother and expectations. On the other 

hand, detrusor overactivity, an urodynamic finding, does not correlate with either the 

presence of OAB symptoms or the outcome of the currently available therapeutic 

options for symptomatic management. Therefore, the replacement of urodynamics by 

non-invasive biomarkers to diagnose detrusor overactivity lost a clear rationale and a 

window of opportunity. 

OAB is a non-specific storage symptom complex with a poorly defined 

pathophysiology. Hence, there is a trend to label OAB as idiopathic, without an obvious 

cause. However, OAB should be perceived as a complex, multifactorial syndrome, 

resulting from several pathophysiological mechanisms. The identification of the 

underlying causes on an individual basis may lead to the establishment of distinct OAB 

subgroups, paving the way for a personalized medical approach in OAB. A general take-

home message of this thesis is that biomarker research should not be focused on OAB 

diagnosis, which is clinical, but rather be directed to phenotype OAB patients. Once we 

have identified distinct OAB phenotypes, we will be able to learn more about underlying 

mechanisms and pathophysiological cofactors, and to select patients for specific target 

therapies, with expected better outcomes. 

The time of non-specific pharmacotherapy, currently based on antimuscarinics, 

β3-adrenoceptor agonists or botulinum toxin, can be surpassed only if clinically useful 

biomarkers come out of active research, enhancing the application of the precision 

medicine model to OAB management.  
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RESUMO 

 

 

As neurotrofinas podem induzir plasticidade dos circuitos neuronais que governam 

a função vesical e atraíram considerável atenção no campo urológico, em particular, na 

pesquisa de biomarcadores em diferentes disfunções miccionais. Em vários distúrbios 

vesicais, os sintomas urinários, incluindo a urgência e o aumento da frequência urinária, 

refletem uma atividade anormal dos aferentes primários da bexiga provocada por 

alterações neuroplásticas. Com efeito, em patologias associadas ao aumento da 

atividade da via aferente, como a síndrome da bexiga hiperativa (BHA) (do inglês, 

overactive bladder syndrome – OAB), foram encontradas quantidades significativas de 

neurotrofinas no tecido vesical. Este conhecimento levou à investigação das 

neurotrofinas urinárias como biomarcadores da síndrome da BHA, em particular, do 

fator de crescimento nervoso (do inglês, nerve growth factor – NGF) e do fator 

neurotrófico derivado do cérebro (do inglês, brain-derived neurotrophic factor – BDNF). 

 

No primeiro artigo, descrevemos, pela primeira vez, que em indivíduos saudáveis 

de ambos os sexos, os níveis urinários de NGF e BDNF são baixos e estáveis durante o 

dia, sem variação circadiana. Adicionalmente, não há diferenças entre os géneros, nem 

nas amostras urinárias colhidas com três meses de intervalo, sugerindo que os níveis de 

neurotrofinas são constantes ao longo do tempo. 

Em doentes com BHA, os níveis urinários de NGF e BDNF foram significativamente 

mais elevados do que em indivíduos saudáveis. A este respeito, fomos pioneiros na 

investigação do BDNF urinário como potencial biomarcador da síndrome da BHA. Num 

pequeno estudo preliminar, a área sob a curva ROC (do inglês, receiver operating 

characteristic) do BDNF foi maior do que a do NGF no diagnóstico da BHA (0.78 vs. 0.68), 

embora se tenha observado uma sobreposição significativa dos níveis de neurotrofinas 

entre doentes e controlos. Como não foram encontradas diferenças nos níveis de fator 

neurotrófico derivado da linha celular glial (do inglês, glial cell-line derived neurotrophic 

factor – GDNF) entre ambos os grupos, podemos inferir que a BHA envolve a 

sensibilização das fibras sensitivas peptidérgicas da bexiga, induzida pelas neurotrofinas. 
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De facto, enquanto os neurónios peptidérgicos dependem da sinalização do NGF para 

sua sobrevivência, os neurónios não peptidérgicos são suportados pelo GDNF. 

Os níveis urinários de NGF e BDNF normalizaram após tratamento conservador e 

tratamento farmacológico com antimuscarínico. A capacidade do tratamento 

conservador, de forma isolada, influenciar os níveis de neurotrofinas urinárias, em 

particular o BDNF, foi descrita aqui pela primeira vez. Finalmente, a redução dos níveis 

urinários de BDNF correlacionou-se de forma significativa com a melhoria sintomática 

após tratamento. Estes achados indicam o BDNF como um novo potencial biomarcador 

da síndrome da BHA, e implicam as neurotrofinas na patogénese desta disfunção 

miccional, com possível aplicação clínica no futuro. 

 

No segundo artigo, mostrámos que os níveis urinários de NGF e BDNF entre 

mulheres com incontinência urinária de esforço (IUE) e controlos foram idênticos, mas 

eram significativamente inferiores aos de doentes com BHA “molhada”, ou seja, com 

incontinência urinária de urgência (IUU). Em mulheres com IUE, um ano após 

tratamento cirúrgico com colocação de uma fita suburetral, os níveis urinários de ambas 

as neurotrofinas aumentaram de forma significativa para valores idênticos aos 

observados em doentes com IUU. É de realçar que as doentes com urgência de novo 

tiveram uma variação percentual de NGF significativamente maior do que as que não 

apresentaram imperiosidade miccional. Além disso, nas mulheres com urgência de novo 

também se verificou uma diminuição marcada da velocidade de fluxo máximo (Qmax), 

sugerindo que o aumento da resistência uretral causado pela colocação da fita pode 

desempenhar um papel relevante no aumento das neurotrofinas urinárias, promovendo 

a sensibilização dos aferentes primários da bexiga e o aparecimento de urgência de novo 

em doentes particularmente suscetíveis. 

 

No terceiro estudo, verificámos que a isquemia pélvica crónica em homens idosos 

com doença aterosclerótica aortoilíaca severa se associava a um aumento significativo 

dos sintomas do trato urinário inferior e a inflamação neurogénica da bexiga, indicada 

pelos níveis elevados de NGF na urina, promovendo a sensibilização das fibras aferentes 

vesicais. Estes achados confirmam a relevância da isquemia pélvica crónica na função 
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vesical e validam os modelos animais de oclusão bilateral da artéria ilíaca, atualmente 

usados para investigar os mecanismos fisiopatológicos subjacentes. 

 

Enquanto a evidência do aumento dos níveis urinários de NGF e BDNF na BHA 

parece convincente, várias dúvidas e questões persistem sobre a sua relevância como 

potenciais biomarcadores, no que diz respeito à validade, reprodutibilidade e relação 

custo-eficácia. São ainda necessários mais estudos, preferencialmente multicêntricos, 

com amostras maiores e um braço placebo para estandardização da colheita e 

armazenamento de amostras e dos procedimentos analíticos, de forma a ser finalmente 

possível aferir o real valor das neurotrofinas urinárias como biomarcadores da síndrome 

da BHA. 

 

Na última década, o estudo de biomarcadores da síndrome de BHA e da 

hiperatividade detrusora constituiu uma área de investigação intensa. Mais 

recentemente, o entusiasmo sobre este assunto decaiu. Várias razões podem explicar 

este fenómeno. Em primeiro lugar, o efeito de novidade criou certamente as condições 

ideais para expandir esta área de investigação translacional. Por outro lado, muitos 

investigadores não reconheceram de forma imediata que a BHA não constitui uma 

doença, mas um complexo de sintomas de armazenamento. O diagnóstico deve, 

portanto, basear-se na história clínica e na avaliação das queixas e expectativas do 

doente. Por outro lado, a hiperatividade do detrusor, um marcador urodinâmico, não se 

correlaciona com a presença de sintomas de BHA, nem com os resultados das opções 

terapêuticas disponíveis para controlo sintomático. Desta forma, a substituição do 

estudo urodinâmico por biomarcadores não invasivos para diagnosticar hiperatividade 

detrusora não faz sentido, perdendo uma janela de oportunidade. 

A síndrome da BHA é um complexo inespecífico de sintomas de armazenamento, 

com uma fisiopatologia mal definida. Logo, existe uma tendência para designar a BHA de 

idiopática, ou seja, sem uma causa óbvia. Contudo, a BHA deve ser entendida como uma 

síndrome multifatorial complexa, resultante de diversos mecanismos fisiopatológicos. A 

identificação das causas subjacentes de forma individualizada poderá conduzir ao 

estabelecimento de subgrupos distintos de BHA, abrindo caminho para uma abordagem 

médica personalizada. Uma mensagem genérica desta tese é que a pesquisa de 
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biomarcadores não se deve focar no diagnóstico de BHA, que é clínico, mas sim na 

identificação dos diferentes fenótipos desta síndrome. A fenotipagem dos doentes com 

BHA permitirá conhecer melhor os mecanismos e cofatores fisiopatológicos subjacentes, 

e selecionar terapêuticas-alvo específicas, com melhores resultados. 

O tempo do tratamento farmacológico não específico, atualmente baseado em 

antimuscarínicos, agonistas dos receptores β3-adrenérgicos ou toxina botulínica, só 

pode ser ultrapassado se surgirem biomarcadores com utilidade na prática clínica, 

permitindo a aplicação do modelo de medicina de precisão ao tratamento da BHA. 
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I. OVERACTIVE BLADDER SYNDROME: WHY DO WE NEED BIOMARKERS? 

 

 

Overactive bladder (OAB) is a highly frequent lower urinary tract (LUT) 

symptomatic complex, affecting both genders, with an overall prevalence of above 10%, 

but that may exceed 40% in the elderly population (Irwin DE et al., 2006, 2009). 

According to the International Continence Society (ICS), OAB is defined as a clinical 

syndrome, characterized by the presence of urinary urgency, with or without 

incontinence, usually accompanied by daytime frequency and nocturia, in the absence 

of a proven infection or other obvious pathology (Abrams P et al., 2002, 2003). Urgency, 

defined as a sudden compelling desire to void that is difficult to defer, is the unique 

symptom that must be present in order to establish the diagnosis of OAB (Chapple CR et 

al., 2005). Key points in OAB diagnosis are summarized in figure 1. 

 

 
 

Figure 1. Key points in overactive bladder (OAB) diagnosis. 

 

Symptoms of OAB critically affect health-related quality of life, work productivity 

and activities of daily living, with high economic costs, that will certainly increase with 

the demographic shift of an aging society (Coyne KS et al., 2008). 
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The diagnosis of OAB is clinical, based on patient self-reporting symptoms. In fact, 

OAB is not a disease, but rather a complex set of storage symptoms. Moreover, it is not 

equivalent to detrusor overactivity (DO), which is the urodynamic observation of 

involuntary detrusor contractions during bladder filling (Abrams P et al., 2002). 

Therefore, the advantage of an objective biomarker to confirm the presence of OAB 

symptoms might be of reduced value in clinical practice. In addition, approved drugs for 

OAB treatment are only intended to control symptoms and improve health-related 

quality of life (Antunes-Lopes T et al., 2014). Multiple risk factors for OAB have been 

suggested, including obesity, menopause, dysbiosis, aging, bladder outlet obstruction 

(BOO) and ischemia (Meng et al., 2012; Peyronnet B et al., 2019). However, the 

pathophysiology of OAB remains elusive, halting the development of novel specific and 

effective therapies. In this setting, the role of a biomarker in OAB is questionable, except 

for phenotyping patients, forming homogeneous groups. On the other hand, one cannot 

ignore that the hallmark symptom of OAB, urgency, may often be confounded with urge 

to void (Chapple CR et al., 2005). Urgency is difficult to explain by caregivers and difficult 

to understand by individuals who never felt the sensation of impending micturition 

difficult or impossible to differ. Confusion with urge, a normal bladder sensation that 

refers to a strong desire to void, but still with full control of bladder function, is a typical 

example of a sensation that may be hard to discriminate from urgency (Cruz CD et al., 

2012). Therefore, distinction between urge and urgency may not always be 

straightforward for the caregiver or patients, particularly those who are cognitively 

impaired by age or disease (Michel MC and Chapple CR, 2009a, 2009b). In addition, 

grading urgency is a difficult task to be accomplished by the clinician, even with the use 

of standardized questionnaires (Nixon A et al., 2005; Starkman JS and Dmochowski RR, 

2008).  In common clinical practice there are some patients who might immediately 

benefit from the existence of an objective and reliable OAB biomarker. These are 

patients with stress urinary incontinence (SUI), who also complain of urgency when 

some few drops of urine leaking into the posterior urethra trigger a sensation of 

impending micturition. Likewise, in mixed urinary incontinence (MUI), the existence of 

an OAB biomarker could also have some value. As a matter of fact, MUI is still treated 

empirically, after presuming from the medical history and bladder diary which 

symptoms are more relevant and negatively impact the quality of life of the patient. 
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Despite the controversial issues regarding diagnosis, we could point several 

reasons to support the search of biomarkers in OAB. First, biomarkers could help to 

discriminate between known and unknown causes of OAB, and other LUT disorders 

(figure 2), providing insights into different underlying pathophysiological mechanisms – 

urothelial/suburothelial dysfunction, increased activity of bladder sensory afferents, 

overactivity of detrusor muscle, abnormal central nervous system processing of bladder 

afferent signaling (Meng et al., 2012; Soler R et al., 2013; Hanna-Mitchell AT et al., 

2014). Secondly, considering the dynamic nature of OAB (Wennberg AL et al., 2009), 

biomarkers could be useful to establish prognosis and to predict relapse or progression 

of bladder dysfunction. Finally, biomarkers could be useful to better select treatment 

modality and predict outcome (figure 3). In addition, refractoriness is not clearly 

defined, and the question remains whether it is the bladder that is refractory or the 

patient (Padilla B and Castro-Diaz D, 2019). 

In OAB, reported biomarkers have included bladder tissue biomarkers, 

ultrasonographic and urodynamic findings, urinary and serum proteins, genetic markers 

and urinary microbiota (Antunes-Lopes T et al., 2011a, 2014; Cartwright R et al., 2011; 

Bhide AA et al., 2013; Fry CH et al., 2014; Pennycuff JF et al., 2017; Antunes-Lopes T and 

Cruz F, 2019). 

 

 
 

Figure 2. Causes of lower urinary tract symptoms (LUTS). 
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II. BIOMARKERS IN OVERACTIVE BLADDER 

 

 

1. The Ideal Biomarker 

 

Biomarkers are objectively measurable characteristics that can help to diagnose 

the underlying pathology of a clinic condition (diagnostic biomarker), to assess its 

severity and progression (prognostic biomarker) or to monitor the response to a 

particular treatment (predictive biomarker) (Biomarkers Definitions Working Group, 

2001). Therefore, biomarkers constitute important tools to identify the causing agent(s) 

of a specific pathology, establish the prognosis, develop new drugs, obtain information 

about the effects of a specific treatment and follow disease progression (Cruz CD et al., 

2015) (figure 3). In addition, Shulte has outlined that one of the capabilities of a 

biomarker is to identify the mechanisms by which exposure and disease are related 

(Shulte PA, 1993).  

An ideal biomarker should be easily accessible, reliable, and reproducible, while 

also having high specificity and sensitivity (Mayeux R, 2004). It should correlate with the 

severity of the disease, provide information that is not available from clinical 

assessment, improve the outcome, and predict responses to specific therapies. Finally, it 

should be cost-effective and easy to use in daily clinical practice (Seth JH et al., 2013). 

 

 
 

Figure 3. Utilities of biomarkers (courtesy of Prof. Francisco Cruz). 
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2. Detrusor Overactivity: The First Proposed Biomarker of OAB 

 

Detrusor overactivity was the first proposed biomarker of OAB and was 

extensively researched. It is defined as the urodynamic finding of involuntary detrusor 

contractions during the filling phase (Abrams P et al., 2002), and can only be detected by 

urodynamics, an invasive and expensive exam. However, it must be remembered that 

DO does not equate to OAB. It has been demonstrated that DO was present in 

approximately 45% of OAB dry and 60% of OAB wet patients (Hashim H and Abrams P, 

2006). As the core symptom of OAB may suggest the presence of DO, several attempts 

have been made to correlate urgency with DO. However, it was reported that urgency 

sensation was as likely to occur before or after an episode of DO, during filling 

cystometry. Likewise, near one third of involuntary detrusor contractions recorded were 

not associated with urgency (Lowenstein et al., 2009). Finally, subjects without OAB 

symptoms may exhibit involuntary detrusor contractions (Heslington K and Hilton P, 

1996; van Waalwijk van Doorn ES et al., 1997; Hashim H and Abrams P, 2006). In fact, in 

the study by Hashim and Abrams (Hashim H and Abrams P, 2006), 36% of the total OAB 

patients studied (n=1076) did not present DO, while more than 30% of subjects without 

LUTS had DO. Moreover, DO cannot predict the response of patients to antimuscarinic 

treatment (Malone-Lee JG and Al-Buheissi S, 2009), as well as to botulinum toxin A or 

neuromodulation (Rachaneni S and Latthe P, 2017), although the National Institute of 

Health and Care Excellence (NICE) guidance recommends the last two therapies, only in 

patients diagnosed with DO on urodynamics (Smith A et al., 2013).  

The invasive nature of urodynamics and its low predictive value, both for diagnosis 

and outcome of OAB treatment, calls into question the relevance and definite benefit of 

urodynamics in the routine assessment of non-neurogenic OAB patients. On the other 

hand, OAB could be a disorder of urothelial dysfunction or sensory dysfunction that 

causes the occurrence of urgency sensation or urgency urinary incontinence (UUI), but 

not necessarily associated to DO. Hence, a biomarker for DO might not indicate a good 

biomarker for OAB, and vice-versa (Kuo HC, 2012).  

Validation of a biomarker against DO may be more quantitative than for OAB, 

which is based on subjective symptoms rather than objective clinical measures and has a 

multifactorial etiology (Fry CH et al., 2014). Recently, some non-invasive imaging 



INTRODUCTION 

   Tese de Doutoramento 18 

methods to detect DO were investigated, namely near-infrared spectroscopy (NIRS) 

(Farag FF et al., 2011; Mastoroudes H et al., 2012) and ultrasound measurement of 

bladder wall thickness/detrusor thickness (BWT/DT) (Khullar V et al., 1996; Chung SD et 

al., 2010; Kuo HC et al., 2010; Kuhn A et al., 2011; Robinson D et al., 2016; Rachaneni S 

et al., 2016; Bray R et al., 2018).   

NIRS is a function imaging technology that can detect oxygen-dependent 

hemodynamic changes in the bladder wall either during voiding or during involuntary 

detrusor muscle contractions (Farag FF and Heesakkers JP, 2011). The measurement of 

changes in the concentration of oxygenated hemoglobin (O2Hb) and deoxygenated 

hemoglobin (HHb) in response to DO relative to baseline, can reflect detrusor oxygen 

consumption (Farag FF and Heesakkers JP, 2011). Based on the finding that in patients 

with BOO, the thickness of the total bladder wall or the detrusor layer, measured by 

ultrasound, was significantly increased (Hakenberg OW et al., 2000; Oelke M et al., 2006, 

2007), it was hypothesized that, in OAB patients, the work overload caused by DO during 

the filling phase could promote detrusor hypertrophy, increasing BWT/DT. Both 

technologies have shown unreliable and contradictory results in several studies by 

different researchers.  

Based on the evidence showing that adenosine triphosphate (ATP) has a key role 

in the pathophysiology of DO, acting both in efferent and afferent paths of the voiding 

reflex, Silva-Ramos and colleagues assessed the putative role of ATP as a non-invasive 

biomarker of DO in OAB patients (Silva-Ramos M et al., 2013). They measured the 

urinary concentration of ATP in OAB women with confirmed DO and in age-matched 

controls and concluded that urinary ATP was a sensitive dynamic non-invasive biomarker 

of DO in OAB patients (Silva-Ramos M et al., 2013). 

Further data regarding these non-invasive methods to detect DO may be found 

elsewhere (Antunes-Lopes T et al., 2011a, 2014).  

 

 

3. Urinary Biomarkers of OAB 

 

The macroscopic examination of urine, known as uroscopy, is as old as medicine 

itself. The first reports of urine examination can be found in Babylonian and Sumerian 
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texts, 6000 years ago. Hippocrates (460-377 BC) denoted the value of urine examination 

in the diagnosis and prognosis of diseases (Magiorkinis E and Diamantis A, 2015). Later, 

Galen (129-c.200/c.216 AD) advocated that the condition of the four cardinal humours 

(black bile, yellow bile, phlegm and blood) could be assessed by inspecting the urine, 

which reflected the state of health. The physician could establish a diagnosis by 

examining the color, consistency, and taste of the patient’s urine and the matter 

suspended or sedimented in it. Uroscopy provided sufficient hints for differential 

diagnosis, as the direct examination of the patient was considered socially unacceptable 

(Seufert WD, 1996). During the Middle Ages, there were no significant progresses and 

only during the nineteenth century, with the use of microscope in the analysis of urine 

sediment, the microscopic examination of urine has replaced uroscopy (Magiorkinis E 

and Diamantis A, 2015).  

