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ABSTRACT

Lower urinary tract symptoms (LUTS) are highly prevalent in the aging population, particularly
in men. Historically, prostate enlargement was thought to be responsible for most cases

of male LUTS. Several risk factors for the development of benign prostate enlargement/
hyperplasia (BPE/BPH) have been identified, including age, genetics, hormones, growth factors,
inflammation, and lifestyle factors. However, as our knowledge continues to evolve, male LUTS
are no longer managed entirely in a prostate-centric fashion. In this article, we review current
concepts in the epidemiology, etiology, and pathophysiology of BPE/BPH and male LUTS.
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INTRODUCTION

ower urinary tract symptoms (LUTS) represent one of the

most common and bothersome conditions seen in daily uro-
logic practice, affecting at least one in every four men older
than 40 years [1]. LUTS include a range of storage (irritative),
voiding (obstructive), and postmicturition symptoms, have a
negative impact on health-related quality of life (QoL) and are
associated with high personal and societal costs [2,3]. Although
structural anomalies, neurological disease, vesicogenic condi-
tions, and infections can play roles, benign prostate enlargement/
hyperplasia (BPE/BPH) is still by far the most influential factor
leading to male LUTS [4]. In this article, we review current
concepts in the epidemiology, etiology, and pathophysiology of
LUTS and BPE/BPH.

PATHOPHYSIOLOGY OF MALE LOWER URINARY
TRACT SYMPTOMS

The pathophysiology of LUTS could include bladder
dysfunction (including bladder hypersensitivity, detrusor overac-
tivity [DOY), bladder outlet obstruction (BOO), (including bladder
neck dysfunction, prostatic obstruction, urethral stricture, poorly
relaxed urethral sphincter, urethral sphincter dyssynergia), or a
combination of these etiologies [5]. Many men have both storage
and voiding symptoms. In men, empty symptoms are more
common, but storage symptoms are encountered frequently [6].
The frequent comorbidity with prostatic diseases in men adds
complexity to the diagnosis and management of male LUTS.

Epidemiology

Benign prostate hyperplasia (BPH) per se is rather a histologic
diagnosis describing a hyperproliferative process of epithelial and
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stromal cells in the transition zone of the prostate [7]. It may not
be of much clinical significance unless it is an imaging-proven
benign prostate enlargement resulting in BOO and associated
with bothersome LUTS [8]. The prevalence of BPE/BPH and
LUTS rises markedly with aging. It is estimated that nearly 50%
of all men at the age of 60 have histological BPH, and by 80 the
prevalence approaches 90% [9]. Moderate to severe LUTS were
reported by 26% of men 40-49-year-old and almost doubled in
those 70-year-old or older [10]. There is a subtle ethnic difference
in the prevalence of LUTS on a global scale [2,9,11].

BPE/BPH-related LUTS are rarely life-threatening, yet its
impact on QoL can be significant and should not be under-
estimated in an aging population [12]. Apart from physical
functioning, LUTS may also have a detrimental effect on
mental health and social economy. In men with severe LUTS,
the annual risk of having at least one fall increased by 33%
compared with men who had mild symptoms [2]. Falls in the
elderly are a major concern and can result in pain, fracture, dis-
ability, and sometimes mortality [13]. The severity of LUTS is
also strongly correlated with anxiety, depression, insomnia, and
sexual dysfunction [2,11]. With billions of dollars already spent
directly each year in the treatment of LUTS and urinary obstruc-
tion, more ancillary health-care expenditures can be expected,
especially in an era of rapidly increasing male longevity [13,14].
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LUTS in bladder outlet obstruction

BOO is an urodynamic condition implying voiding with high
pressure and/or a low-flow rate. The patient develops LUTS when
BOO has developed to a considerable degree. BOO can occur in
men and women, in adults and children, and in anatomical and
neurogenic conditions. In a study, investigating men without BOO
and LUTS, the maximum flow rate (Qmax) reached 20 mL/s with
a mean voided volume of 290 mL [15]. One-third of men with
LUTS do not have BOO. Many clinical studies have demonstrated
that LUTS have a poor diagnostic specificity for BOO and the
symptoms of 5%-35% of patients with BPH and LUTS did not
improve after transurethral resection of the prostate (TURP) [16].
The prostate size and uroflowmetry have better correlation with
urodynamic study than symptoms alone.