Nowadays, urinalysis is one of the more commonly performed laboratory studies 

and comprises a physical and gross examination (evaluation of color and turbidity), a 

dipstick chemical analysis (with tests for specific gravity, pH, blood, protein, glucose, 

ketones, urobilinogen, leukocyte esterase, and nitrites) and a microscopic examination 

of the urinary sediment to detect cells (erythrocytes, leucocytes, epithelial cells – 

squamous, transitional and renal tubular cells), casts, crystals, bacteria, yeast, and 

parasites (Castle EP et al., 2020). 

In the last decade, with advances in molecular biology techniques, urine has been 

perceived as an unlimited convenient source for novel biomarkers (exosomes, cells, 

proteins, and other small molecules) that might provide insights to human health, in 

particular LUT dysfunctions, such as OAB, bladder pain syndrome/interstitial cystitis 

(BPS/IC), and urinary tract infections (UTI) (Urinology Think Tank Writing Group, 2018).  

Urine is an optimal biospecimen for biomarker analysis because it can be easily 

and recurrently collected by non-invasive techniques, in relatively large volumes, and 

without discomfort to the patient. Urine contains cellular elements, biochemicals, and 

proteins derived from glomerular filtration of plasma, renal tubule excretion, and 

urogenital tract secretions that reflect, at a given time point, an individual's metabolic 

and pathophysiologic state (Harpole M et al., 2016). Ideally, a urinary biomarker would 

obviate the need for invasive and expensive procedures such as imaging, urodynamics, 

biopsy, or cystoscopy. Hence, urine is today one of the most attractive body fluids for 
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non-invasive testing with a proteome composed by 30% of plasmatic proteins and 70% 

of urinary tract desquamated cells (Decramer S et al., 2008). In OAB, several urinary 

molecules were investigated as putative biomarkers: neurotrophins, prostaglandins, 

cytokines, and ATP. This thesis has focused in the role of urinary neurotrophic factors in 

OAB. 

 

 

Neurotrophic Factors  

 

In the lower urinary tract, the storage and periodic elimination of urine are 

regulated by a complex neural control system in the brain and lumbosacral spinal cord, 

involving three sets of peripheral nerves: sacral parasympathetic (pelvic nerves), 

thoracolumbar sympathetic (hypogastric nerves and sympathetic chain), and somatic 

nerves (pudendal nerves). Parasympathetic efferent nerves contract the bladder and 

relax the urethra. Sympathetic efferent nerves relax the bladder and contract the 

urethra. Somatic efferent nerves contract the external urethral sphincter. The afferent 

innervation of the urinary bladder consists primarily of small myelinated (Aδ) and 

unmyelinated (C fiber) axons that respond to chemical and mechanical stimuli (de Groat 

WC et al., 2015). Immunochemical studies indicate that bladder afferent neurons 

synthesize several neurotransmitters and express various types of receptors and ion 

channels (transient receptor potential channels, purinergic, muscarinic, and 

neurotrophic factor receptors), responding to chemicals present in urine or released in 

the bladder wall from nerves, smooth muscle, inflammatory cells, and urothelial cells 

(de Groat WC and Yoshimura N, 2015). In this setting, neurotrophic factors have been 

implicated in the pathophysiological mechanisms underlying the sensitization of bladder 

afferent nerves that occur in OAB (de Groat WC and Yoshimura N, 2012).  

Neurotrophic factors include a wide array of polypeptides that promote neurite 

outgrowth, neuronal cell differentiation and survival, both in the central and peripheral 

nervous system (Pezet S and McMahon SB, 2006; Skaper SD, 2018). Neurotrophic factors 

can be classified into three families based on their structures, receptors, and signaling 

pathways: the neurotrophin family, the glial cell-derived neurotrophic factor (GDNF) 

family, and the neuropoetic cytokine family. 
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Neurotrophins represent master modulators of neural plasticity and are the most 

fully characterized group, which includes nerve growth factor (NGF), brain-derived 

neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4/5 (NT-4/5) 

(Pezet S and McMahon SB, 2006). All neurotrophins are synthesized as preproproteins of 

approximately 240-260 aminoacids, undergoing a series of posttranslational 

modifications, to form mature proteins of 118-129 amino acids (Frias B, 2011). 

Neurotrophins bind to two classes of transmembrane receptors to evoke distinct cellular 

responses, the tropomyosin-related kinase receptors (Trk) for cell survival and growth, 

and the p75 neurotrophin receptor (p75NTR), which may have a trophic effect or induce 

cell death, promoting apoptosis (Allen SJ and Dawbarn D, 2006; Cruz CD, 2014). These 

two classes of receptors are often present on the same cell and interact, coordinating 

and modulating the response to a neurotrophic stimulus (Huang EJ and Reichardt LF, 

2003). Whereas all neurotrophins may equally bind to p75NTR, affinity to Trk receptors 

are different among them. TrkA is the high-affinity receptor for NGF. BDNF and NT-4/5 

bind to TrkB and NT-3 preferentially binds to TrkC, albeit can also bind to TrkA and TrkB 

under certain circumstances (Pezet S and McMahon SB, 2006). Trk receptors display the 

structure of classical tyrosine kinase receptors, with two extracellular immunoglobulin 

(Ig)-like domains that are responsible for interaction with neurotrophins. Modified Ig-

like domains are able to sequester specific neurotrophins, suggesting that this 

interaction can be explored for therapeutic purposes (Ochodnicky P et al., 2012). Three 

main intracellular signaling pathways could be activated by transphosphorylation of the 

neurotrophin Trk receptors, including the mitogen-activated protein kinase 

(MAPK)/extracellular signal-regulated kinase (ERK) pathway, the phosphatidylinositol 3-

kinase (PI3K)/protein kinase B (PKB/Akt) pathway, and the phosphoinositide 

phospholipase C (PLC)-γ pathway. Each of these pathways mediates different but 

overlapping cellular responses (Huang EJ and Reichardt LF, 2003; Pezet S and McMahon 

SB, 2006; Skaper SD, 2018). All neurotrophins bind with lower affinity to the pan-

neurotrophin receptor p75NTR, a member of the death domain tumor necrosis factor 

(TNF) superfamily of receptors. These receptor types are known to promote apoptosis, 

by activating c-Jun-N-terminal kinase and nuclear factor k-light-chain-enhancer of 

activated B cells transcription factor (NF-kB), when activated by proneurotrophins. Upon 

binding of mature neurotrophins, on the other hand, p75NTR serves as a regulator and 
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interacting partner of Trk receptors that supports Trk-induced signaling, modifies Trk-

neurotrophin binding affinities and regulates endocytosis and retrograde transport of 

Trk receptors to downstream regulators (Ochodnicky P et al., 2012; Coelho A et al., 

2019). Mechanisms of action of NGF and BDNF are summarized in figure 4 (Coelho A et 

al., 2019). 

 

	
 

Figure 4. Mechanisms of action of NGF and BDNF (adapted from Coelho A et al., 

2019). 

NGF and BDNF are produced by a wide variety of cells, including epithelial (e.g. urothelium) and smooth 

muscle cells. They bind to high and low affinity receptors, respectively the Trk and p75 receptors, catalyzing 

downstream activation of signaling pathways. Ultimately, this results in modulation of cellular elements in the 

short-term. In the long-term, these signaling pathways may regulate gene expression and cell survival. 

Abbreviations: BDNF, brain-derived nerve factor; NGF, nerve growth factor; TrkA, tropomyosin-related kinase 

A; TrkB, tropomyosin-related kinase B. 

 

The survival promoting role of neurotrophins is not restricted to neuronal 

development, being also involved in the protection of neurons against various types of 

injury throughout life (Skaper SD, 2017). Thus, it is not surprising that a common trait of 

bladder dysfunction, irrespective of its origin, is an upregulation in synthesis and 

secretion of neurotrophins (Frias B et al., 2011). While neurotrophins modulate the 

peptidergic subpopulation of sacral visceral afferent neurons, GDNF regulates the non-

peptidergic subpopulation (Forrest SL and Keast JR, 2008). In fact, besides supporting 
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several neuronal populations in the central nervous systems (midbrain dopamine 

neurons and motoneurons), GDNF also promote the survival and regulate the 

differentiation of many peripheral neurons, including sympathetic, parasympathetic, 

sensory and enteric neurons (Sariola H and Saarma M, 2003). GDNF has further critical 

roles outside the nervous system in the regulation of kidney morphogenesis and 

spermatogenesis (Costantini F. Organogenesis 2010). GDNF binds to the GDNF family 

receptor α1 (GFRα1) and activates intracellular signaling cascades through the RET 

receptor tyrosine kinase (Sariola H and Saarma M, 2003). A crosstalk between GDNF and 

neurotrophins has been suggested, as both families of trophic factors activate common 

intracellular signaling pathways through their tyrosine kinase receptors (Airaksinen MS 

and Saarma M, 2002). 

The present review will mainly focus on the clinical and experimental evidence 

that supports a role for NGF and BDNF in the neural control of bladder function and in 

the emergence of OAB symptoms.  

 

 

a. Nerve Growth Factor 

 

NGF was first identified more than six decades ago, during a search for survival 

factors that could explain the deleterious effects of target tissue ablation on the 

subsequent survival of motor and sensory neurons, as a diffusible substance capable of 

inducing neurite outgrowth in explants from sympathetic and sensory ganglia 

(Hamburger V and Levi-Montalcini R, 1949; Levi-Montalcini R and Hamburger V, 1951; 

Hamburger V et al., 1981; Levi-Montalcini R, 1987).  

NGF is an essential trophic protein regulating the development and survival of 

small diameter primary dorsal root ganglia (DRG) neurons, postganglionic sympathetic 

neurons expressing TrkA (Pezet S and McMahon SB, 2006; Skaper SD, 2017), as well as 

some neural populations in the central nervous system (Ochodnicky P et al, 2011). 

Despite being a prototypical growth factor during development, NGF seems to serve as a 

more immediate modulator of nerve phenotype in adults (Coelho A et al., 2019). 

Tissue sources of NGF in the periphery are typically non-neuronal cells, including 

cells from the salivary glands (Watson AY et al., 1985; Nam JW et al., 2007), smooth 
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muscle cells (Steers WD et al., 1991), immune cells (Aloe L et al., 1992; Hefti FF et al., 

2006), epithelial cells (Pincelli C and Marconi A, 2000; Harrison SM et al., 2004; Stanzel 

RD et al., 2008) and urothelial cells (Birder LA et al., 2007).  

NGF is uptaken by peripheral nerve terminals and retrogradely transported via the 

axon to the cell bodies of DRG neurons. Neurons that establish this flow survive the 

period of developmental cell death, while those that do not, degenerate (basis of the so-

called neurotrophic hypothesis). Once the retrograde flow of neurotrophic factor is 

established, it must continue for the neuron’s lifetime in order to maintain a functional 

differentiated state of the neural cell (Yuen EC et al., 1996; Ochodnicky P et al., 2011). 

Although normal levels are low in adult tissue, they are sufficient to exert protective 

effects on peripheral innervation (Skaper SD, 2017).  

 

Nerve growth factor in the bladder  

 

NGF is the most well-studied neurotrophin in the LUT, fostered by the pioneer 

studies of Steers and colleagues (Steers WD et al., 1991), who demonstrated high levels 

of NGF in the bladders of rats after partial urethral obstruction and investigated its role 

in the regulation of neurite outgrowth of cultured major pelvic ganglion neurons (Tuttle 

JB and Steers WD, 1992; Tuttle JB et al., 1994a; Tuttle JB et al., 1994b). The interest as a 

potential biomarker also emerged from the evidence that NGF is a regulator of sensory 

afferent plasticity in response to injury or inflammation (Ochodnicky P et al., 2011).  

In the bladder, NGF is secreted by smooth muscle cells (Persson K et al., 1997; 

Tanner R et al., 2000) and urothelium (Lowe EM et al., 1997; Birder LA et al., 2007). 

Interestingly, urothelial cells express both TrkA and p75NTR (Murray E et al., 2004), 

being modulated by NGF. Finally, NGF can also be found in the cell bodies of bladder 

sensory afferents (Sasaki K et al., 2002) and major pelvic ganglia (Murray E et al., 2004).  

In humans and in rodents, the production of NGF in the LUT and in the neuronal 

circuits regulating bladder function is increased in pathological conditions, including 

cystitis and spinal cord injury (Lowe EM et al., 1997; Vizzard MA, 2000; Murray E et al., 

2004). Although there is no data on the effects of exogenous neurotrophin 

administration on human bladder function, in experimental studies, NGF induced 

bladder overactivity when administered to the bladder or intrathecally to lumbosacral 
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spinal cord (Lamb K et al., 2004; Yoshimura N et al., 2006; Zvara P and Vizzard MA, 

2007). Likewise, modulation of NGF levels through TrkA blockade or NGF sequestration 

normalized bladder function (Hu VY et al., 2005; Cruz CD, 2014). Interestingly, NGF 

regulates other key receptors for sensory activity, as transient receptor potential 

vanilloid 1 (TRPV1), an acid-sensitive, heat-sensitive and capsaicin-sensitive cationic 

channel (Avelino A and Cruz F, 2006). It has been shown that bladder overactivity 

following the systemic injection of NGF is virtually absent in TRPV1-knockout mice (Frias 

B et al., 2012). This indicates that modulation of TRPV1 represents the primary 

mechanism of NGF-induced hypersensitization of bladder afferents and modulation of 

urothelial function. Peripheral mechanisms involved in the neurotrophin-mediated 

development of bladder overactivity are resumed in figure 5 (Ochodnicky P et al., 2012).  

Experimental studies addressing the manipulation of NGF levels have been difficult 

to translate into the clinics. The first trials in humans of anti-NGF antibodies were 

conducted over a decade ago (Lane NE et al., 2010). In the urology field, anti-NGF 

antibodies are already being investigated in BPS/IC (Evans RJ et al., 2011; Nickel JC et al., 

2016). Tanezumab was the first to be investigated, and a new antibody, ASP6294, is 

currently being investigated in a phase 2 clinical trial (SERENITY study) (Dellis AE 

and Papatsoris AG, 2018). Whether the data from BPS/IC can be translated to OAB is 

unknown.  

 

 

b. Brain-Derived Neurotrophic Factor 

 

BDNF is the most abundant neurotrophin in the brain and promotes the growth 

and maturation of the central and peripheral nervous systems (Pezet S et al., 2002), and 

synaptic plasticity, such as long-term potentiation and learning (Jasińska KK et al., 2016). 

In adulthood, BDNF has been implicated in the regulation of neural transmission and 

plasticity in many areas of the central nervous system, including the hippocampus, visual 

cortex and spinal cord (Schinder AF and Poo M, 2000). 
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Figure 5. Neurotrophin-mediated development of bladder overactivity: peripheral 

mechanisms (Ochodnicky P et al., 2012).  

In urinary bladder, NGF (shown in blue) is produced by several cell types—including urothelium, mast cells and 

detrusor smooth muscle cells – upon stretch or inflammation. The urothelium also potentially produces BDNF 

(shown in red). NGF binding to TrkA receptors on the urothelium might directly activate urothelial sensory ion 

channels, such as TRPV1 (shown in purple), or increase expression of TRPV1 and MSC (shown in pink). 

Increased TRPV1 and MSC activity stimulate the release of urothelial mediators, such as ATP, which sensitize 

the underlying afferents. In addition, NGF activates TrkA receptors expressed on suburothelial afferent C-fiber 

terminals, directly sensitizing neuronal TRPV1, MSCs and voltage-gated ion channels (shown in orange). The 

TrkA-NGF complex is internalized (dashed lines) and retrogradely transported to cell bodies in lumbosacral 

DRG, where de novo transcription of TRPV1, VGCs, MSCs and additional sensory ion channels (including 

purinergic P2X3 receptor for ATP; shown in green) is initiated. These newly synthesized ion channels are 

anterogradely transported back to afferent terminals to contribute to peripheral hypersensitivity. 

Neurotrophin receptors TrkB (shown in red) and p75NTR (shown in black) are also expressed on both 

urothelium and afferent terminals, although their role has not yet been completely defined.  

Abbreviations: ATP, adenosine triphosphate; BDNF, brain-derived nerve factor; BOO, bladder outlet 

obstruction; BPS, bladder pain syndrome; DRG, dorsal root ganglia; MSC, mechanosensory channel; NGF, 

nerve growth factor; OAB, overactive bladder syndrome; P2X3, P2X purinoceptor 3; TrkA, tropomyosin-related 

kinase A; TrkB, tropomyosin-related kinase B; TRPV1, transient receptor potential cation channel vanilloid 

subfamily member 1; VGC, voltage-gated ion channel.  

 

As NGF, BDNF is constitutively synthesized by a subpopulation of small- and 

medium-sized peptidergic DRG neurons (Merighi A et al., 2004), but also by non-
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muscle are thought to be the major sources of NGF 
(Figure!1). In culture, NGF controls the survival and 
outgrowth (axon and dendrite) of sensory neurons from 
the DRG, as well as the sympathetic neurons of the major 
pelvic ganglia (MPG; projecting postganglionic efferent 
axons to the bladder).18,19 This essential facet of neuro-
trophin action has been demonstrated in the bladders of 
transgenic mice that overexpress NGF in the urothelium, 
which are characterized by extensive hyperinnervation 
caused by nerve fibre expansion of sympathetic neurons, 
unmyelinated C fibres and A"-myelinated afferents.20

The survival-promoting role of neurotrophins is not 
restricted to neuronal development; these peptides also 
protect neurons against various types of injury, including 
hypoxic, excitotoxic and hypoglycaemic damage. Thus, 
it is not surprising that infiltrating inflammatory cells 
such as mast cells can produce NGF, which modulates 

neuronal function under inflammatory conditions.21,22 
Elevated bladder NGF levels have been reported in 
animal models of chemical, neurogenic and immune-
mediated inflammation,23–25 suggesting that an increase 
in NGF release represents a generalized response to 
bladder inflammation.26 During the development of 
adult organisms, neurotrophins switch roles from pro-
survival factors to general regulators of differentiaton 
and functional neuronal phenotype. This neuromodula-
tion is achieved via the regulation of neuronal expression 
profiles, including those of neuropeptides, neurotrans-
mitters and membrane ion channels.11,27 Peripheral 
sensory neurons are specifically sensitive to the neuro-
modulatory effects of NGF, as highlighted by the role 
of this peptide in the regulation of pain perception.11,27 
In clinical trials of patients with neuropathy and neuro-
degeneration, NGF has been shown to induce acute 
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Figure 1 | Peripheral mechanisms involved in the neurotrophin-mediated development of bladder overactivity. In urinary 
bladder, NGF (shown in blue) is produced by several cell types—including urothelium, mast cells and detrusor smooth 
muscle cells—upon stretch or inflammation. The urothelium also potentially produces BDNF (shown in red). NGF binding to 
TrkA receptors on the urothelium might directly activate urothelial sensory ion channels, such as TRPV1 (shown in purple), 
or increase expression of TRPV1 and MSC (shown in pink). Increased TRPV1 and MSC activity stimulate the release of 
urothelial mediators, such as ATP, which sensitize the underlying afferents. In addition, NGF activates TrkA receptors 
expressed on suburothelial afferent C-fibre terminals, directly sensitizing neuronal TRPV1, MSCs and voltage-gated ion 
channels (shown in orange). The TrkA-NGF complex is internalized (dashed lines) and retrogradely transported to cell 
bodies in lumbosacral DRG, where de!novo transcription of TRPV1, VGCs, MSCs and additional sensory ion channels 
(including purinergic P2X3 receptor for ATP; shown in green) is initiated. These newly synthesized ion channels are 
anterogradely transported back to afferent terminals to contribute to peripheral hypersensitivity. Neurotrophin receptors 
TrkB (shown in red) and p75NTR (shown in black) are also expressed on both urothelium and afferent terminals, although 
their role has not yet been defined. Abbreviations: ATP, adenosine triphosphate; BDNF, brain-derived nerve factor; BOO, 
bladder outlet obstruction; BPS, bladder pain syndrome; DRG, dorsal root ganglia; MSC, mechanosensory channel; NGF, 
nerve growth factor; OAB, overactive bladder syndrome; P2X3, P2X purinoceptor 3; TrkA, tropomyosin-related kinase A; TrkB, 
tropomyosin-related kinase B; TRPV1, transient receptor potential cation channel vanilloid subfamily member 1; VGC, 
voltage-gated ion channel.
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neuronal cells, including the urothelium, lung and colon (Lommatzsch M et al., 1999; 

Ochodnicky P et al., 2012). Albeit BDNF is considered a central modulator, it is also 

relevant to the activation of nociceptive neurons at the periphery. It has been shown 

that intraplantar administration of BDNF induces transient hyperalgesia possibly by 

sensitizing peripheral sensory neurons (Frias B et al., 2011). Central mechanisms 

underlying neurotrophin-mediated development of bladder overactivity are 

comprehensively described in figure 6 (Ochodnicky P et al., 2012). 

 

 
 

Figure 6. Neurotrophin-mediated development of bladder overactivity: central 

mechanisms (Ochodnicky P et al., 2012). 

Upon TrkA- mediated stimulation with NGF, DRG neurons increase synthesis of excitatory neuromediators, 

such as BDNF, substance P, CGRP, and voltage-gated ion channels, which are transported anterogradely to 

primary afferent terminals in the lumbosacral spinal cord. Following the synaptic release, BDNF, substance P 

and CGRP activate their corresponding receptors (TrkB, NK1 and CGRP, respectively) to induce central 

sensitization of nociceptive and conceivably micturition pathways. One of the mechanisms of central 

sensitization involves BDNF-induced activation of the glutamate N-methyl-D-aspartate (NMDA) receptor, an 

excitatory pathway. Enhanced voltage-gated ion channel activity could contribute towards increased firing of 

bladder afferents. Following sensitization and activation of the central (spinobulbospinal) micturition reflex, 

excessive efferent stimulation could eventually contribute to detrusor overactivity.  

Abbreviations: BDNF, brain-derived nerve factor; CGRP, calcitonin gene-related peptide; CGRPR, calcitonin 

gene-related peptide receptor; DO, detrusor overactivity; DRG, dorsal root ganglia; Glu, Glutamate; NGF, 

nerve growth factor; NK1, neurokinin-1 receptor; NMDA, N-methyl-D-asparate; MPG, major pelvic ganglia; SP, 

substance P; Trk, tropomyosin-related kinase; VGC, voltage-gated ion channel.  
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pain and hyperalgesia.28,29 Given that altered sensations 
in the bladder underlie the symptoms of urgency and 
frequency, it is not surprising that neurotrophins might 
be involved in the development of OAB and BPS.30

Although no data have been published on the effects 
of exogenous neurotrophin administration on human 
bladder function, experimental evidence clearly shows 
that NGF modulates micturition pathways when 
administered to the bladder or spinal cord. Acute intra-
vesical administration of NGF in rats31,32 and transgenic 
urothelium- specific NGF overexpression in mice20 result 
in sensitization of bladder afferents, increased frequency 
of micturition contractions and reduced micturition 
threshold (as measured by cystometry). Infusion of NGF 
into the bladder wall increases the expression of excita-
tory neurotransmitters, such as calcitonin gene-related 
peptide in the lumbosacral spinal cord (Figure!2).33 
This process, which is thought to involve an uptake of 
peripheral NGF by TrkA and retrograde transport of the 
NGF-TrkA complex to DRG cell bodies and their spinal 
projections, induces synaptic plasticity in the spinal 
cord (Figure!2). Thus, it is not surprising that not only 
peripheral, but also intrathecal, delivery of NGF to the 
lumbosacral spinal cord induces bladder overactivity 
and modulates the activity of several voltage-gated ion 

channels—for example, tetrodotoxin-resistant sodium 
channels and transient A-type potassium channels—in 
rat DRG afferents.34 It has been shown that bladder over-
activity following the systemic injection of NGF is virtu-
ally absent in TRPV1-knockout mice.35 This implies that 
modulation of TRPV1—an acid-sensitive, heat-sensitive 
and capsaicin-sensitive cationic channel—represents the 
primary mechanism of NGF-induced hypersensitization 
of bladder afferents36,37 and modulation of urothelial func-
tion (Figure!1).38 Although several other NGF-induced 
sensitizing mechanisms have been described in noci-
ceptors, their importance for bladder sensory pathways 
has not yet been characterized in detail (Figure!2).

Several populations of mammalian sensory neurons 
seem to be dependent on members of the neuro trophin 
family other than NGF, such as BDNF, NT-3 and 
NT-4.18,39,40 Similarly to NGF, BDNF has been identi-
fied in the peripheral tissues of the bladder, including 
the urothelium and detrusor muscles.41,42 NT-3 and 
NT-4 might also be expressed in the bladder, although 
their exact role and location are unclear.43 Upon TrkA-
mediated stimulation with NGF, several subpopulations 
of DRG neurons release BDNF (Figure!2).44,45 BDNF 
released into the spinal cord might control central syn-
aptic plasticity, possibly by potentiating activation of 
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Figure 2 | Central mechanisms involved in the neurotrophin-mediated development of bladder overactivity. Upon retrograde 
transport of TrkA-NGF complexes along the afferent fibres from the bladder, DRG neurons increase synthesis of excitatory 
neuromediators, such as substance P, CGRP, BDNF and voltage-gated ion channels, which are transported anterogradely to 
primary afferent terminals in the lumbosacral spinal cord. Following the synaptic release, substance P (shown in green), 
CGRP (shown in brown) and BDNF (shown in red) activate their corresponding receptors (NK1, CGRP receptor and TrkB, 
respectively) to induce central sensitization of nociceptive, and possibly also micturition, pathways. One of the mechanisms 
of central sensitization involves BDNF-induced activation of the NMDA receptor for excitatory mediator glutamate (shown in 
grey). Enhanced voltage-gated ion channel activity could contribute towards increased firing of bladder afferents. NGF and 
TrkA are also detected in the spinal cord, but their origin and function remain unknown. Following sensitization and 
activation of the central (spinobulbospinal) micturition reflex, excessive efferent stimulation could eventually contribute to 
DO. Abbreviations: BDNF, brain-derived nerve factor; CGRP, calcitonin gene-related peptide; CGRPR, calcitonin gene-related 
peptide receptor; DO, detrusor overactivity; DRG, dorsal root ganglia; Glu, Glutamate; NGF, nerve growth factor; NK1, 
neurokinin-1 receptor; NMDA, N-methyl-D-asparate; MPG, major pelvic ganglia; SP, substance P; Trk, tropomyosin-related 
kinase; VGC, voltage-gated ion channel.
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Brain-derived neurotrophic factor in the bladder 

 

Although less researched than NGF, recent studies suggested a relevant role of 

BDNF in bladder function, both in normal and in pathological conditions. Increased BDNF 

expression was described in the urothelium of inflamed and chronic obstructed rat 

bladders (Pinto R et al., 2010a; Zvara P et al., 2002), as well in the urothelium of bladder 

cancer patients (Huang et al., 2010; Lai PC, et al. 2010). Moreover, the expression of 

TrkB is also abundant in sensory neurons innervating the bladder wall (Qiao and Vizzard, 

2002; Murray et al., 2004; Qiao LY and Grider JR, 2007). 

The evidence from recent preclinical studies implicates a pathological role of BDNF 

in dysfunctional voiding. The cyclophosphamide-induced bladder overactivity was 

markedly reduced after intravenous (Pinto R et al., 2010a) or intrathecal administration 

(Frias B et al., 2013) of a BDNF antibody (recombinant TrkB-Ig2), supporting a central 

and peripheral action of BDNF in mediating bladder overactivity. Furthermore, chronic 

intrathecal administration of BDNF could not elicit the transient bladder overactivity 

reportedly evoked by acute intrathecal BDNF administration in normal rats (Frias B et al., 

2013).  

More recently, in order to evaluate the contribution of BDNF per se in bladder 

overactivity, Kashyap and colleagues (Kashyap et al., 2018) tested whether genetic 

overexpression of BDNF in bladder could recapitulate the bladder overactivity in normal 

rats in the absence of any chemical insults or nerve injury. They found that one week 

after BDNF gene transfection into the rat bladder wall, BDNF overexpression in bladder 

tissue and elevation of urine BDNF levels were observed together with increased 

transcript of BDNF, its cognate receptors (TrkB and p75NTR), and downstream PLC-γ 

isoforms in bladder. BDNF overexpression induced a bladder overactivity phenotype. 

Moreover, the authors demonstrated several genomic changes in the bladder efferent 

and afferent neurons, induced by the overexpression of BDNF: 1) a significant increase in 

the atropine- and neostigmine- sensitive component of nerve-evoked contractions and 

upregulation of choline acetyltransferase, vesicular acetylcholine transporter, and 

organic cation transporter (Oct) 2 and α1-adrenergic receptors, supporting a role for 

BDNF-mediated enhancement of prejunctional cholinergic transmission in bladder 

overactivity; 2) a higher expression of transient receptor channels (TRPV1 and TRPA1) 
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and pannexin-1 channels in conjunction with elevation of ATP and neurotrophins in the 

bladder and in L6/S1 DRG together, supporting a role for sensitized afferent nerve 

terminals in bladder overactivity (Kashyap et al., 2018). These findings demonstrate that 

overexpression of BDNF alone is capable of genomic changes in the efferent 

(cholinergic) and afferent neurons of the bladder, establishing a mechanistic link 

between elevated BDNF levels in urine and dysfunctional voiding observed in animal 

models and in OAB patients. 

In contrast to what was discussed with NGF, BDNF sequestering therapeutic effect, 

was never tested in humans with LUT disorders.  

 

 

c. Urinary Neurotrophins: Potential Biomarkers of OAB 

 

Regular bladder function is controlled by highly complex neural circuits involving 

supraspinal, spinal, and peripheral mechanisms (Fowler CJ et al., 2008). The presence of 

urgency indicates a functional alteration of the bladder afferent pathway (Cruz F et al., 

1997a, 1997b). During storage, normal sensation is communicated to the lumbosacral 

spinal cord by fast-conducting Aδ-myelinated afferent axons, which respond to normal 

bladder distention and contraction. Also, under normal conditions, “silent” 

unmyelinated C fibers mediate responses to noxious stimuli, such as inflammation, and 

do not respond to bladder filling. In humans, the primary cell bodies of Aδ and C fibers 

are located in the lower lumbar (T11–L2) and sacral (S2–S4) DRG and project to spinal 

interneurons and tract neurons, relaying sensory information to central micturition 

control pathways (de Groat WC et al., 2015). Whereas the Aδ fiber endings are located 

in the vicinity of the smooth muscle layers, many of the unmyelinated C fibers end in the 

urothelium and immediate suburothelial layer (Ochodnicky P et al., 2012). As part of the 

bladder “sensory web”, urothelial cells respond to stretch or chemical stimuli by 

producing mediators, such as acetylcholine, ATP and, ultimately, neurotrophins that 

modulate the function of underlying urothelial or suburothelial afferent fibers (Birder LA 

and de Groat WC, 2007). Intensity of afferent firing is primarily determined by the 

activity of mechanosensitive, acid-sensitive, ligand-gated and voltage-gated ion 

channels, including TRPV1 and TRPV4, and P2X2 and P2X3 receptors (Cruz F 1997a, 
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1997b, Kanai A and Andersson KE, 2010). Opening of the sensory ion channels can be 

enhanced or suppressed by a wide variety of urothelial and inflammatory-cell-derived 

regulators, including neurotrophins. 

Neurotrophins may identify OAB patients with a sensory pathophysiology. As 

previously stated, they control the threshold of bladder sensory nerves, in particular C 

fibers, and may therefore be implicated in the emergence of urgency (Silva C et al., 

2002; Ochodnicky P et al., 2012). Moreover, remodeling of the central micturition 

pathways, either primary or secondary to peripheral sensitization, could eventually lead 

to excessive efferent stimulation of detrusor muscle and, ultimately, to detrusor 

overactivity (Ochodnicky P et al., 2012). The accumulation of the findings described 

above has led to the investigation of urinary levels of NGF, the most well studied 

neurotrophin, as a potential biomarker of OAB (Liu HT and Kuo HC, 2008a; Seth JH et al., 

2013). Recent studies have demonstrated the presence of NGF in the urine of OAB 

patients (Kim JC et al., 2006; Liu HT and Kuo HC, 2008, 2009; Liu HT et al., 2009a, 2009b, 

2011a). Levels were significantly higher than in healthy individuals and subsided after 

successful treatment with antimuscarinics (Liu HT et al., 2009b) or botulinum toxin-A 

(Liu HT et al., 2009a), in parallel with a reduction of symptoms, which indicates a 

potential use in monitoring responses to treatment. Based on these results, some 

authors have forwarded the use of NGF as a potential biomarker of OAB (Kuo HC et al., 

2010a, 2010b, 2011; Seth JH et al., 2013).  

A growing number of publications have also measured urinary levels of NGF in 

other types of bladder dysfunction: BPS/IC (Liu HT et al., 2009c, 2010; Jacobs BL et al., 

2010; Pinto R et al., 2010b), idiopathic and neurogenic detrusor overactivity (Liu HT et 

al., 2009a), MUI (Liu HT et al., 2008) and BOO (Kim JC et al., 2005; Liu HT and Kuo HC, 

2008b). In these pathological states, urinary levels of NGF were raised compared with 

healthy controls, and thus are not specific for OAB symptoms. In addition, measurement 

of urinary NGF by enzyme-linked immunosorbent assay (ELISA) also lacks sensitivity (in 

nearly 30% of patients urinary NGF is low or not measurable) and requires 

standardization.  

Despite growing evidence for increased urinary levels of NGF in OAB, there are still 

many issues related to its validity, reproducibility and possible translation to clinical 

practice. In fact, a definition of what is the normal range of NGF in urine is still required, 
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and many other criteria need to be evaluated before NGF can finally come of age as a 

biomarker of OAB. On the other hand, NGF alone may be insufficient, as many other 

factors are involved in the complex pathophysiology of this condition. Until now, no one 

investigated urinary levels of other neurotrophic factors in OAB patients, nor the 

chronobiological variations of their urinary levels in normal individuals of both sexes. It is 

possible that, as occurs with other proteins, the secretion of neurotrophic factors 

follows a rhythm, either circadian or along several weeks or months. Furthermore, this 

knowledge is relevant for both genders, as many LUT dysfunctions affect differently men 

and women. Finally, one of the main limitations of the studies published so far is the lack 

of an adequate control group. 

From the previous review, it becomes clear that neurotrophins are emerging as 

key players in OAB. Exploring their role as biomarkers will primarily contribute to a 

better understanding of the pathophysiological mechanisms of this prevalent bladder 

disorder.  

 

 

III. OVERACTIVE BLADDER: A MULTIFACTORIAL SYNDROME 

 

Recently, we have been assisting to a paradigm shift in OAB approach, which is 

seen by most clinicians as rather a multifactorial syndrome than a cryptogenic condition. 

The categorization of patients with idiopathic OAB according to different underlying 

pathophysiologies could potentially improve the clinical problem of failed or refractory 

treatment, changing the current standard of general symptomatic management to more 

effective individualized specific therapies, directed to underlying causes (Peyronnet B et 

al., 2020) (figure 7). This is the basis of the new current model of precision medicine, 

defined by the National Institutes of Health (NIH) as “an emerging approach for disease 

treatment and prevention that takes into account individual variability in genes, 

environment, and lifestyle for each person” and as the process of “delivering the right 

treatments at the right time, every time to the right person”. This approach will allow to 

predict more accurately which treatment and prevention strategies for a particular 

disease will work in which groups of people. It is in contrast to a one size fits all 
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approach, in which disease treatment and prevention strategies are developed for the 

average person, with less consideration for the differences between individuals. 

 

 
 

Figure 7. From assessment of multifactorial OAB pathophysiology to a tailored 

treatment approach (adapted from Peyronnet B et al., 2019). 

 

In this thesis, two little explored and unclear OAB etiologies/phenotypes were 

comprehensively investigated and will be further discussed. 

 

 

1. After a Midurethral Sling Surgery in Women with Stress Urinary Incontinence 

 

More than one tenth of women submitted to a midurethral sling (MUS) procedure 

develop de novo urgency, and eventually UUI (Salin A et al., 2007; Laurikainen E et al., 

2014; Kim SW et al., 2014). Not surprisingly, this complication is rather devastating. In 

addition to the negative impact caused by the reappearance of incontinence, in contrast 

to what happened before surgery, when episodes of SUI could be easily predicted and 

eventually controlled, now the symptom arises unexpectedly and without a clear 

precipitating factor. Potential causes of de novo urgency after a MUS placement include 
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postoperative UTI, BOO or perforation of the urinary tract (Abraham N and Vasavada S, 

2014; Marcelissen T and Van Kerrebroek P, 2017). These are easily identifiable and 

treatable causes. More complex to manage is the de novo urgency, that arises gradually 

after months of a MUS placement. Generally, no obvious cause for the appearance of 

this symptom can be identified (Crescenze IM et al., 2016). 

The identification of women at risk for developing de novo urgency before a MUS 

placement is generally impossible. While the pursuit of relevant biomarkers associated 

with OAB has focused the attention of many researchers in recent years, very few 

studies have been performed in women with de novo urgency after surgical treatment 

of SUI, in order to elucidate its pathophysiology, identify patients at risk, and improve 

counseling regarding prognosis. Chai and co-workers (Chai TC et al., 2014) investigated 

inflammatory and tissue remodeling urinary biomarkers before and one year after a 

MUS for SUI. They reported that average levels of urinary NGF significantly increased 

after a MUS procedure (Chai TC et al., 2014), suggesting that bladder sensory fibers are 

at risk of sensitization, eventually leading to the appearance of de novo urgency and UUI 

in some patients (Ochodnicky P et al., 2012).  

 

 

2. Aging and Chronic Bladder Ischemia 

 

Increasing evidence suggests that atherosclerosis and subsequent chronic pelvic 

ischemia (CPI) affecting the bladder may be a cause of LUTS in advancing age (Pinggera 

GM et al., 2008; Camões J et al., 2015). Several experimental models using rabbits and 

rats have demonstrated that CPI leads to bladder ischemia. It is well-known that 

prolonged bladder ischemia induces morphological and functional changes in bladder 

innervation, urothelium, detrusor muscle, and the endothelium of microvessels 

(Yamaguchi O et al., 2014). Interestingly, studies with these models indicate that the 

severity and duration of bladder ischemia is relevant to the type of bladder dysfunction. 

In other words, moderate ischemia is associated with bladder hyperactivity, whereas 

severe and long-term ischemia would result in bladder underactivity (Nomiya M et al., 

2014; Yamaguchi O et al., 2014; Zhao Z et al., 2016; Andersson KE et al., 2017) (figure 8). 
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Figure 8. Chronic bladder ischemia as a cause of LUTS (Yamaguchi O et al., 2014). 

 

A number of cardiovascular, metabolic, and endocrine factors may be associated 

with the development of LUTS. Vascular endothelial dysfunction also occurs during the 

human aging process and is an independent risk factor for the development of 

atherosclerosis and hypertension (Yamaguchi O et al., 2014). Ponholzer et al. (Ponholzer 

A et al., 2006) have investigated the association between LUTS and vascular risk factors 

(hypertension, hyperlipidemia, diabetes mellitus, nicotine use) and reported that the 

international prostate symptom score (IPSS) increased significantly in both men and 

women with two or more risk factors, suggesting the potential role of atherosclerosis in 

the development of LUTS in both genders. Atherosclerosis-induced arterial insufficiency 

is a very common clinical problem in the elderly. Moreover, the abdominal aorta and its 

branches, especially the bifurcation of the iliac arteries, are particularly vulnerable to 

atherosclerotic lesion (Tarcan T et al., 1998), suggesting that atherosclerotic obstructive 

changes distal to the aortic bifurcation will have consequences for the distal vasculature 

and for bladder blood flow. Atherosclerosis potentially causes a reduction of pelvic 

blood flow, leading to chronic bladder ischemia. In this respect, men are even more 

vulnerable to its consequences, since BOO by itself may also reduce bladder blood flow. 

bladder ischemia depends on the degree and duration of
ischemia. Moderate ischemia may cause DO and storage
symptoms via sensitization of afferent pathways56 as well as
via a postjunctional supersensitivity due to partial denervation
of the detrusor muscle57 (Fig. 1). When bladder ischemia
becomes severe, progression of denervation and damage to
detrusor muscle may cause detrusor underactivity and voiding
symptoms.

FUTURE RESEARCH

Histopathophysiologic changes observed in these animal
models of chronic bladder ischemia appear to be similar in
many ways to those reported in BOO models. This would
suggest that chronic bladder ischemia might be a common
cause in the development of bladder dysfunction in both
conditions; however, the BOO models show higher maximum
pressure during the voiding phase and bladder weight changes
that are quite different from those caused by chronic bladder
ischemia in the absence of BOO. There seems to be no published
experience on the changes in electrophysiologic properties of
the smooth muscle in atherosclerosis-induced chronically
ischemic bladders.
The increased bladder activity under ischemic/hypoxic

conditions might be a defensive mechanism, because contin-
ued urine storage and distension will induce vessel compres-
sion, which in turn will worsen the ischemia/hypoxia by
consuming more energy during the voiding phase. However,
lack of perfusion, repeated ischemia/reperfusion during the
micturition cycle, and accumulation of noxious oxidative
elements in the bladder might eventually lead to the failure
of defensive mechanisms, inducing a decompensated state
(bladder underactivity) with a postvoid residual volume. Thus,
whether chronic medical treatment for OAB has a positive or
negative impact on bladder hyperactivity under ischemic/
hypoxic conditions would be a target for future research.

CONCLUSION

LUTS occur commonly in bothmen andwomen, and show an
increasing prevalence with age. Recent studies suggest that

arterial occlusive disease (atherosclerosis), a common aging-
associated disorder, has a role in the pathogenesis of lower
urinary tract dysfunction, such as DO. Chronic ischemia
secondary to BOO and atherosclerosis-induced chronic ische-
mia share common pathophysiological mechanisms. A better
understanding of the similarities and differences in both
conditionsmay lead tomore accurate assessments of LUTS, and
to better treatments of the condition.
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Fig. 1. Chronic bladder ischemia as a cause of LUTS.
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In the obstructed bladder, there is a reduction of blood flow due to the effect of raised 

intravesical pressure during voiding or the increased tissue pressure in the bladder wall 

during filling (Yamaguchi O et al., 2014; Thurmond P et al., 2016). Therefore, men may 

develop LUTS due to both atherosclerosis and BOO, which could act simultaneously and 

perhaps synergistically to increase consequences of bladder ischemia (Andersson KE et 

al., 2017; Bosch R et al., 2019). 

Advanced age is strongly associated with functional, cellular and molecular 

changes in vasculature, causing morphological and functional changes in the bladder 

(Camões J et al., 2015). Aging-related endothelial dysfunction is associated with a 

reduction of nitric oxide (NO) bioavailability, oxidative stress and consequent 

dysfunctional production of vasoconstrictor and vasodilator factors, prolonged low-

grade inflammation, impaired angiogenesis and endothelial cell senescence (Andersson 

KE et al., 2017). All these cellular changes are believed to contribute to the increased 

prevalence of LUTS among elderly subjects. Moreover, the fact that α1-blockers, the 

mainstay therapy for male LUTS, can improve bladder blood flow, promote smooth 

muscle relaxation and reduce afferent signaling and oxidative stress in the context of 

ischemia, further supports the hypothesis of vascular dysfunction in the 

etiopathogenesis of LUTS (Thurmond P et al., 2016; Andersson KE et al., 2017).  

Although the impact of atherosclerosis-induced chronic bladder ischemia alone on 

bladder function is not easily studied directly in humans, several experimental studies 

were recently carried out to investigate this issue (Nomiya M et al., 2012, 2014). In an 

initial phase, ischemia, through activation of molecular cascades with cell survival 

signaling, upregulation of cytokines and accumulation of inflammatory mediators, 

results in overactivity (Thurmond P et al., 2016). In particular, increased expression of 

NGF, prostaglandins, proinflammatory cytokines, HIF-1α, transforming growth factor 

(TGF)-β, vascular endothelial growth factor (VEGF), cytokine-inducible nitric oxide 

species (iNOS) and decreased endothelial and neuronal NOS (eNOS and nNOS) seem to 

take part in this response to ischemia in urothelial cells (Azadzoi KM et al., 2011; 

Thurmond P et al., 2016). Prolonged and severe ischemia, by exhausting smooth muscle 

energy resources, due to excessive metabolic demands for adaptation to the extreme 

levels of hypoxia, results in mitochondrial damage, smooth muscle atrophy, fibrosis, 

contractile dysfunction, as well as further neurodegeneration, progressing from 
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overactivity to underactivity (Zhang Q et al., 2014; Zhao Z et al., 2016; Andersson KE et 

al., 2017) (Figure 9).  

 

 
 

Figure 9. Possible mechanisms for LUTS induced by chronic bladder ischemia and 

oxidative stress (adapted from Andersson KE et al., 2017).  
Severe and prolonged ischemia may induce progression from DO/OAB to DU/UAB. 

Abbreviations: DO, detrusor overactivity; DU, detrusor underactivity; iNOS, inducible nitric oxide; LUTS, lower 

urinary tract symptoms; nNOS, neuronal nitric oxide; OAB, overactive bladder; UAB, underactive bladder.  
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The main objectives of this thesis were: 

 

Publication I 

• To measure urinary levels of NGF, BDNF and GDNF in healthy individuals of 

both genders, and assess their chronobiological variation. 

• To measure urinary levels of NGF, BDNF and GDNF in female OAB patients, 

before and after non-pharmacological (lifestyle intervention) and 

pharmacological treatment (antimuscarinics). 

• To investigate the association between the variation of urinary levels of 

neurotrophic factors and OAB symptoms, after non-pharmacological (lifestyle 

intervention) and pharmacological treatment (antimuscarinics). 

 

Publication II 

• To measure urinary levels of NGF and BDNF in women with stress urinary 

incontinence, before and after a midurethral sling surgery. 

• To investigate the association between urinary neurotrophin levels and the 

appearance of de novo urgency in women with stress urinary incontinence 

after a midurethral sling surgery. 

 

Publication III 

• To investigate the severity of LUTS and measure urinary levels of 

neuroinflammatory (NGF and BDNF), inflammatory and oxidative stress 

markers in elderly men with chronic pelvic ischemia. 
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Urinary Neurotrophic Factors in Healthy Individuals and Patients
with Overactive Bladder

Tiago Antunes-Lopes,* Rui Pinto, Sérgio C. Barros, Francisco Botelho,
Carlos M. Silva, Célia D. Cruz and Francisco Cruz†
From the Department of Urology, Hospital de S. João (TAL, RP, FB, CMS, FC) and Department of Experimental Biology (SCB, CDC),
Faculty of Medicine (TAL, RP, FB, CMS, FC) and Institute for Molecular and Cell Biology (TAL, RP, SCB, CMS, CDC, FC), University of
Porto, Porto, Portugal

Purpose: We investigated urinary levels of nerve growth factor, brain-derived
neurotrophic factor and glial cell line-derived neurotrophic factor in healthy
individuals and patients with overactive bladder.
Materials and Methods: Urine from 40 healthy volunteers, half of them male
and half female, was collected in the morning, afternoon and evening on 2
occasions 3 months apart. Morning urine samples were collected from 37 female
naïve patients with overactive bladder. A total of 24 patients were followed. Urine
was collected after a 3-month lifestyle intervention and after 3-month antimusca-
rinic treatment (oxybutynin 10 mg, extended release). Urinary nerve growth factor,
brain-derived neurotrophic factor and glial cell line-derived neurotrophic factor con-
centrations were measured by enzyme-linked immunosorbent assay and normalized
to creatinine. Patients completed a 7-day bladder diary combined with an urgency
severity scale. The number of urgency episodes per week was counted.
Results: In healthy individuals urinary levels of neurotrophic factors were sta-
ble. In patients with overactive bladder the nerve growth factor-to-creatinine
(mean ! SD 488.5 ! 591.8 vs 188.3 ! 290.2, p " 0.005) and brain-derived
neurotrophic factor-to-creatinine (mean 628.1 ! 590.5 vs 110.4 ! 159.5, p #0.001)
ratios were significantly higher than in healthy women. No significant differences
were found in the glial cell line-derived neurotrophic factor-to-creatinine ratio. After
lifestyle intervention the nerve growth factor-to-creatinine and brain-derived neu-
rotrophic factor-to-creatinine ratios decreased to a mean of 319.7 ! 332.3 and
432.5 ! 589.0 (vs baseline p " 0.318 and 0.033, respectively). After antimuscarinic
treatment the nerve growth factor-to-creatinine and brain-derived neurotrophic
factor-to-creatinine ratios further decreased to a mean of 179.8 ! 237.9 and
146.6 ! 264.9 (vs baseline p " 0.008 and #0.001, respectively). There was no
significant variation in the glial cell line-derived neurotrophic factor-to-creati-
nine ratio at any time point. The reduction in the number of urgency episodes per
week correlated with the brain-derived neurotrophic factor-to-creatinine varia-
tion (Pearson product-moment correlation coefficient r " 0.607, p " 0.006) but not
with the nerve growth factor-to-creatinine ratio (r " 0.396, p " 0.094).
Conclusions: The urinary nerve growth factor-to-creatinine and brain-derived
neurotrophic factor-to-creatinine ratios are increased in patients with overactive
bladder. These findings may have pathophysiological and clinical implications.

Key Words: urinary bladder, overactive; nerve growth factors;
brain-derived neurotrophic factor; glial cell line-derived

neurotrophic factor; muscarinic antagonists
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Trk " tyrosine kinase
USS " urgency severity scale
UTI " urinary tract infection
UUI " urgency urinary
incontinence
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NEUROTROPHIC factors are emerging as key players in
OAB. This is not surprising since these trophic fac-
tors are essential for the differentiation, survival
and maintenance of the sensory neurons involved in
OAB pathophysiology.1

NGF, BDNF and GDNF are the most well studied
neurotrophic factors. NGF and BDNF exert effects
via the specific Trk receptors TrkA and TrkB, re-
spectively, which are abundantly expressed in the
urothelium1,2 and the sensory afferents innervating
the bladder.3 GDNF binds to GDNF family receptor
!1.4 NGF and BDNF modulate the peptidergic sub-
population of primary afferents, while GDNF regu-
lates the nonpeptidergic subpopulation.1

NGF and BDNF are expressed in the urothe-
lium.5,6 These neurotrophins have been found in the
urine of healthy individuals.7,8 However, to our
knowledge the concentration in each gender during
the day and variations with time have never been
investigated. Additionally, in patients with OAB sev-
eral groups reported high urinary NGF levels,7–10

which subsided after successful antimuscarinic11

and onabotulinumtoxinA12 treatment. A recent ex-
ploratory study showed that BDNF levels were also
increased in the urine of patients with OAB but
variations in this neurotrophin, along with OAB
management, were not reported.8 To our knowledge
an eventual relationship between urinary GDNF
and OAB is totally unknown.

Therefore, we describe urinary levels of NGF,
BDNF and GDNF at different moments of the day
and variations during a certain period in healthy
individuals of each gender. In addition, urinary neu-
rotrophic factor levels were determined in naïve pa-
tients with OAB and reevaluated after nonpharma-
cological and pharmacological treatment to clarify
whether lifestyle intervention, the first approach to
OAB management, also has an influence on urinary
neurotrophic factor levels. Early results were pre-
sented previously.13

MATERIALS AND METHODS

Enrollment and Evaluation of
Healthy Volunteers and Patients with OAB
The study was approved by the local ethics committee.
Informed consent was obtained from all participants. A
total of 40 healthy volunteers, half of them male and half
female, were recruited, including hospital and faculty em-
ployees, and their relatives.

The absence of LUTS was assessed by medical history
and completion of a USS modified from the Indevus
USS12,14 and International Prostate Symptoms Score
questionnaires. The USS was classified as 0—no urgency,
1—occasional urgency that was always tolerable, 2—ur-
gency tolerable for 5 minutes, 3—intolerable urgency and
4—urgency accompanied by incontinence.12,14

A total of 37 patients with OAB naïve to any form of
treatment who had symptoms at least 6 months in dura-
tion were enrolled in the study. Of the patients 24 were
followed and reevaluated after 3 months of lifestyle inter-
vention and after an additional 3 months of antimusca-
rinic treatment (oxybutynin 10 mg per day, extended re-
lease). Lifestyle interventions included bladder training,
limited fluid intake, and avoidance of caffeinated, acidic
and carbonated drinks. Oxybutynin was chosen due to the
reimbursement policy in our country.

Evaluation included anamnesis, physical examination,
blood analysis, urinalysis, urine culture and cytology, and
bladder and renal ultrasound. All patients completed a
7-day bladder diary combined with the USS at baseline,
after 3-month lifestyle intervention and after 3-month
oxybutynin. The NUE per week with and without urinary
incontinence was counted, corresponding to the number of
micturitions scored as 3 or 4 on the USS.

Study exclusion criteria were age less than 18 years,
pregnancy, neurological disease, stress urinary inconti-
nence, active UTI within 3 months, recurrent UTI, any
systemic infectious or inflammatory condition, bladder
outlet obstruction, significant pelvic organ prolapse, pre-
vious bladder or urethral surgery, urothelial neoplasms,
previous pelvic radiotherapy, hematuria and urolithiasis.

Urine Sampling and Urinary
Neurotrophic Factor Measurement
Urine samples from healthy volunteers were collected
in the morning, afternoon and evening on 2 occasions 3
months apart. No circadian variation was found in
healthy individuals, as described. Thus, only morning
samples were collected thereafter in women with OAB at
baseline, after 3-month lifestyle intervention and after
3-month antimuscarinic treatment. Morning urine sam-
ples were used for comparisons between healthy individ-
uals and patients with OAB.

Urine was collected in sterile receptacles when subjects
experienced a comfortable desire to void. They were asked
not to hold urine until maximal tolerance or incontinence
occurred. Samples were stored at 4C for less than 3 hours.
Subsequently, they were centrifuged at 3,000 rpm for 10
minutes. Supernatant was collected in 1 ml aliquots and
the remainder was used to determine the creatinine con-
centration. Aliquots were frozen at !80C until further
processing.

Samples were thawed and processed for enzyme-linked
immunosorbent assay analysis of NGF, BDNF and GDNF
concentrations with the Emax® ImmunoAssay System
according to manufacturer instructions. This system uses
an antibody sandwich format. Briefly, well plates are
coated overnight with anti-NGF/BDNF/GDNF antibodies,
which bind soluble NGF/BDNF/GDNF from urine sam-
ples. Captured NGF/BDNF/GDNF is recognized by a sec-
ond specific antibody. After several washes a tertiary
horseradish peroxidase linked antibody is added, followed
by incubation with a chromogenic substrate. The amount
of NGF/BDNF/GDNF in the sample is proportional to the
color generated by the enzymatic degradation of the sub-
strate. Light absorbance at 450 nm was measured with a
microplate reader (Tecan®).
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All samples were run in duplicate and values were
averaged. The final concentration of each neurotrophic
factor was obtained using a standard curve generated
with known amounts of NGF/BDNF/GDNF. Urine NGF/
BDNF/GDNF content was normalized against the Cr con-
centration as the NGF/Cr, BDNF/Cr and GDNF/Cr ratios in
pg/mg.

Urine was diluted using Dulbecco phosphate buffered
saline so that all samples were within the useful range of
the standard curve. The 13 samples that were too dilute
were concentrated and retested, including 5 for NGF and 8
for BDNF. For sample concentration we used a Macrosep®
Advance Centrifugal Device 3K Omega column protein sys-
tem. According to manufacturer technical bulletin instruc-
tions NGF, BDNF and GDNF Emax® ImmunoAssay Sys-
tems are for research use only.

Statistical Analysis
Data are expressed as the mean ! SD. The unpaired
Student t and Mann-Whitney U tests were used for sta-
tistical analysis between groups when considering para-
metric and nonparametric data, respectively. The Pearson
correlation was used to analyze the association between
the variation in urinary NGF and BDNF levels, and the
variation in the NUE per week. Statistical significance
was considered at p "0.05.

RESULTS
Mean age of the 20 healthy males and 20 healthy
females was 37.0 ! 12.3 (range 22 to 61) and 38.6 !
13.4 years (range 24 to 67), respectively. In men the
mean USS score was 1.1 ! 0.3 (range 1 to 2) and the
mean International Prostate Symptoms Score was
0.6 ! 0.8 (range 0 to 2). In women the mean USS
score was 1.3 ! 0.4 (range 1 to 2).

In healthy individuals urinary NGF/Cr and BDNF/Cr
levels were constantly low on the 2 measurements
made 3 months apart. Additionally, no circadian
variation was found and there was no significant
difference between the genders (fig. 1). Absolute uri-
nary GDNF/Cr levels were higher than NGF/Cr and

BDNF/Cr levels but they similarly did not change
with collection time (fig. 2). Urinary GDNF/Cr was
significantly higher in women than in men (mean
1,052.3 ! 636.8 vs 428.0 ! 326.2, p "0.001, fig. 2).

Mean age of the 37 patients with OAB was 50.6 !
14.5 years (range 25 to 75). Of the 37 patients 31 had
OAB wet. Urinary NGF/Cr (mean 488.5 ! 591.8 vs
188.3 ! 290.2, p # 0.005) and BDNF/Cr (mean
628.1 ! 590.5 vs 110.4 ! 159.5, p "0.001) were
significantly higher in patients with OAB than in
healthy women (fig. 3). GDNF/Cr did not differ be-
tween the OAB and control groups (mean 958.1 !
826.2 vs 1,220.5 ! 513.5, p # 0.128, fig. 3).

Considering the cutoff values of mean NGF/Cr
(188.3 ! 290.2) and BDNF/Cr (110.4 ! 159.5) in
healthy individuals at baseline, 14 of 37 patients
had high NGF levels and 26 had high BDNF levels.
In 12 patients high levels of the 2 neurotrophins
were found, while in 9 normal values were noted.
There was no correlation between urinary NGF/Cr
and BDNF/Cr (Pearson product-moment correlation

Figure 1. Mean urinary NGF/Cr and BDNF/Cr ratios (bars) in healthy male and female volunteers in 2 collections 3 months apart. Mean
NGF/Cr and BDNF/Cr were less than 200 pg/mg and stable despite moment of urine collection. No statistically significant differences
were found.

Figure 2. Mean urinary GDNF/Cr ratios (bars) in healthy male
and female volunteers in 2 collections 3 months apart. GDNF/Cr
was significantly higher in females than in males and stable
despite moment of urine collection. Statistical significance was
considered at p "0.05.
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coefficient r ! 0.216), NGF/Cr and GDNF/Cr (r !
"0.194) or BDNF/Cr and GDNF/Cr (r ! "0.140).

A total of 24 patients with OAB were followed and
reevaluated after nonpharmacological and pharma-
cological treatment. At 6 months 3 patients were lost
to followup. At baseline the mean NUE per week
was 68.3 # 8.6. After 3-month lifestyle intervention
there was a mean decrease to 55.7 # 8.9 (vs baseline
p $0.001). After 3-month antimuscarinic treatment
a further decrease occurred to a mean of 35.3 # 13.7
(vs lifestyle intervention p $0.001).

UUI episodes were evaluated independently. At
baseline the mean number of UUI episodes was
22.7 # 11.5. After lifestyle intervention there was a
decrease to a mean of 13.4 # 10.9 (vs baseline
p ! 0.008). After antimuscarinic treatment a further
decrease occurred to a mean of 7.0 # 8.9 (vs lifestyle
intervention p ! 0.014).

After lifestyle intervention there was a nonsignif-
icant decrease in NGF/Cr (mean 488.5 # 591.8 to
319.7 # 332.3, p ! 0.318) and a significant decrease
in BDNF/Cr (mean 628.1 # 590.5 to 432.5 # 589.0,
p ! 0.033, fig. 4). After antimuscarinic treatment
NGF/Cr and BDNF/Cr were further decreased to a
mean of 179.8 # 237.9 (vs baseline p ! 0.008) and
146.6 # 264.9 (vs baseline p $0.001, fig. 4), respec-
tively. No significant variation occurred in GDNF/Cr
after lifestyle intervention (mean 958.1 # 826.2 to
647.6 # 541.9, p ! 0.235) or antimuscarinic treat-
ment (mean 1,112.4 # 858.0 vs baseline p ! 0.500,
fig. 4).

A significant correlation was found between the
BDNF/Cr variation and the decrease in the NUE per
week due to lifestyle intervention plus antimusca-
rinic treatment (r ! 0.607, p ! 0.006, fig. 5). The
correlation was even stronger for BDNF/Cr and the

number of UUI episodes (r ! 0.736, p $0.001). There
was no correlation with NGF (fig. 6).

DISCUSSION
In this study urinary levels of neurotrophic factors
were systematically investigated in healthy individ-
uals. Values were stable during the day without
circadian variation. Urine samples collected 3 months
apart showed similar levels of neurotrophic factors,
suggesting steady levels with time. We detected no
difference in NGF and BDNF between the genders.
In contrast, urinary GDNF levels were significantly
higher in women.

In patients with OAB urinary NGF and BDNF
levels were much higher than in healthy individu-

Figure 3. Mean urinary NGF/Cr, BDNF/Cr and GDNF/Cr ratios
(bars) in female healthy volunteers and patients with OAB.
NGF/Cr and BDNF/Cr were significantly higher in patients with
OAB than in healthy women. No significant differences were
found for GDNF/Cr. Asterisk indicates statistically significant
differences between groups (p $0.05).

Figure 4. Mean urinary NGF/Cr, BDNF/Cr and GDNF/Cr ratios
(tick marks) in 37 patients with OAB at baseline, in 24 after
3-month lifestyle intervention and in 21 after 3-month antimus-
carinic treatment. Only BDNF/Cr significantly decreased vs base-
line after lifestyle intervention. NGF/Cr and BDNF/Cr signifi-
cantly decreased vs baseline after antimuscarinic treatment. No
significant variations occurred in GDNF/Cr during treatment.
Statistical significance was considered at p $0.05.

Figure 5. Significant correlation was found between variations
in BDNF/Cr ratio and NUE per week after lifestyle intervention
plus antimuscarinic treatment in patients with OAB (Pearson
product-moment correlation coefficient r ! 0.607, p ! 0.006).
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als, confirming previous observations.7–9 In con-
trast, no differences were detected in GDNF. These
neurotrophic factors influence different subpopula-
tions of bladder sensory fibers. NGF and BDNF
modulate the peptidergic subpopulation and GDNF
affects the nonpeptidergic subpopulation. Therefore,
it is tempting to conclude that OAB involves neu-
rotrophin induced sensitization of peptidergic blad-
der afferents. Experimental studies seem to confirm
this hypothesis. Exogenous NGF and BDNF admin-
istration induced detrusor overactivity but their se-
questration improved bladder function in rodents
with cystitis.6,15,16 Consequently, future OAB ther-
apies aiming to neutralize excess neurotrophins and
revert sensory sensitization might be rewarding.

Tanezumab, a humanized monoclonal antibody
that specifically inhibits NGF, has already been in-
vestigated in patients with interstitial cystitis, show-
ing some efficacy for treating bladder pain.17 Unfortu-
nately, tanezumab has severe adverse effects, which
halted further investigation of this compound for
LUTS management. Interestingly, neurotrophins
sensitize bladder afferents that are also sensitive to
capsaicin.18 Thus, another therapy that might be
reapplied in the near future is the desensitization of
peptidergic sensory fibers by vanilloid compounds.
Resiniferatoxin, which transiently desensitizes the
peptidergic subpopulation of bladder afferents after
binding the transient receptor potential vanilloid 1,
showed considerable efficacy for controlling OAB
symptoms in several pilot studies.19

The mechanisms of the urinary increase in NGF
and BDNF in patients with OAB were not eluci-
dated in this study. Nevertheless, it is tempting to
point to the bladder as the origin of excess neurotro-
phins in urine. NGF may be released from urothelial
and detrusor smooth muscle cells. NGF is overex-
pressed in the urothelium of patients with sensory

urgency.20 Additionally, NGF release from detrusor
smooth muscle cells was increased when detrusor
overload was induced.21,22

The source of BDNF is less clear. Urothelial cells
from rodents overexpress this neurotrophin during
cystitis.2 However, to our knowledge direct release
from human urothelial or smooth muscle cells has
never been demonstrated. Furthermore, one cannot
ignore that other organs besides the bladder may
also release neurotrophic factors. High serum NGF
levels were recently identified in patients with OAB
who were refractory to antimuscarinic treatment,23

supporting a source outside the bladder. Likewise,
BDNF serum levels were dysregulated in patients
with depression.24 In addition, high colonic NGF
levels were found in patients with irritable bowel
syndrome.25 The latter 2 conditions are frequently
associated with OAB, suggesting the involvement of
common pathophysiological mechanisms.

Urinary NGF and BDNF decreased after non-
pharmacological and pharmacological OAB treat-
ment. The capacity of lifestyle intervention alone to
influence urinary neurotrophins is particularly in-
teresting, although the variation was only signifi-
cant for BDNF. One can speculate that the de-
creased bladder activity expected after reduced
intake of fluids, caffeine and alcohol decreased NGF
and BDNF release from the bladder. However, this
explanation should be considered with caution. In
patients with OAB the bladder volume increase is
not significantly associated with higher urinary
NGF levels, suggesting that urinary NGF is patho-
logically increased at small bladder volumes and
does not significantly increase at an urgency sensa-
tion.23 It is also possible that symptomatic improve-
ment due to lifestyle measures may have caused a
reduction in neurotrophin release from uncertain
areas of the central nervous system, accompanying
the increased sensation of well-being associated
with LUTS improvement.

The decrease in urinary neurotrophins after an-
timuscarinic therapy was already reported for
NGF11 but to our knowledge not for BDNF. Consid-
ering that urothelial cells express muscarinic recep-
tors,26 anticholinergic drugs may possibly hinder
neurotrophin secretion. The decreased detrusor ac-
tivity during bladder filling that is expected after
muscarinic receptor blockade might also contribute
to the reduction in urinary neurotrophins levels,
particularly NGF.21

NGF has been investigated as a potential bio-
marker for OAB diagnosis, although a significant
overlap of urinary NGF levels between patients and
controls was observed.7,10 Therefore, the study of
BDNF, another ubiquitous neurotrophin that acts in
the same bladder afferent subpopulation, is justified. In

Figure 6. There was no correlation between variations in uri-
nary NGF/Cr and NUE per week after lifestyle intervention plus
antimuscarinic treatment in patients with OAB (Pearson prod-
uct-moment correlation coefficient r ! 0.396, p ! 0.094).
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a small preliminary study the ROC AUC of BDNF
was 0.78, higher than that of NGF (0.68).8

However, OAB is a symptom complex. Thus, it
can only be diagnosed if patients report urgency to
void.27 Consequently, high NGF or BDNF levels in
the absence of urinary urgency cannot be used to
diagnose OAB. Furthermore, the success of OAB
management must be measured by symptomatic im-
provement and not by the decrease in a monitoring
urinary biomarker. In addition, neurotrophins may
increase in the urine of patients with confoundable
conditions, including bladder pain syndrome/inter-
stitial cystitis, urolithiasis, UTI and urothelial neo-
plasms.28,29

Nevertheless, urinary neurotrophins may still be
somewhat useful for OAB management. Patients
with stress urinary incontinence may report the sen-
sation of imminent voiding when urine leaks into
the proximal urethra. This sensation may be diffi-
cult to distinguish from urgency, making the final
diagnosis of pure stress vs mixed urinary inconti-
nence difficult. Furthermore, during a period of
symptom remission in patients with OAB an in-
crease in the urinary neurotrophin level could pre-
dict imminent relapse.

Another area of interest for urinary biomarkers
might be their use to individualize and tailor treat-
ment. In this study at baseline 26 of 37 patients had
high BDNF/Cr and 14 had high NGF/Cr levels. In 12
patients high levels of the 2 neurotrophins were
measured, while in 9 normal values were found.
Possibly these phenotypically different subgroups of
patients with OAB correspond to distinct patho-
physiological mechanisms, requiring different ther-
apies.

This study has obvious limitations. Sample size
was small and restricted to 1 center. Therefore, val-

idation of these results is imperative. Since no pla-
cebo arm was considered in this series, the effect of
placebo administration on urinary neurotrophic fac-
tor levels in patients with OAB could not be deter-
mined. Moreover, urine sample storage and the en-
zyme-linked immunosorbent assay methodology for
measuring neurotrophic factors are not yet stan-
dardized. Proteins are best stored at temperatures
lower than 4C. Storage at room temperature usually
leads to protein degradation and/or inactivity, com-
monly as a result of microbial growth or major con-
formational alterations. Therefore, freezing protein
samples at !20C or !80C is the commonest form of
cold protein storage. Freeze-thaw cycles may de-
crease protein stability. However, the effect of re-
peat cycles on protein measurements was not ad-
dressed, although such a situation was minimized in
this study by using small 1 ml aliquots to store the
urine. The impact of long-term storage on the uri-
nary concentration and how samples should be
stored are 2 relevant aspects to be evaluated. These
aims require a future study in their own right.

CONCLUSIONS
Urinary NGF and BDNF levels were low and stable
in healthy male and female individuals. In patients
with OAB urinary NGF and BDNF were signifi-
cantly higher, while no significant differences were
found for GDNF. Urinary NGF/Cr and BDNF/Cr
values normalized after nonpharmacological and
pharmacological treatment for OAB symptoms. The
reduction in BDNF levels correlated with waning
symptoms along with treatment. These data suggest
neurotrophins as key elements in OAB pathogenesis
with potential clinical implications.
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Urinary Neurotrophin Levels Increase
in Women With Stress Urinary
Incontinence After a Midurethral
Sling Procedure
Tiago Antunes-Lopes, Ana Coelho, Rui Pinto, Sérgio C. Barros, Célia D. Cruz,
Francisco Cruz, and Carlos M. Silva

OBJECTIVE To investigate the association between urinary neurotrophin levels, maximum flow rate (Qmax)
variation, and the appearance of urgency in women with stress urinary incontinence (SUI) after
a midurethral sling (MUS) procedure.

MATERIALS AND
METHODS

Thirty-one women with SUI were treated with a MUS. One year later, the outcome of surgery
and the onset of urgency were assessed. At baseline and 1-year follow-up, urine was collected to
measure nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF) concentra-
tion, and Qmax variation was calculated. Urine samples from healthy women (n = 20) without
lower urinary tract symptoms and overactive bladder (OAB) wet patients (n = 32) were used as
controls. Urinary neurotrophin levels were measured by enzyme-linked immunosorbent assay and
normalized to creatinine concentration.

RESULTS At baseline, urinary levels of NGF and BDNF were similar between SUI and healthy women (NGF:
2.10 ± 0.68 vs 1.99 ± 1.05; BDNF: 1.99 ± 0.71 vs 1.81 ± 0.90), and significantly inferior to OAB
wet patients (NGF: 2.10 ± 0.68 vs 2.50 ± 0.54, P < .05; BDNF: 1.99 ± 0.71 vs 2.71 ± 0.45, P < .05).
After surgery, there was a significant increase of both neurotrophins (vs baseline, P < .05) to the
values of OAB wet patients. Moreover, there was a significantly higher percentage increase of
NGF in women with de novo urgency than in those without lower urinary tract symptoms (P = .019).
A trend for a higher mean Qmax reduction in women with de novo urgency was also found
(P = .085).

CONCLUSION These findings suggest that increased bladder outlet resistance after a MUS may play a key role
in the rise of urinary neurotrophins, promoting sensitization of bladder primary afferents and causing
de novo urgency in susceptible patients. UROLOGY 99: 49–56, 2017. © 2016 Elsevier Inc.

In the last decade, midurethral synthetic slings (MUS)
became the standard surgical option for the manage-
ment of female stress urinary incontinence (SUI), pro-

gressively replacing the Burch colposuspension.1,2 Although
cure rates of nearly 80% at 5 years can be expected after
a MUS,2,3 more than one-tenth of women submitted to a
MUS procedure develop de novo urgency.4-6 Eventually, in

some women, incontinence triggered by efforts will be re-
placed by urinary incontinence preceded by urgency. Not
surprisingly, this complication is rather devastating. In ad-
dition to the negative impact caused by the reappearance
of incontinence, now the symptom arises unexpectedly and
without a clear precipitating factor, in contrast to what hap-
pened before surgery, when episodes of SUI could be easily
predicted and eventually controlled.
Potential causes for de novo urgency after MUS place-

ment include postoperative urinary tract infection (UTI),
bladder outlet obstruction (BOO), or perforation of urinary
tract.7 These are easily identifiable and treatable causes.
More complex to manage is the de novo urgency, which
arises gradually along the first year after a MUS place-
ment. Generally, no obvious cause for the appearance of
this symptom can be identified.7,8 Treatment of this late
appearing de novo urgency is challenging.7,8 Most women
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are managed pharmacologically with antimuscarinics and
the novel beta-3 adrenergic agonist mirabegron, when-
ever de novo urgency becomes bothersome and affects
quality of life.7 The identification of women at risk for de-
veloping de novo urgency before MUS placement is gen-
erally impossible. Although the pursuit of relevant
biomarkers associated with overactive bladder (OAB) has
been the focus of attention of many researchers in recent
years,9,10 very few studies have been performed in women
with de novo urgency after surgical treatment of SUI to
elucidate its pathophysiology, identify patients at risk, and
improve counseling regarding prognosis. Chai et al inves-
tigated inflammatory and tissue remodeling urinary
biomarkers before and after a MUS for SUI.11 They re-
ported that average levels of urinary nerve growth factor
(NGF) significantly increased between baseline and 1 year
after a MUS procedure. Although increasing levels of
urinary NGF after a MUS placement may suggest that
sensory fibers are at risk of sensitization,11,12 the associa-
tion between urinary levels of neurotrophins after a MUS
and the occurrence of de novo urgency was never
investigated.
With these observations in mind, in this pilot study, we

investigated if urinary neurotrophin levels and flow reduc-
tion could be associated with the development of de novo
urgency. For this purpose, we measured urinary levels of
NGF and brain-derived neurotrophic factor (BDNF), and
calculated maximum flow rate (Qmax) variation, in a cohort
of pure SUI women submitted to a MUS placement. Pre-
liminary results were presented elsewhere.13

MATERIALS AND METHODS
Enrollment and Evaluation of SUI, OAB Wet, and
Healthy Women
The study was approved by the local ethics committee. In-
formed consent was obtained from all participants.

Thirty-one women with SUI were enrolled. Two control groups
were used: 1 composed of 20 female healthy volunteers (normal
controls; older than 18 years), including hospital and faculty em-
ployees and their relatives without lower urinary tract symp-
toms, and another including 32 women with urgency urinary
incontinence (OAB wet controls) attending outpatient clinic.

SUI followed the International Urogynecological Association/
International Continence Society clinical definition as the com-
plaint of involuntary leakage on exertion, sneezing, or coughing.14

Preoperative evaluation included anamnesis, pelvic examina-
tion, stress test, Q-tip test, neurologic assessment, urinalysis, urine
culture, uroflowmetry, postvoid residual, and renovesical ultra-
sound. Exclusion criteria were the presence of OAB symptoms,
neurologic disease, active UTI within the last 3 months, recur-
rent UTI, any systemic infectious or inflammatory condition, BOO
(exclusion if obstructive voiding symptoms, preoperative Qmax
<15 mL/s or postvoid residual volume >100 mL), pelvic organ pro-
lapse, previous bladder or urethral surgery, urothelial neoplasia,
previous pelvic radiotherapy, hematuria, and urolithiasis.

SUI was treated with a midurethral sling (MUS), either a single
incision minisling (MiniArc, American Medical Systems; n = 14)
or an outside-in transobturator tape (Monarc, American Medical
Systems, Minnetonka, MN, USA; n = 17). All surgeons had a

minimum experience of 30 cases for each procedure. On post-
operative day 1, postvoid residual volume was measured after spon-
taneous voiding. If postvoid residual volume was <100 mL, patients
were discharged.

At 1-year follow-up, patients were reevaluated to assess the
outcome of the surgery and the onset of de novo OAB symp-
toms. A cough test, at the volume the patient referred to as a
normal desire to void, was performed. Patients were considered
cured if they did not report any episodes of urine leakage, ceased
to wear any incontinence protection, and had a negative cough
test. If a patient reported maintenance of SUI or a positive cough
test, but the number of incontinence protections needed de-
creased by >50% and answered affirmatively to the question “Are
you satisfied with the result of the surgery?”, she was considered
improved. All other cases were deemed failures. When used, the
term success rate indicates the sum of cure and improvement rates.

All patients were asked about the presence of urgency (defined
as the complaint of a sudden compelling desire to pass urine which
is difficult to defer), increased daytime frequency (defined as
needing to void more than 8 times a day), and urgency urinary
incontinence (defined as the complaint of involuntary loss of urine
associated with urgency).14 Concurrently, the patients com-
pleted (at baseline and 1 year postoperatively) patient percep-
tion of bladder condition questionnaire15 and an urgency severity
scale (USS) modified from the Indevus USS.16 The USS was clas-
sified as 0, no urgency; 1, occasional urgency that was always tol-
erable; 2, urgency tolerable for 5 minutes; 3, intolerable urgency;
and 4, urgency accompanied by incontinence. The USS ques-
tionnaire was also applied to control groups.

At baseline and 1-year follow-up, free uroflowmetry was per-
formed and Qmax variation [(Qmaxbaseline ! Qmaxpostsurgery) /
Qmaxbaseline ! 100] was calculated as a noninvasive surrogate marker
of urethral obstruction, taking into account Salin et al’s obser-
vations, who showed a significant decrease between pre- and post-
operative Qmax after a MUS procedure.5 Concomitantly, urine
was collected to measure NGF and BDNF concentration. Urine
samples from healthy and OAB wet women were used as con-
trols. In these 3 groups no patients where under chronic
antimuscarinic medication. Urinary neurotrophin levels were mea-
sured by enzyme-linked immunosorbent assay and normalized to
creatinine (Cr) concentration.

Urine Sampling and Urinary Neurotrophin
Measurement
At the outpatient clinic, urine was collected in sterile recep-
tacles when subjects experienced a comfortable desire to void.
They were asked not to hold urine until maximal tolerance or
incontinence occurred. Samples were placed on ice and centri-
fuged at 3000 rpm for 10 minutes at 4°C. Supernatant was col-
lected in 1 mL aliquots, and the remainder was used to measure
Cr concentration. Aliquots were frozen at !80°C until further
processing. Samples were thawed and processed for enzyme-
linked immunosorbent assay analysis of NGF and BDNF con-
centrations with the Emax ImmunoAssay System (Promega,
Madison, WI, USA), following the manufacturer instructions as
used in other studies.17,18 The amount of NGF and BDNF in the
sample was measured at 450 nm with a Synergy HT Microplate
Reader (BioTek Instruments, Inc., Winooski, VT, USA). All
samples were run in duplicate and values were averaged against
a standard curve generated with known amounts of NGF and
BDNF. The urine NGF and BDNF content was normalized to Cr
concentration (NGF/Cr; BDNF/Cr ! pg/mg).
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Statistical Analysis
Kolmogorov-Smirnov test was used to check the normality of
variable distributions. The distributions of neurotrophin levels
were log-transformed to reduce skewness. To compare neurotrophin
changes from baseline to 1 year after surgery, a paired Student t
test was used. Wilcoxon signed-rank test, Mann-Whitney U
test, and Kruskall-Wallis test were used for statistical analysis
between groups when considering nonparametric data. Spear-
man correlation between Qmax variation and neurotrophin
variation was also calculated. Statistical significance was con-
sidered at P < .05. GraphPad Prism 6 statistics software for Mac
was used (GraphPad Software, Inc., San Diego, CA, USA).

RESULTS
Clinical and demographic characteristics of the SUI (base-
line and postoperatively), OAB wet, and healthy women
groups are summarized in Table 1. Mean urinary NGF-to-
Cr ratio and BDNF-to-Cr ratio are shown in Table 2.

At baseline, urinary levels of NGF and BDNF were
similar between SUI and healthy women and signifi-
cantly inferior to OAB wet patients (Table 2). Surgeries
were uneventful. One patient treated with a single inci-
sion minisling had transient urinary retention. No cases
of intraoperative major bleeding, hematuria, urethral
injury, or vaginal perforation occurred. No immediate
associated surgical procedure was required. One year
postoperatively, 24 out of 31 SUI patients (77%) were
cured and 3 (10%) were improved, whereas 4 (13%)
were considered failures. Eight patients developed de
novo urgency, 4 of them with associated urinary inconti-
nence. From the patients who developed de novo urgency,
1 was considered a failure and another was improved,
presenting with mixed urinary incontinence, with urgency
as the most bothersome component at that time. The
other patients did not report maintenance of SUI nor
had a positive cough test. There were no differences in

Table 1. Clinical and demographic characteristics of the SUI (baseline and 1 year postoperatively), OAB wet, and healthy
women groups

SUI Patients (n = 31) OAB Wet Patients
(n = 32)

Healthy Women
(n = 20) PPreoperatively Postoperatively (1-y)

Age
(mean ± SD)

48.3 ± 9.3
(range 34-70)

51.2 ± 14.5
(range 28-76)

42.7 ± 14.8
(range 25-74)

>.05

No urgency De novo urgency
47.7 ± 9.3 49.9 ± 9.5 >.05

BMI (kg/m2)
(mean ± SD)

25.9 ± 2.9 26.9 ± 3.3 >.05
No urgency De novo urgency
25.9 ± 3.0 26.4 ± 2.9 >.05

USS (0-4)
(mean ± SD)

1.6 ± 0.5 2.1 ± 1.0* 4.0 ± 0.0* 1.3 ± 0.4 <.05

Number of pads/d
(mean ± SD)

2.9 ± 1.2
(range 1-5)

0.6 ± 0.9*
(range 0-3)

3.78 ± 1.11
(range 1-6)

<.05

Qmax (mL/s)
(mean ± SD)

26.8 ± 3.9 21.3 ± 3.1* <.05

Outcome
Cure (n) (%) 24 (77)
Improve (n) (%) 3 (10)
Failure (n) (%) 4 (13)
De novo urgency (n) (%) 8 (26)
PPBC (1-6)
(mean ± SD)

4.65 ± 0.61 2.29 ± 1.27* <.05

BMI, body mass index; OAB, overactive bladder; PPBC, patient perception of bladder condition; Qmax, maximum urinary flow rate; SD,
standard deviation; SUI, stress urinary incontinence; USS, urgency severity scale.
Asterisk indicates statistically significant differences between groups (P < .05).

Table 2. Mean urinary NGF-to-Cr and BDNF-to-Cr ratios in SUI (baseline and 1 year postoperatively), OAB wet, and healthy
women

SUI Patients

OAB Wet Patients Healthy Women PBaseline 1 Y Postoperatively

Log NGF/Cr
(mean ± SD)

2.10 ± 0.68 2.52 ± 0.51* 2.50 ± 0.54* 1.99 ± 1.05 <.05

Log BDNF/Cr
(mean ± SD)

1.99 ± 0.71 2.51 ± 0.52* 2.71 ± 0.45* 1.81 ± 0.90 <.05

BDNF, brain-derived neurotrophic factor; Cr, creatinine; NGF, nerve growth factor; other abbreviations as in Table 1.
At baseline, urinary levels of both neurotrophins were similar between SUI and healthy women (P > .05) and significantly inferior than in
OAB wet patients (P < .05). Remarkably, after placement of a midurethral sling, urinary levels of NGF and BDNF were similar to values
measured in the OAB wet group (P > .05). Asterisk indicates statistically significant differences between groups (P < .05).
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age (P = .58) and body mass index (P = .71) between the
group of SUI patients who developed de novo urgency
and the group of women without voiding dysfunction
after the MUS placement.
At 1-year follow-up none of the patients who devel-

oped de novo urgency was under treatment with drugs for
OAB. At that time, after excluding reversible causes of
urgency, the management of OAB symptoms after sling
surgery followed the usual management of idiopathic OAB,
including pharmacotherapy.
After anti-incontinence surgery, there was a signifi-

cant increase of both neurotrophins (Table 2). Remark-
ably, mean urinary levels of NGF and BDNF increased to
values similar to those measured in OAB wet patients
(Table 2).

In operated patients with de novo urgency (n = 8),
NGF increased from 2.13 ± 0.48 to 2.67 ± 0.66 (P = .031)
and BDNF from 2.26 ± 0.28 to 2.62 ± 0.74 (P = .047).
Likewise, in the group of women without urgency
(n = 23), NGF increased from 2.09 ± 0.74 to 2.47 ± 0.46
(P = .032) and BDNF from 1.92 ± 0.78 to 2.47 ± 0.44
(P = .015).
Calculating the percentage of variation of both

neurotrophins [(logNT/Crpostsurgery ! logNT/Crbaseline) / logNT/
Crbaseline ! 100] between baseline and 1 year postopera-
tively, we found a significantly higher percentage increase
of NGF in women with de novo urgency than in women
without voiding dysfunction (P = .019) (Fig. 1).
After MUS placement, there was a trend for a higher

mean Qmax reduction in women who developed de novo
urgency than in women without voiding dysfunction
(23.8 ± 4.9% vs 18.3 ± 8.4%, P = .085) (Fig. 2). A weak
negative correlation between variation of Qmax and the
change of each neurotrophin was found (Qmax variation
vs NGF variation: r = !0.21; Qmax variation vs BDNF
variation: r = !0.32).

COMMENT
This pilot study was specifically designed to explore changes
of urinary levels of NGF and BDNF in women with SUI
submitted to a MUS surgery, and an association between
de novo urgency and neurotrophin levels. Two important
findings were demonstrated. First, 1 year after placement
of a MUS, urinary levels of NGF and BDNF increased to
values similar to those measured in OAB wet patients.17-19

Second, women who developed de novo urgency had a sig-
nificantly higher percentage increase of NGF than those
without urgency.

Figure 1. Percentage variation of urinary nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF) in stress
urinary incontinence (SUI) women submitted to a midurethral sling procedure, between baseline and 1 year postopera-
tively. Women were grouped considering the presence or absence of urgency after surgery. Women with de novo urgency
had a significantly higher percentage increase of NGF than women without urgency (P = .019). Significance was not found
for BDNF percentage variation (P = .491).

Figure 2. Maximum urinary flow rate (Qmax) variation in stress
urinary incontinence women submitted to a midurethral sling
procedure, between baseline and 1 year postoperatively.
Women were grouped considering the presence or absence
of urgency after surgery. A trend for a higher mean Qmax
reduction in women with de novo urgency was observed
(P = .085).
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The increase of urinary NGF after a MUS had already
been reported by Chai et al,11 who analyzed several
urinary inflammatory and tissue remodeling biomarkers
in a subsample of women participating in the Value of
Urodynamics Evaluation trial. However, our study added
new findings. One is that BDNF was also increased 1
year after anti-incontinence surgery. Like NGF, this
neurotrophin is produced in the bladder, the urothelium
possibly being the major source.20,21 Moreover, in addi-
tion to TrkA receptors (high-affinity receptors for NGF),
bladder primary afferents also express TrkB receptors
(high-affinity receptors for BDNF),22 supporting an impor-
tant role for both neurotrophins in modulation of bladder
sensory innervation. Besides, at least in sensory neurons,
BDNF expression is regulated by NGF.23 The role of
neurotrophins in the regulation of bladder primary affer-
ents and postsynaptic spinal cord neurons has been the
objective of research of other experimental and clinical
studies and was recently reviewed in detail elsewhere.12,24

Taking into account our results and former experimental
and clinical data, we can hypothesize that high levels of
both neurotrophins will promote the sensitization of
bladder sensory neurons, which might explain the
appearance of de novo urgency in more susceptible pa-
tients. The reasons for such individual susceptibility are
unclear.
The other observation was that neurotrophin levels 1

year after a MUS procedure were identical to those mea-
sured in OAB wet patients. If, as stated above, we admit
that the excess of neurotrophins is a relevant variable in
OAB pathogenesis, one should conclude that the place-
ment of a sling can create, in the long term, propitious con-
ditions to the appearance of OAB symptoms.
There are many potential causes for de novo urgency after

placement of a MUS. The most common is postoperative
UTI (7.4%-17.4%), followed by BOO (1.9%-19.7%), per-
foration of the urinary tract (0.5%-5%), and idiopathic
urgency (0%-28%).7 Management is based on the etiol-
ogy of the urgency, and evaluation should include history
and physical exam, urinalysis (to exclude UTI), and postvoid
residual (to rule out urinary retention or incomplete emp-
tying). Further evaluation comprises cystoscopy to rule out
urinary tract perforation and urodynamics to assess for
BOO.25 Finally, the overall clinical picture, in particular
the temporal relationship between the onset of obstruc-
tive symptoms and the surgery, must be weighted. The
reason that led to the increase of urinary neurotrophins after
surgery is unclear but can be somehow related to an in-
crease in bladder outlet resistance induced by an unpre-
dictable excessive sling tension, leading to the appearance
of urgency.26

NGF and BOOwas extensively studied by Steers et al.27–29

It has been shown that in men with OAB symptoms and
BOO caused by benign prostatic hyperplasia, as well as in
rats with obstructed urethras, the levels of NGF in the
bladder were significantly increased. In addition, spinal cord
remodeling of sensory endings was observed in rats after
BOO, caused by excess of NGF.27 Likewise, immuniza-

tion of rats against NGF limited neuronal sprouting and
prevented voiding dysfunction, confirming a causal role for
NGF in the emergence of OAB symptoms following BOO.28

In this study, women with de novo urgency had a signifi-
cantly higher percentage variation of NGF than women
without urgency (P = .019). Thus, it is tempting to suggest
that some neuronal remodeling may have occurred in some
of our patients after placement of a MUS with excessive
tension. Although this is intended to be a tension-free pro-
cedure, the fact is that in our cohort a relevant percent-
age of the patients had a marked decrease in Qmax from
baseline to 1 year. Interestingly, a trend for a higher mean
Qmax reduction was observed in women with de novo
urgency (P = .085).
Biomarkers to diagnose OAB symptoms might be irrel-

evant. However, they may help to understand the patho-
physiology of lower urinary tract symptoms, to provide an
objective measure of symptom severity, and to predict the
likelihood of a successful treatment outcome. In addi-
tion, urodynamic studies are invasive and have been found
to vary in the ability to predict surgical outcomes.9 The
fact that in this study, 1 year after a MUS procedure, women
with de novo urgency had a significantly higher percent-
age variation of NGF than women without urgency sug-
gests that NGF may be a predictive biomarker for the
appearance of long-term urgency after a MUS surgery. In
the future, it might be worthwhile to measure neurotrophins
in different time points after a MUS procedure to confirm
if women with a rapid and marked rise of these factors are
those who will develop idiopathic chronic urgency at a later
stage. If that is confirmed in a large cohort of patients, it
could be a new tool to detect patients at risk for de novo
urgency, offering them alternative treatments, such as sling
division or neurotrophin modulators.
This study has some obvious limitations. Sample size was

small and restricted to 1 center. Urine specimens were not
collected at a standardized time of the day. However, in a
previous study, a circadian variation for urinary neurotrophin
release in urine was not found.13 Finally, investigations were
only performed at baseline and 1 year after surgery, there-
fore preventing us to know at which moment the de novo
urgency and the rise of urinary neurotrophins started.
Another study, designed with more time points of evalu-
ation, seems welcome in the future.

CONCLUSION
In SUI women, after a MUS surgery, mean urinary levels
of NGF and BDNF significantly increase to values iden-
tical to those observed in OAB wet patients. Remark-
ably, women with de novo urgency had a significantly higher
percentage variation of NGF than women without urgency.
Moreover, these patients also had a marked decrease in
Qmax, suggesting that increased bladder outlet resistance
caused by sling placement may play a key role in the rise
of urinary neurotrophins, promoting sensitization and re-
modeling of bladder primary afferents, causing urgency in
susceptible patients.
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EDITORIAL COMMENT
This is an interesting observation reported by others in the past
not only in relation to the overactive bladder (OAB) but also
after midurethral sling (listed below).
The fact that both nerve growth factor (NGF) and brain-

derived neurotrophic factor increase in all patients after a sling
may suggest the increased outlet resistance is different in pa-
tients with sling compared with the healthy continent females.
The fact that it is increased in OAB patients may reflect resis-
tance has no role or that guarding mechanism is adequate resis-
tance to produce these changes.
There are conflicting reports in the literature on this topic of

biomarkers and lower urinary tract disorders both in relation to
slings and in OAB patients.
Pennycuff JF et al1 who compared neurotropic peptides in post-

menopausal women with and without OAB, showed neuro-
trophic factor levels normalized to urinary creatinine did not differ
between the groups. Furthermore, increasing age was associated
with greater urinary levels of brain-derived neurotrophic factor
and NGF. Higher urinary NGF was associated with increasing body
mass index as well. In a review article on urinary markers in lower
urinary tract disorders, authors concluded “to date, there is no
high level of evidence study comparing these markers to
urodynamics and their use can therefore not be recommended
in daily practice.”2

Chai et al3 measured urinary biomarkers in women at base-
line, and 1 year after surgery for stress urinary incontinence, nerve
growth factor increased (not specific to urgency).
As part of the ValUE (Value of Urodynamics Evaluation)

trial Chai et al4 reported, women with lower baseline levels of
urinary N-terminal amino telopeptide of cross-linked Type I
collagen were significantly less likely to fail midurethral sling
surgery.
Curiously, most of these studies report these observations after

synthetic slings. There is no hint or speculation that it has any-
thing to do with the material.

Gopal Badlani, M.D., Wake Forest Urology, Medical Center
Boulevard, Winston-Salem, NC
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AUTHOR REPLY
An underreported number of women submitted to a midurethral
sling (MUS) procedure develop de novo urgency. Potential
causes include postoperative urinary tract infection, bladder
outlet obstruction, or perforation of urinary tract.1 Although
these are easily diagnosed and treatable causes, late onset de
novo urgency, without obvious cause, can be much more
challenging to manage.
The identification of women at risk for developing de novo

urgency before a MUS procedure is, at the moment, not
possible. There has been extensive research on the role of
urinary neurotrophins, including nerve growth factor (NGF)
and brain-derived neurotrophic factor, as players underlying
lower urinary tract disorders, as well as urinary biomarkers of
several conditions.2 Neurotrophins lower the activation thresh-
old of bladder sensory neurons, being implicated in the emergence
of urinary urgency and bladder pain.3 Nevertheless, very few
studies have been done in women with de novo urgency after
surgical treatment of stress urinary incontinence to elucidate its
pathophysiology, identify patients at risk, and improve counsel-
ing regarding prognosis. Chai et al had recently reported an
increase in urinary NGF after a MUS procedure,4 but they did
not investigate the change of NGF levels with the occurrence
of de novo urgency. In the same study, women with lower
baseline levels of urinary N-terminal amino telopeptide of
cross-linked Type I collagen were significantly less likely to fail
MUS surgery.
Our pilot study was specifically designed to investigate changes

of urinary NGF and brain-derived neurotrophic factor in women
with stress urinary incontinence submitted to MUS surgery, and
an association between late onset de novo urgency, neurotrophin
levels, and flow reduction. Three important findings were dem-
onstrated. First, 1 year after placement of a MUS, urinary
neurotrophin levels increased to values similar to those mea-
sured in overactive bladder wet patients.5 Second, women who
developed de novo urgency had a significantly higher percent-
age increase of NGF than those without voiding dysfunction.
Third, there was a trend for a higher mean maximum flow rate
reduction in women who developed de novo urgency than in
women without voiding dysfunction.

According to these results, we hypothesized that increased
bladder outlet resistance caused by sling placement may play a
key role in the rise of urinary neurotrophins, promoting
sensitization and remodeling of bladder primary afferents,
which might explain the appearance of urgency in susceptible
patients.
There is a strong debate concerning the use of urinary

neurotrophins to complement diagnosis of lower urinary tract
disorders or as predictive or prognostic biomarkers.3 In addition
to controversial data, there are other several limitations to use
urinary neurotrophins as biomarkers for bladder disorders. Besides
the lack of specificity, their diagnostic accuracy and reproduc-
ibility require more investigation, as not all patients with
symptomatic overactive bladder or bladder pain syndrome have
high urinary neurotrophin levels, a fact that may either indi-
cate technical defaults or different phenotypes of these
conditions.2,5 Finally, further studies to standardize urine sample
collection and storage, with larger and matched control popu-
lations are required.
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Prostatic Diseases and Male Voiding Dysfunction

The Impact of Chronic Pelvic Ischemia
on LUTS and Urinary Levels of
Neuroinflammatory, Inflammatory, and
Oxidative Stress Markers in Elderly
Men: A Case-control Study
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OBJECTIVE To investigate lower urinary tract symptoms (LUTS) and urinary levels of neuroin!ammatory,
in!ammatory, and oxidative stress markers in elderly men with chronic pelvic ischemia (CPI)
caused by signi"cant aortoiliac disease.

MATERIALS AND
METHODS

Thirteen men aged over 60 years, with aorta, unilateral or bilateral common/internal iliac artery
occlusion documented by computed tomography angiography or angiography, were enrolled from
the vascular surgery department. Twelve sex- and age-matched controls without signi"cant aor-
toiliac disease were used for comparison. Exclusion criteria included neurogenic bladder dysfunc-
tion, bladder or prostate cancer, prostatic surgery, pelvic radiotherapy, or chronic treatment for
LUTS. Participants underwent urological examination, including assessment of International
Prostate Symptom Score (IPSS), uro!owmetry, postvoid residual (PVR), and prostate volume.
Urine samples were collected, and levels of neuroin!ammatory (nerve growth factor, NGF),
in!ammatory (cytokines), and oxidative stress markers (8-hydroxy-20-deoxyguanosine) were
determined by enzyme-linked immunosorbent assay.

RESULTS Groups were similar for age, PVR, prostate volume, and most cardiovascular risk factors. IPSS was
higher in patients with CPI (11 § 3 vs 8§ 2, P = .02), with a signi"cant mean difference between
groups of three points. Urinary NGF was signi"cantly higher in men with CPI (3.7 § 0.8 vs 2.9 §
0.7, P = .02), but no differences were found in in!ammatory and oxidative biomarkers among
groups.

CONCLUSION Severe CPI in elderly men is associated with a signi"cant increase in LUTS and bladder neuro-
genic in!ammation, as suggested by the increase of NGF release in urine, sensitizing bladder affer-
ents. These "ndings con"rm the relevance of ischemia in bladder function and appear to validate
animal models of bilateral iliac artery occlusion. UROLOGY 123: 230!234, 2019. © 2018
Elsevier Inc.

Increasing evidence suggests that atherosclerosis and
subsequent chronic pelvic ischemia (CPI) affecting

the bladder may be a cause of lower urinary tract
symptoms (LUTS) in advancing age.1

Several experimental models using rabbits and rats
have demonstrated that CPI leads to bladder ischemia. It
is well known that prolonged bladder ischemia induces
morphologic and functional changes in bladder innerva-
tion, urothelium, detrusor muscle, and the endothelium
of microvessels.2 Interestingly, studies with these models
indicate that the severity and duration of bladder ischemia
are relevant to the type of bladder dysfunction. In other
words, moderate ischemia is associated with bladder
hyperactivity, whereas severe and long-term ischemia
would result in bladder underactivity.3-5

Atherosclerosis is very common in elderly age, espe-
cially in the abdominal aorta and iliac arteries, speci"cally
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at bifurcations, hence reducing pelvic blood !ow and
leading to chronic bladder ischemia.2 In addition,
advanced age is strongly associated with functional, cellu-
lar, and molecular changes in vasculature, causing mor-
phologic and functional changes in the bladder.5 Aging-
related endothelial dysfunction is associated with a reduc-
tion of nitric oxide bioavailability, oxidative stress and
consequent dysfunctional production of vasoconstrictor
and vasodilator factors, prolonged low-grade in!amma-
tion, impaired angiogenesis, and endothelial cell senes-
cence.5 All these cellular changes are believed to
contribute to the increased prevalence of LUTS among
elderly subjects. Moreover, the fact that a1-blockers, the
mainstay therapy for male LUTS, can improve bladder
blood !ow, promote smooth muscle relaxation, and
reduce afferent signaling and oxidative stress in the con-
text of ischemia further supports the hypothesis of vascu-
lar dysfunction in the etiopathogenesis of LUTS.5,6

Interestingly, there are also a large number of clinical
studies reporting a signi"cant association between aging,
cardiovascular risk factors, erectile dysfunction, and the
prevalence of LUTS.6

Despite above-mentioned associations, a direct
impact of CPI on the appearance of LUTS in elderly
men was never fully determined. Herewith, we investi-
gated the occurrence of LUTS and the urinary levels
of neuroin!ammatory, in!ammatory, and oxidative
stress markers in elderly men with CPI caused by aorta,
unilateral or bilateral common/internal iliac obstruc-
tion. A group of age-matched men without CPI were
used as controls.

MATERIALS AND METHODS
The study was approved by the local ethics committee. Informed
consent was obtained from all participants.

A case-control study was conducted. Cases featured 13
men aged over 60 years with aortic, unilateral or bilateral
common/internal iliac artery occlusion, documented by com-
puted tomography) angiography or conventional angiogra-
phy, enrolled from the vascular surgery department, between
October 2015 and December 2016. Twelve sex- and age-
matched controls, without signi"cant aortoiliac disease con-
"rmed by abdominal aortoiliac duplex ultrasonography, were
used for comparison. Ankle!brachial index in the worst
limb was determined for cases.

Exclusion criteria included neurogenic bladder dysfunction,
bladder or prostate cancer, prostatic surgery, pelvic radiotherapy,
chronic treatment for LUTS, and history of stroke.

Evaluation comprised anamnesis, including assessment of car-
diovascular risk factors, pelvic examination, uro!owmetry with
Qmax calculation, suprapubic ultrasound to measure postvoid
residual volume, transrectal ultrasound to determine prostate
volume, and assessment of LUTS severity by means of Interna-
tional Prostate Symptom Score (IPSS). IPSS classi"ed the sever-
ity of the disease as mild (0-7), moderate (8-19), and severe
symptomatic (20-35). Total IPSS and storage/voiding subscores
were determined.

Urine Collection
Urine was collected in sterile containers when subjects experi-
enced a sensation of full bladder at the outpatient clinic. Sam-
ples were placed on ice and centrifuged at 3000 rpm for 10
minutes at 4°C. Supernatant was collected in 1-mL aliquots, and
the remainder was used to measure creatinine (Cr) concentra-
tion. Aliquots were frozen at ¡80°C until further processing.

Urine Analysis
Urine samples were thawed to measure 8-hydroxy-20-deoxygua-
nosine (8-OHdG), in!ammatory cytokines, and urinary nerve
growth factor (NGF).

In order to evaluate the level of oxidative stress, the com-
petitive quantity of 8-OHdG was determined by enzyme-
linked immunosorbent assay (Abcam ab201734), following
the manufacturer’s protocol. Summarily, urine samples of the
control and ischemic patients and standards were added to
an 8-OHdG-coated 96-well plate that was detected with
horseradish peroxidase conjugated 8-OHdG antibody. A col-
ored signal was obtained after incubation with tetramethyl-
benzidine substrate, and the absorbance was measured at
450 nm, using a multiplate reader (Tecan in"nite M200,
M!annedorf, Switzerland). The average absorbance value of
samples was plotted on the standard curve to extrapolate
sample concentrations. Final values were then normalized to
Cr concentration (8-OHdG/Cr, ng/mg).

In!ammation was measured through quanti"cation of 40 dif-
ferent cytokines, speci"cally Eotaxin, Eotaxin-2, GCSF, GM-
CSF, ICAM-1, IFN-gamma, I-309, IL-1alpha, IL-1beta, IL-2,
IL-3, IL-4, IL-6, IL-6sR, IL-7, IL-8, IL-10, IL-11, IL-12p40,
IL-12p70, IL-13, IL-15, IL-16, IL-17, IP-10, MCP-1, MCP-2,
M-CSF, MIG, MIP-1alpha, MIP-1beta, MIP-1delta, RANTES,
TGF-beta1, TNF-alpha, TNF-beta, sTNF RI, sTNF-RII,
PDGF-BB, and TIMP-2, using an ELISA kit (Abcam
ab134003). Succinctly, the urine samples of the control and
ischemic patients were incubated at 4°C overnight, with mem-
branes having captured antibodies against the above-mentioned
cytokines. Afterwards, membranes were incubated with biotiny-
lated antibodies and streptavidin horseradish peroxidase. Signal
was obtained through chemiluminescence using Chemidoc MP,
and the signal intensity was analyzed using Image Lab 5.1.

To estimate the presence of chronic neurogenic in!amma-
tion, urinary NGF levels were measured by enzyme-linked
immunosorbent assay Emax ImmunoAssay System (Promega,
USA), following the manufacturer’s instructions as used in
other studies. Brie!y, well plates are coated overnight with
anti-NGF antibodies, which bind soluble NGF from urine
samples. Captured NGF is recognized by a second speci"c
antibody. After several washes, a horseradish peroxidase
linked antibody is added, followed by incubation with a
chromogenic substrate. The amount of NGF in the sample is
proportional to the color generated by the enzymatic degra-
dation of the substrate. The amount of NGF in the sample
was measured at 450 nm using a Synergy HT microplate
reader (BioTek Instruments, USA). All samples were run in
duplicate and values were averaged against a standard curve
generated with known amounts of NGF. Final values were
then normalized to Cr concentration (NGF/Cr, pg/mg).

Statistical Analysis
All data are presented as mean § standard deviation.
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The Kolmogorov-Smirnov test was used to check the normal-
ity of variable distributions. The distribution of NGF levels was
log transformed to reduce skewness.

Unpaired Student t and Mann-Whitney U tests were used for
statistical analysis between groups when considering parametric
and nonparametric data, respectively.

Statistical signi!cance was considered at P < .05. GraphPad
Prism 7 statistics software for Mac was used.

RESULTS
Clinical and demographic characteristics of patients with
CPI and controls are summarized in Table 1. Both groups
were identical for age, prostate volume, postvoid residual
volume, maximum urinary "ow rate (Qmax), and most
cardiovascular risk factors, namely hypertension, diabetes
mellitus type 2, and dyslipidemia. In cases, mean ankle
!brachial index in the worst limb was 0.42 § 0.12. In
controls, no obstructive disease was detected and triphasic
"ow was detected distally.
Mean total IPSS was signi!cantly higher in the pelvic

ischemia group than that in controls, with a between-
group difference of three points (10.9 § 3.5 vs 8.3 § 2.2,
P = .02). When comparing both groups for IPSS voiding
and storage subscores, although a statistically signi!cant
difference between the two groups was not found, a trend
for a higher mean voiding subscore occurred in men with
CPI (7.6 § 3.8 vs 5.4 § 1.3, P = .08) (Fig. 1).
Urinary biomarkers of the ischemic and control groups

are summarized in Table 2. Urinary NGF/Cr ratio was sig-
ni!cantly higher in the ischemic group (3.7 § 0.8 vs 2.9
§ 0.7, P = .02), but no differences were found in urinary
cytokines and oxidative biomarkers. From the 40 human
in"ammatory cytokines investigated in the urine, MIP-1d,
sTNF RI, sTNF RII, ICAM-1, MCP-1, IL-6, and IP-10
presented slightly stronger signals in ischemic patients,
albeit statistical signi!cance was not obtained. The factors
MIP-1b, TIMP-2, and IL-6 sR showed readable identical
signals in both groups. All other 30 cytokines demon-
strated weak or no signal. Considering oxidative stress

assessment, no signi!cant difference was found in mean
urinary levels of 8-OHdG between groups.

COMMENT
The most striking result to emerge from the present study
is that the decrease of pelvic blood perfusion in elderly
men is associated with a signi!cant increase in LUTS and
high urinary NGF levels.

Nonetheless, the above-mentioned symptoms were not
severe as it could be expected from data extracted from
experimental pelvic ischemia, but rather moderate
according to the IPSS (mean IPSS in the pelvic ischemia
group: 10.9§3.5). In accordance, several studies evaluat-
ing the effect of internal iliac artery exclusion for patients
undergoing endovascular aneurysm repair7 and patients
with severe distal aortoiliac occlusive disease (Leriche
syndrome)8 did not present a signi!cant surge of urinary
symptoms, but instead a high prevalence of erectile dys-
function, buttock claudication, and decreased distal
pulses. In addition, it has been documented that the

Table 1. Clinical and demographic characteristics of patients with chronic pelvic ischemia and controls. Data of continuous
variables are expressed as mean § standard deviation. Statistical significance was considered at P < .05.

Chronic Pelvic Ischemia
(n = 13), Aortic, Unilateral

or Bilateral Common/Internal
Iliac Artery Occlusion

Controls (n = 12),
No Significant

Aortoiliac Disease P

Age 69.7 § 7.7 68.8 § 8.7 .75
BMI (kg/m2) 24.6 § 2.5 28.1 § 4.0 .02
Hypertension (n) 12 11 .95
Diabetes mellitus type 2 (n) 4 5 .57
Dyslipidemia (n) 11 10 .93
Prostate volume (mL) 34.3 § 15.5 34.9 § 19.7 .93
IPSS (0-35) 10.9 § 3.5 8.3 § 2.2 .02
IPSS storage (0-15) 3.8 § 1.5 2.9 § 1.1 .14
IPSS voiding (0-20) 7.6 § 3.8 5.4 § 1.3 .08
Qmax (mL/s) 16.8 § 6.7 18.6 § 7.7 .60
Postvoid residual volume (mL) 42.9 § 78.3 34.9 § 19.7 .60

Fig. 1. Total IPSS and storage/voiding subscores in
patients with chronic pelvic ischemia and controls. Mean
total IPSS was significantly higher in the pelvic ischemia
group than that in controls (10.9 § 3.5 vs 8.3 § 2.2,
P = .02). No significant differences were found for IPSS void-
ing and storage subscores. Statistical significance was con-
sidered at P < .05. (Color version available online.)
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maintenance of perfusion to the pelvis and lower extremi-
ties in aortoiliac occlusive disease can be obtained
through collateral pathways, speci!cally the superior rec-
tal artery and rectal plexus, the internal thoracic artery, as
well as the sacral plexus.9 It is therefore possible that our
study population presented moderate LUTS due to the
very slow development of arterial obstruction, which gives
time to the appearance of compensatory collateral path-
ways, preventing critical bladder ischemia. Taking that
into account, we postulate that, in a longer time span,
older patients with signi!cant peripheral atherosclerotic
disease would more likely have the alternative pathways
impaired, and consequently severe bladder ischemia.
Several experimental studies were recently carried out

to investigate the effect of chronic bladder ischemia on
bladder function.3, 10 Short-term ischemia, through acti-
vation of molecular cascades with cell survival signaling,
upregulation of cytokines, and accumulation of in"amma-
tory eicosanoids and leukotriens, results in overactivity.6

In particular, increased expression of NGF, prostaglan-
dins, proin"ammatory cytokines, HIF-1a, transforming
growth factor b, vascular endothelial growth factor, cyto-
kine-inducible nitric oxide species, and decreased endo-
thelial and neuronal nitric oxide species seem to take part
in this response to ischemia in urothelial cells.6, 11 On the
other hand, prolonged and severe ischemia, by exhausting
smooth muscle energy resources, due to excessive meta-
bolic demands for adaptation to the extreme levels of hyp-
oxia, results in mitochondrial damage, smooth muscle
atrophy, !brosis, contractile dysfunction, as well as further
neurodegeneration, progressing from overactivity to
underactivity.4,12

In a recent study in rats, balloon-induced endothelial
injury of the iliac arteries combined with a high-choles-
terol diet induced arterial occlusive disease and bladder
ischemia, with consequent detrusor overactivity.10 In a
subsequent study by the same authors, chronic pelvic arte-
rial occlusive disease plus vascular endothelial dysfunction
produced severe vascular damage and ischemia, leading to

increased postvoid residual volume, impaired detrusor
contractility, and bladder !brosis. These !ndings suggest
that in rats, progressive vascular damage causes bladder
dysfunction, which develops from bladder hyperactivity
to bladder underactivity.3 Nevertheless, it remains to be
established whether this hypothesis also applies to
humans. Considering this chronicity, we can hypothesize
that the CPI patients in our study, with high levels of uri-
nary NGF, might be in the early phase of ischemia, indi-
cating that with a longer exposure to hypoxia a current
compensation of bladder function through hyperactivity
could progress to underactivity.

In the literature, it seems clear that an adequate per-
fusion can be maintained until at least 75% of the
maximum bladder capacity is reached; after that limit,
blood "ow tends to decrease. Reperfusion occurs after
bladder distention, with release of vasodilating cyto-
kines. In an already ischemic bladder, especially in the
presence of excessive chronic bladder !lling, repeated
ischemia-reperfusion cycles could additionally damage
the bladder, by increasing oxidative stress, denervation,
and expression of tissue-damaging molecules, like NGF
and prostaglandins.5, 13

Urothelium and suburothelial vessels, being the most
active metabolic layers of the bladder, are in a greater risk
of suffering from ischemia, and since most afferent nerves
are in the lamina propria and are greatly sensitive to hyp-
oxia, both motor and sensory innervations are impaired,
resulting in bladder dysfunction.5 As the most affected
layer by decreased perfusion, the urothelium might be the
major source of urinary cytokines and neurotrophins. In
animal models of CPI, a marked expression of NGF in the
urothelium was observed.14 NGF is important for main-
taining bladder afferent activity, and increased NGF
expression may lead to sensitization of neural sensory
pathways, contributing to bladder dysfunction, particu-
larly overactivity.14 The low-grade in"ammation associ-
ated with ischemia can explain the increase of urinary
NGF in men with CPI, promoting the sensitization of

Table 2. Expression of urinary nerve growth factor (NGF), inflammatory cytokines and 8-hydroxy-20-deoxyguanosine (8-OHdG)
in patients with chronic pelvic ischemia and controls. Urinary levels of NGF and 8-OHdG were normalized to urine creatinine
(Cr). Data of continuous variables are expressed as mean § standard deviation. Statistical significance was considered at
P < .05.

Chronic Pelvic Ischemia (n = 13),
Aortic, Unilateral or Bilateral

Common/Internal Iliac Artery Occlusion
Controls (n = 12),

No Significant Aortoiliac Disease P

NGF/Cr 3.7 § 0.8 2.9 § 0.7 .02
MIP-1d 3609 § 4692 1980 § 1834 .29
MIP-1b 4547 § 2852 6051 § 4386 .36
sTNF RI 11,269 § 9952 6536 § 4131 .15
sTNF RII 33,223 § 19,967 24,584 § 11,746 .24
ICAM-1 5421 § 3212 3154 § 2200 .08
TIMP-2 18,423 § 22,262 19,036 § 19,384 .95
MCP-1 18,368 § 16,787 18,199 § 8426 .98
IL-6 1348 § 2754 873 § 527 .59
IL-6 sR 17,502 § 9621 19,313 § 9799 .65
IP-10 9105 § 7510 11,570 § 4967 .37
8-OHdG/Cr 70.4 § 32.7 68.1 § 35.9 .86
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bladder primary afferents. These !ndings seem to validate
animal models of chronic bladder ischemia used to inves-
tigate ischemia-induced bladder dysfunction.
Throughout the years, oxidative stress has been greatly

associated to the pathophysiology of ischemia-induced
bladder dysfunction. Using both rabbit and rat models, it
has been demonstrated that pelvic arterial insuf!ciency
leads to bladder ischemia and oxidative stress linked to
the upregulation of oxidative stress-sensitive genes. In this
context, a pro-oxidative environment provokes contrac-
tion of detrusor muscle and bladder overactivity, which
decreases subsequently after administration of antioxidant
therapy.5, 6 The mechanism by which oxidative stress
causes bladder dysfunction seems to be through sensitiza-
tion of afferent pathways, as shown in animal models that
had increased tachykinin-containing nerves and upregula-
tion of neurokinin receptors.13 It has been further attested
that increasing age resulted in higher amounts of reactive
oxygen species, O2-, and 8-OHdG in the urothelium of
mice.6 Our ischemic patients presented minor oxidative
stress levels, most likely by means of abundant microvas-
cular collateral pathways, thus being unable to fully repli-
cate the above-mentioned animal models.
This study has some other obvious limitations. Sample

size was small, and the study is restricted to one center.
Therefore, validation of these results should be considered
with some caution. Moreover, urine sample storage and
the enzyme-linked immunosorbent assay methodology for
measuring urinary NGF, cytokines, and oxidative stress
markers are not yet standardized.

CONCLUSION
In conclusion, severe pelvic ischemia in elderly men is
associated with a signi!cant increase in LUTS and bladder
neurogenic in"ammation, as suggested by the increase of
NGF release, which may sensitize bladder primary affer-
ents. These !ndings con!rm the relevance of CPI in blad-
der function and validate animal models of bilateral iliac
artery occlusion currently under use to investigate the
pathophysiologic mechanisms at stake. However, the
chronic evolution of the disease in men, when compared
with the sudden arterial obstruction induced in experimen-

tal models, permits the development of collateral circula-
tion, limiting the direct translation of the animal data.
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As previously described, accumulating experimental and clinical evidence suggests 

a role for neurotrophins in hypersensitization and remodeling of bladder sensory 

afferents, indicating their involvement in the emergence of OAB symptoms. This 

knowledge steered to investigation of urinary neurotrophins as biomarkers of OAB. 

 

 

In the former article (Antunes-Lopes T et al., 2013), urinary levels of neurotrophic 

factors were systematically measured in healthy individuals of both genders for the first 

time, followed by research of their chronobiological variation. Urinary neurotrophin 

levels were low and stable during the day, without circadian variation. Moreover, there 

were no differences between sexes, and in urinary samples collected three months 

apart, suggesting steady levels over time. Interestingly, urinary GDNF levels were 

significantly higher in women, but no immediate rational explanation for this finding can 

be foreseen. 

Like in our study, several research groups have repeatedly demonstrated the 

presence of significantly higher baseline levels of NGF in the urine of OAB patients in 

comparison with controls without LUTS (Kim JC et al., 2006; Liu HT and Kuo HC, 2008a; 

Antunes-Lopes T et al., 2013; Alkis O et al., 2017), particularly in those complaining of 

UUI (OAB wet) (Liu HT and Kuo HC, 2008a; Liu HT et al., 2011a; Kuo HC et al., 2010b). In 

addition, urinary levels of NGF seems to correlate with urgency intensity (Liu HT et al., 

2011a). Therefore, NGF has been proposed as both a potentially useful biomarker to 

differentiate OAB from other LUT disorders and a predictive marker to guide treatment 

(Seth JH et al., 2013; Antunes-Lopes T et al., 2014; Sheng W et al., 2017).  

On the other hand, we showed, for the first time, that urinary levels of BDNF were 

significantly higher in 70% of women with OAB (n = 37; mean age of 50.6 ± 14.5 years), 

mostly with UUI (84%), compared with healthy females (n = 20; mean age of 38.6 ± 13.4 

years). Two subsequent supportive studies also reported significantly higher levels of 

urinary BDNF in patients with OAB compared with controls (Wang L et al., 2014; Alkis O 

et al., 2017). In addition, Wang and colleagues (Wang L et al., 2014) found that urinary 

levels of BDNF correlated with OAB symptom severity and reported a higher area under 
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the curve (AUC) in receiver operator characteristic (ROC) analysis for urinary BDNF than 

for NGF (0.952 vs. 0.776). Similarly, in a small preliminary study of our group the AUC for 

BDNF was higher than that of NGF (0.78 vs. 0.68) (Antunes-Lopes T et al., 2011a, 2011b). 

In both studies, urinary BDNF/creatinine (Cr) ratio provided better sensitivity and 

specificity than NGF/Cr to diagnose OAB (Antunes-Lopes T et al., 2011a, 2011b, 2013; 

Wang LW et al., 2014), raising attention as a potential biomarker. Moreover, as 

previously alluded, a recent experimental study (Kashyap MP et al., 2018) demonstrated 

that enhanced BDNF signaling in the bladder leads to DO, which is caused by BDNF-

induced genomic changes in cholinergic efferent and purinergic afferent neurons along 

with altered neurotrophin levels in the S1 DRG innervated by bladder afferent neurons. 

These BDNF-induced molecular phenotypic changes imply enhanced efferent and 

afferent neurotransmission in OAB and suggests that treatment strategies targeting 

BDNF signaling might be useful for treating LUT disorders (Pinto R et al., 2010; 

Ochodnicky P et al., 2012). 

In contrast to neurotrophins, no differences were found in GDNF levels between 

OAB patients and controls. As previously stated, these neurotrophic factors influence 

different subpopulations of bladder sensory fibers: NGF and BDNF modulate the 

peptidergic subpopulation, while GDNF affects the non-peptidergic subpopulation. 

Therefore, it is tempting to conclude that OAB primarily involves neurotrophin-induced 

sensitization of peptidergic bladder afferents (Ochodnicky P et al., 2012; Antunes-Lopes 

T et al., 2013).  

On the other hand, one must recall that a significant overlap of urinary NGF and 

BDNF levels between patients and controls was observed by most researchers (Antunes-

Lopes T et al., 2013, Liu HT and Kuo HC 2008a; Kuo HC et al., 2010b; Seth JH et al., 2013).  

In other words, not all patients have the urinary levels of neurotrophins increased. In 

our cohort including OAB wet and dry patients, NGF was elevated in 38%, BDNF in 70%, 

and both neurotrophins in 32% of the cases, but roughly one fourth of the patients had 

levels in the range of healthy controls (Antunes-Lopes T et al., 2013). Whether these 

subgroups correspond to distinct pathophysiological mechanisms, and potentially 

relevant OAB phenotypes which can benefit from different therapies, remain unclear. 

Several authors described a reduction of urinary levels of neurotrophins after 

successful management of OAB patients, either with antimuscarinic drugs (Liu HT et al., 
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2009b; Antunes-Lopes T et al., 2013; Alkis O et al., 2017) and onabotulinum toxin A (Liu 

HT et al., 2009a). In the case of BDNF, we were the first group to report a decrease of 

urinary BDNF after lifestyle intervention and antimuscarinic treatment. The capacity of 

non-pharmacological intervention alone to influence urinary neurotrophins is 

particularly interesting. One can speculate that the decreased bladder autonomic 

activity, and the associated micromotions (Drake MJ et al., 2005), expected after 

reduced intake of fluids, caffeine and alcohol, could decrease NGF and BDNF release 

from the bladder. According to Drake’s theory, afferent nerve activity may represent not 

just a graded response to uniform distension of the bladder by the increasing urine 

volume during storage, but also can be generated by localized distortions within the 

bladder wall resulting from its modular structure – autonomous micromotions (Drake 

MJ et al., 2017). Hence, the reduction of this physiological property could contribute to 

decrease storage phase symptoms such as urgency. However, this explanation should be 

considered with caution as, in patients with OAB, the increase of bladder volume is not 

significantly associated with higher urinary levels of NGF, suggesting that urinary NGF 

can be pathologically increased at small bladder volumes and does not significantly 

increase at an urgency sensation (Liu HT et al., 2011b). It is also possible that 

symptomatic improvement due to lifestyle measures may have caused a reduction in 

neurotrophin release from uncertain areas of the central nervous system, accompanying 

the increased sensation of well-being associated with LUTS improvement.  

Considering that urothelial cells express muscarinic receptors (Andersson KE, 

2011), the decrease in urinary neurotrophins after antimuscarinic therapy may be 

explained by the anticholinergic inhibition of urothelial neurotrophin secretion. The 

decreased bladder autonomic activity during filling phase, that is expected after 

muscarinic receptor blockade, might also contribute to the reduction in urinary levels of 

neurotrophins (Clemow DB et al., 2000). 

According to these data, urinary NGF and BDNF could be explored as potential 

biomarkers to identify distinct OAB phenotypes, in order to select patients for specific 

target therapies with better outcomes. However, as these studies were not placebo 

controlled, caution should be taken in the interpretation of results. Furthermore, in a 

recent study, Alkis and colleagues reported higher urinary levels of NGF and BDNF in 

OAB women but questioned the predictive value of these putative markers. Although 
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urinary levels of NGF and BDNF significantly declined after 1-month treatment with 

solifenacin, and the ratio of decrease of these markers was significantly higher in 

treatment-sensitive patients, basal neurotrophin levels did not differ between 

responders and non-responders. This raises the concern about the use of urinary NGF 

and BDNF as predictive biomarkers to establish the probability of a positive response to 

a particular treatment.  

In a recent and unique meta-analysis on the topic, including 17 studies, Sheng and 

colleagues (Sheng W et al., 2017) reviewed the association between urinary NGF and 

OAB and found that OAB patients had significantly higher baseline urinary NGF/Cr levels 

than controls. In addition, after treatment, the mean urinary NGF/Cr ratio decreased 

significantly in the OAB group. However, urinary levels of NGF between OAB patients 

and those with BPS/IC were in the same range. The authors concluded that the evidence 

for increased urinary NGF/Cr in OAB seems clear. Nevertheless, at present, NGF cannot 

be used as a biomarker of OAB due to its lack of specificity, and the absence of high-

quality studies with strict control of the confounding factors. Combined with other 

biological markers NGF may improve its accuracy. 

However, not all studies showed an elevation of neurotrophins in OAB patients. 

Pennycuff and coworkers (Pennycuff JF et al., 2017) compared postmenopausal OAB 

women with age-matched controls and found no difference in urinary levels of NGF and 

BDNF between the two groups. Remarkably, the authors reported a correlation between 

increasing age, and greater urinary levels of both neurotrophins. In addition, higher 

urinary NGF was associated with an increasing body mass index. A similar age-associated 

elevation in urinary NGF was found by Tyagi et al. (Tyagi P et al., 2014), in a study 

including OAB patients of both sexes, with ages ranging from 25 to 90 years. In addition, 

histological studies have shown that estrogen receptors are colocalized with TrkA 

receptors in the bladder urothelium, suggesting that estrogen may have a role in the 

activity of NGF (Bjorling DE and Wang ZY, 2001). Therefore, in future studies, age, 

menopausal status, use of hormone replacement therapy, and comorbidities linked to 

neuroinflammation should be taken into account when measuring urinary neurotrophins 

in women (Pennycuff JF et al., 2017). 

Besides being proposed as a biomarker for OAB symptoms, urinary NGF has also 

been suggested as a surrogate marker of DO, suggesting that higher levels of urinary 
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NGF may predispose the occurrence of DO (Rachaneni S et al., 2013). It was also shown 

that patients with MUI had higher levels of urinary NGF than those with genuine SUI 

alone (Liu HT et al., 2008). Furthermore, after anti-incontinence surgery, urinary NGF 

levels remained low in women with persistent urodynamic proven SUI, but were 

significantly higher in those with de novo DO (Liu HT et al., 2008). According to these 

data, neurotrophins may assist in concluding whether the patient has UUI or SUI, when 

this distinction is not straightforward.  

 

 

The second article of this thesis (Antunes-Lopes T et al., 2017) was a pilot study 

specifically designed to investigate changes of urinary neurotrophins in women with SUI 

submitted to a MUS surgery, and the putative association between de novo urgency and 

neurotrophin levels. Two important findings were demonstrated. First, one year after 

placement of a MUS, urinary levels of NGF and BDNF increased to values similar to those 

measured in OAB wet patients (Liu HT and Kuo HC, 2008a; Antunes-Lopes T et al., 2013; 

Wang LW et al., 2014). Second, women who developed de novo urgency had a 

significantly higher percentage increase of urinary NGF than those without urgency. The 

increase of urinary NGF after a MUS had already been reported by Chai and coworkers 

(Chai TC et al., 2014) who analyzed several urinary inflammatory and tissue remodeling 

biomarkers in a subsample of women participating in the ValUE (Value of Urodynamics 

Evaluation) trial. Our study added, however, novel findings. One is that BDNF was also 

increased after anti-incontinence surgery. The other observation was that, one year 

after a MUS procedure, neurotrophin levels were identical to those measured in OAB 

wet patients.  

Taking into account our results and former experimental and clinical data, we can 

hypothesize that high levels of both neurotrophins will promote the sensitization of 

bladder sensory neurons, what might explain the appearance of de novo urgency in 

more susceptible patients. The reasons for such individual susceptibility are still unclear. 

If, as stated above, we admit that the excess of neutrophins is a relevant variable in OAB 

pathogenesis, one should conclude that the placement of a sling can create, in the long 

term, propitious conditions for the appearance of urgency. 
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As previously stated, there are many potential causes for de novo urgency after 

placement of a MUS. The most common is postoperative UTI (7.4-17.4%), followed by 

BOO (1.9-19.7%), perforation of the urinary tract (0.5-5%), and idiopathic urgency (0-

28%) (Abraham N and Vasavada S, 2014). Management is based on the etiology of the 

urgency, and evaluation should include history and physical exam, urinalysis (to exclude 

UTI), and post-void residual (to rule out urinary retention or incomplete emptying). 

Further evaluation comprise cystoscopy to rule out urinary tract perforation, and 

urodynamics to assess for BOO (Patel BN et al., 2012). Finally, the overall clinical picture, 

in particular the temporal relationship between the onset of obstructive symptoms and 

the surgery must be weighted. The reason that led to the increase of urinary 

neurotrophins after surgery is unclear but can be somehow related to an increase in 

bladder outlet resistance induced by an unpredictable excessive sling tension, leading to 

the appearance of urgency (Kraus SR et al., 2011). Although the surgical placement of a 

MUS is intended to be a tension free procedure, obstruction of the bladder outlet can 

occur, comprising a possible cause of de novo OAB. NGF and BOO was extensively 

studied by Steers and coworkers (Steers WD et al., 1991, 1996; Steers WD and Tuttle JB, 

2006). It has been shown that in men with OAB symptoms and BOO caused by benign 

prostatic hyperplasia (BPH), as well as in rats with obstructed urethras, the amount of 

NGF in the bladder was significantly increased. In addition, spinal cord remodeling of 

sensory endings was observed in rats after BOO, caused by excess of NGF (Steers WD et 

al., 1991). Likewise, immunization of rats against NGF limited neuronal sprouting and 

prevented voiding dysfunction, confirming a causal role for NGF in the emergence of 

OAB symptoms following BOO (Steers WD et al., 1996). 

Biomarkers to diagnose OAB symptoms might be irrelevant. However, they may 

help to understand the pathophysiology of LUTS, to provide an objective measure of 

symptom severity and to predict the likelihood of a successful treatment outcome. In 

addition, urodynamic studies are invasive and have been found to vary in the ability to 

predict surgical outcomes (Antunes-Lopes T et al., 2014, 2019). The fact that in this 

study, one year after a MUS procedure, women with de novo urgency had a significantly 

higher percentage variation of NGF than women without urgency, suggests that NGF 

may be a predictive biomarker for the appearance of long-term urgency after a MUS 

surgery. In the future, it might be worthwhile to measure neurotrophins in different 
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time points after placement of a MUS, in order to confirm if women with a rapid and 

marked rise of these factors are those who will develop idiopathic chronic urgency at a 

later stage. If that is confirmed in a large cohort of patients, it could be a new tool to 

detect patients at risk for de novo urgency after anti-incontinence surgery, offering 

them alternative treatments, such as sling division or neurotrophin modulators. 

 

 

As previously described, there is evidence that chronic bladder ischemia and 

oxidative stress may be important factors contributing to the development of LUTS, 

particularly in the elderly population. However, the impact of atherosclerosis-induced 

CPI alone on the appearance of LUTS in elderly men was never fully determined. In the 

third article (Antunes-Lopes T et al., 2019), we investigated the occurrence of LUTS and 

the urinary levels of neurotrophins and other inflammatory and oxidative stress markers 

in elderly men with CPI caused by severe atherosclerotic aortoiliac disease. A group of 

age-matched men without pelvic ischemia was used as control. The most remarkable 

result was that the decrease of pelvic blood perfusion in elderly men was associated 

with a significant increase in LUTS and high urinary levels of NGF. However, reported 

symptoms were not as severe as it could be expected from data extracted from 

experimental models of pelvic ischemia, but rather moderate according to IPSS scores 

(mean IPSS in the pelvic ischemia group: 10.9 ± 3.5). In accordance, several studies 

evaluating the effect of internal iliac artery embolization for patients undergoing 

endovascular aneurysm repair (EVAR) (Bosanquet DC et al., 2017) and patients with 

severe distal aortoiliac occlusive disease (Leriche syndrome) (Beckwith R, 1958) did not 

present a significant surge of urinary symptoms, but instead a high prevalence of erectile 

dysfunction, buttock claudication and decreased distal pulses. This can be justified by 

the maintenance of perfusion to the pelvis and lower extremities in aortoiliac occlusive 

disease through collateral pathways, specifically the superior rectal artery and rectal 

plexus, the internal thoracic artery, as well as the sacral plexus. It is therefore possible 

that our population presented moderate LUTS due to the very slow development of 

arterial obstruction, which gives time to the appearance of compensatory collateral 

pathways, preventing critical bladder ischemia. Taking that into account, we postulate 

that, in a longer time span, older patients with significant peripheral atherosclerotic 
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disease, would more likely have the alternative pathways impaired, and consequently 

more severe bladder ischemia. Moreover, we can also hypothesize that patients with 

CPI with high levels of urinary NGF may be in an early phase of ischemia, indicating that 

with a longer exposure to hypoxia a current compensation of bladder function through 

hyperactivity could progress to underactivity (Andersson KE et al., 2017).  

Urothelium and suburothelial vessels, being the most active metabolic layer of the 

bladder, are in greater risk of suffering from ischemia and since most afferent nerves are 

in the lamina propria and are greatly sensitive to hypoxia, both motor and sensory 

innervation are impaired, resulting in bladder dysfunction (Yamaguchi O et al., 2014; 

Andersson KE et al., 2017). As the most affected layer by decreased perfusion, the 

urothelium might be the major source of urinary cytokines and neurotrophins. In animal 

models of CPI, a marked expression of NGF in the urothelium was observed (Andersson 

KE et al., 2015). As previously mentioned, NGF is important for maintaining bladder 

afferent activity, and increased NGF expression may lead to sensitization of neural 

sensory pathways, contributing to bladder dysfunction, particularly overactivity 

(Andersson KE et al., 2015, 2017). The low-grade inflammation associated with ischemia 

can explain the increase of urinary NGF in men with CPI, promoting the sensitization of 

bladder primary afferents. These findings seem to validate animal models of chronic 

bladder ischemia used to investigate ischemia-induced bladder dysfunction. 

Oxidative stress has been greatly associated to the pathophysiology of ischemia-

induced bladder dysfunction.  In experimental models, it has been demonstrated that 

pelvic arterial insufficiency leads to bladder ischemia and oxidative stress linked to the 

upregulation of oxidative stress sensitive genes. In this context, a pro-oxidative 

environment provokes contraction of detrusor muscle and bladder overactivity, that 

decrease after administration of antioxidant therapy (Thurmond P et al., 2016; 

Andersson KE et al., 2017). The mechanism by which oxidative stress causes bladder 

dysfunction seems to be through sensitization of afferent pathways, as shown in animal 

models that had increased tachykinin-containing nerves and upregulation of neurokinin 

receptors (Nomiya M et al., 2015). It has been further attested that increasing age 

resulted in higher amounts of reactive oxygen species (ROS), superoxide (O2-) and 8-

hydroxydeoxyguanosine (8-OHdG) in the urothelium of mice (Andersson KE et al., 2015, 

2017). Nevertheless, in our study, ischemic patients presented minor urinary levels of 
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oxidative stress markers, most likely by means of abundant microvascular collateral 

pathways, thus being unable to fully replicate the above-mentioned animal models. 

Improvement of LUT perfusion and control of oxidative stress as therapeutic 

strategies may be expected to have beneficial effects on chronic ischemia-related 

bladder dysfunction. It has been suggested by basic studies that bladder dysfunction 

induced by prolonged ischemia will progress from DO/OAB to Detrusor Underactivity 

(DU)/Underactive Bladder (UAB) (figure 9). According to this theory, it seems possible 

that drugs with different mechanisms of action, that have been shown to be effective 

for treating LUTS, such as α1-blockers, phosphodiesterase type 5 (PDE5) inhibitors, free 

radical scavengers and β3-adrenergic receptor agonists, may not only have a role in 

protection against functional changes, but also prevent the decrease in bladder muscle 

contractility and the detrimental structural changes (Nomiya M et al., 2015; Andersson 

KE et al., 2017). Future clinical studies are necessary to demonstrate the validity of these 

effects in humans. 

 

 

Pitfalls and Technical Limitations  

 

Regarding the role of urinary neurotrophins as putative biomarkers, there are 

several unsolved questions and concerns. An essential point to consider is the source of 

urinary neurotrophins. It seems logical to assume that the bladder is the major source of 

urinary neurotrophins, as both urothelial and detrusor smooth muscle cells are able to 

synthesize and release them (Cruz CD et al., 2014; Kashyap MP et al., 2018). 

Neurotrophin overexpression in urothelium can be considered the proximate cause for 

the elevated levels of NGF and BDNF in urine of OAB patients, although those expressed 

in deeper tissue layers can also reach the urine via interstitial diffusion across the thin 

bladder wall (Kashyap MP et al., 2018; Coelho A et al., 2019). Exocytosis is the likely 

process for the secretion of neurotrophins from the urothelium, which is supported by 

its suppression into urine by botulinum toxin (Liu HT et al., 2009a). However, the site of 

action of neurotrophins is not limited to the site of expression, owing to its paracrine 

nature and their ability to diffuse in connective tissue for a distance of up to ∼3 mm 

(Kashyap MP et al., 2018).  
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Another source of urinary neurotrophins may be the circulating blood stream. It is 

now recognized that the serum contains neurotrophins, and in some pathologies, such 

as multiple sclerosis, fibromyalgia, and depression, variations in the serum 

concentration of NGF and BDNF have already been described (Cruz CD et al., 2014; 

Coelho A et al., 2019). Neurotrophins have a low molecular weight, circa 13 kDa. The 

molecular weight cut-off for kidney glomerular filtration is classically assumed to be 

around 30–50 kDa. Therefore, an intriguing possibility is that in cases of bladder 

dysfunction there may be an excessive amount of circulating neurotrophins that is 

removed by kidney filtration (Cruz CD et al., 2014). Accordingly, it has been recently 

reported that OAB patients, refractory to antimuscarinics (Liu HT et al., 2011b), and 

patients with BPS/IC (Liu HT and Kuo HC, 2012), have considerably higher amounts of 

NGF in serum.  

Measurement of neurotrophins in urine carries relevant limitations, as there is still 

a lack of a uniform protocol for urine collection and sampling, and standardized analysis 

kits. There is a lack of information on the stability of neurotrophin, and research 

protocols indicate that urine should be refrigerated immediately or frozen prior to 

performing assays (Pennycuff JF et al., 2017). Usually, urine samples were collected in 

sterile receptacles when patients experienced a comfortable desire to void, the samples 

were centrifuged, and the supernatant was collected and frozen at -80ºC. ELISA kits 

were used, according to manufacturer instructions, for the analysis. Nevertheless, this 

entire process lacks reproducibility, it is not easily translated to a clinical setting, and 

remains unclear whether the kits used were appropriate for measuring NGF and BDNF in 

human urine (Antunes-Lopes T et al., 2014).  

Until now, most studies reported results from the same kits (Emax, Promega, 

Madison, WI, USA). The antibodies that come within these kits have not specifically been 

developed or marketed for measurement in the urine and are only being used within a 

research domain. The technique uses a sandwich ELISA assay, using a polyclonal 

antibody to NGF/BDNF to initially coat a well, and after incubation with the patient 

sample, a second monoclonal antibody is then used to sandwich the molecule, between 

the two antibodies. A tertiary species-specific antibody is then used, which is conjugated 

with horseradish peroxidase, which is then incubated with a chromogen, to induce a 

colour change, the intensity of which is proportional to the concentration of the 
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substrate within the well (Antunes Lopes T et al., 2013). This entire process lacks 

reproducibility and is not easily translated to a clinical setting. Moreover, commercial 

kits also need improvements in terms of variability to reach the required values for 

clinical use.  

Recently, the Promega NGF Emax Immunoassay, to quantify NGF in urine, was 

withdrawn from the market, as it was suggested that it did not detect NGF in urine but 

other urinary components, such as immunoglobulin G, due to potential cross-reactivity 

of the anti-IgG detection antibody in sample containing human IgG (Gamper M et al., 

2017). With other NGF ELISA kits, urinary NGF concentrations were found to be bellow 

detection level for both OAB and healthy controls. Nevertheless, the authors do not 

question the important regulatory role of NGF in OAB. 

In almost all studies, urinary NGF and BDNF concentrations were normalized 

against creatinine concentration to avoid differences dependent on urinary osmolality. 

However, their diagnostic accuracy and reproducibility are debatable, as not all patients 

with symptomatic OAB disclosed raised urinary levels of NGF and BDNF, a fact that may 

indicate either technical defaults or different OAB phenotypes (Antunes-Lopes T et al., 

2013; Seth JH et al., 2013).  

Standardized cut-off values of urinary neurotrophins are not defined. In addition, 

urinary neurotrophins cannot distinguish OAB from other LUT disorders, as they can also 

be increased in the urine of patients with BPS/IC, urolithiasis, UTI and urothelial 

neoplasms, and of those with indwelling catheters or who perform clean intermittent 

self-catheterization (Antunes-Lopes T et al., 2014). Therefore, increased neurotrophin 

levels in urine will never be specific of OAB, albeit this is a minor drawback concerning 

their role as biomarkers. Actually, instead of diagnostic value, they might be useful to 

identify different OAB phenotypes, possibly selecting patients who can benefit from a 

neurotrophin target therapy (Antunes-Lopes et al., 2019). On the other hand, many 

other proteins are involved in the complex pathophysiology of OAB, as ATP, CGRP, 

substance P, and inflammatory markers, and the ideal urinary biomarker for any 

particular type of LUT dysfunction may be the presence of a combination of proteins, 

the levels of which may differ between conditions and patients (Seth JH et al., 2013).  

While the evidence for increased urinary NGF and BDNF in OAB appears 

convincing, many questions remain about their validity, reproducibility, and cost-
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effectiveness. Further studies, preferably multicentric, with larger samples and a 

placebo arm are warranted to standardize collection and storage of samples, analytic 

procedures and finally establish the real value of urinary neurotrophins as biomarkers of 

OAB. 
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In OAB, after an initial outbreak of research, it is more consensual that biomarkers 

may be better used to phenotype patients. The identification of distinct OAB 

phenotypes will help to elucidate different underlying mechanisms and 

pathophysiological cofactors, in order to select patients for specific target therapies, 

improving outcomes.  

In the last decade, neurotrophins have emerged as complex regulators of bladder 

sensory afferents plasticity and have been implicated in several types of bladder 

dysfunction, attracting considerable attention in the area of biomarker research, 

particularly in OAB. 

The body of work of this thesis focused on the investigation of urinary NGF and 

BDNF in healthy individuals of both sexes and in patients with idiopathic OAB. 

Furthermore, two little explored and unclear OAB etiologies/phenotypes were 

comprehensively investigated: women with stress urinary incontinence submitted to a 

midurethral sling surgery, and elderly men with chronic pelvic ischemia due to severe 

atherosclerotic aortoiliac disease. 

Based on the results presented in this thesis, the following conclusions can be 

drawn: 

 

Publication I 

• In healthy individuals of both genders, urinary NGF and BDNF levels are 

low and stable during the day, without a circadian variation, and remain 

steady at 3 months. It was the first study that systematically investigated 

the chronobiological variation of urinary neurotrophins in healthy 

individuals (controls). 

• In female OAB patients, urinary levels of NGF and BDNF are significantly 

higher than in healthy individuals, although a significant overlap between 

patients and controls occur. It was the first time that urinary BDNF was 

investigated as a putative biomarker of OAB. 
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• No differences were found in GDNF levels between OAB patients and 

controls. While NGF and BDNF modulate the peptidergic subpopulation 

of bladder afferents, GDNF affects the non-peptidergic subpopulation. 

Hence, we can hypothesize that OAB involves neurotrophin-induced 

sensitization of peptidergic bladder afferents. 

• Urinary NGF and BDNF levels normalized after lifestyle intervention and 

antimuscarinic treatment. The capacity of lifestyle intervention alone to 

influence urinary neurotrophins, particularly BDNF, was described here 

for the first time.  

• The reduction of urinary BDNF levels correlated with symptomatic 

improvement with treatment. 

• The findings above suggested BDNF as a new potential biomarker of 

OAB, and implicated neurotrophins in OAB pathogenesis with potential 

clinical relevance. 

 

Publication II 

• Urinary levels of NGF and BDNF are similar between SUI and healthy 

women, and significantly inferior to OAB wet patients.  

• In women with SUI, one year after a midurethral sling procedure, mean 

urinary levels of both neurotrophins significantly increase to values 

identical to those observed in OAB wet patients. 

• After a MUS procedure, women with de novo urgency have a 

significantly higher percentage variation of NGF than women without 

urgency, suggesting that urinary neurotrophins may promote 

sensitization and remodeling of bladder primary afferents, causing 

urgency in susceptible patients. 

 

Publication III 

• Chronic pelvic ischemia in elderly men with severe atherosclerotic 

aortoiliac disease is associated with more severe LUTS and bladder 
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neurogenic inflammation, as suggested by the increase of urinary NGF, 

promoting sensitization of bladder primary afferents.  

• These findings confirm the relevance of chronic pelvic ischemia in 

bladder function and partially validate animal models of bilateral iliac 

artery occlusion currently under use to investigate the 

pathophysiological mechanisms at stake. 

 

While the evidence for increased urinary NGF and BDNF in OAB appears 

convincing, many questions remain about their validity, reproducibility and cost 

effectiveness as biomarkers. 

A general take-home message of this thesis is that biomarker research should not 

be focused on OAB diagnosis, but rather be directed to phenotype OAB patients. Once 

we have identified distinct OAB phenotypes, we will be able to learn more about 

underlying mechanisms and pathophysiological cofactors, and to select patients for 

specific target therapies, with expected better outcomes. 
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