Clinical BPH is defined as having at least two of the following:
(1) moderate to severe LUTS (international prostate symptom
score >8), (2) an enlarged prostate (total prostatic volume [TPV]
>30 mL), and (3) decreased Qmax (<15 mL/s) [17]. Although
an enlarged prostate might not indicate the presence of BOO, the
mean TPV in patients with BOO is significantly higher than that
in patients without BOO [18]. In addition, patients with LUTS
suggestive of BPH and a Qmax of <10 mL/s have more improve-
ment in Qmax after TURP than those with a Qmax of >10 mL/s.
Patients without evidence of BOO preoperatively also have a poor
prognosis after TURP [19]. Patients with postoperative LUTS
were found to have a small TPV at the time of surgery, suggesting
a non-BPH etiology might account for their LUTS [20]. Therefore,
a diagnosis of clinical BPH should be made carefully, especially
when an invasive procedure such as TURP is contemplated.

ETIOLOGY OF MALE LOWER URINARY TRACT
SYMPTOMS/BENIGN PROSTATE HYPERPLASIA

The precise molecular etiology of BPE/BPH is complicated
and poorly understood, although several risk factors for the
development of BPE/BPH and LUTS have been identified.
These include age, genetics, hormones, growth factors, inflam-
mation, and lifestyle factors.

Age and genetics

Age itself is the major risk factor for BPE/BPH and LUTS.
The aging process involves changes in cellular mitogenesis
and hormonal homeostasis in the prostate gland, which later
proceed to chromosomal aberration and apoptosis [21]. Aging
is also associated with inflammation and microvascular disease,
which provoke ischemia and oxidative stress, providing a
favorable environment for BPH [22]. A genetic link for clini-
cal BPH in men younger than 60 years has been studied over
the past few years. Evidence suggests that it is an inheritable
disease, possibly in an autosomal dominant fashion. Moreover,
the genetic factor is said to account for a 72% increased risk in
developing moderate or severe LUTS in elderly men [13].

Hormones

Sex steroid hormones have been affirmatively linked with
the development and maintenance of BPE/BPH. Androgen is
perhaps the most extensively studied hormone of all. In the pros-
tate, testosterone is converted to dihydrotestosterone (DHT) by
type II 5o reductase through DHT/androgen receptor signaling
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and may influence cell proliferation, differentiation, morphogen-
esis, and functional maintenance [23]. The use of 50 reductase
inhibitors in a clinical setting was found to decrease serum con-
centrations of DHT and slow progression of clinical BPH [13].
Although not yet conclusive, estrogens (both endogenous and
exogenous) and selective estrogen receptor modulators may have
a role in regulating stromal-epithelial interactions involved in
prostatic cellular growth [24]. To date, there is no clear and con-
sistent link between other sex steroid hormones and BPE/BPH.

Growth factors

Several growth factors and their corresponding receptors have
been identified in prostatic epithelium and stroma, which can stim-
ulate or inhibit cell division and differentiation processes. These
include epidermal growth factor, fibroblast growth factor, and
transforming growth factor-, but this list is by no means exhaus-
tive. Activation of these growth factors alone or in combination
can induce stromal cell growth, followed by significant tissue
remodeling, which is responsible for prostate enlargement [25].

Inflammation

There is a growing body of evidence that suggests that
inflammation is closely linked to the development of BPE/
BPH and LUTS. From a histological point of view, inflamma-
tory infiltrates are the most prevalent feature coexisting with
BPH, and the degree of inflammation is correlated with pros-
tate volume and weight [26]. From an immunological point
of view, inflammation may activate the release of cytokines
and raise the concentration of growth factors, resulting in an
abnormal proliferation of prostatic cells [27]. From a serologi-
cal point of view, an increased level of C-reactive protein has
been observed in men with LUTS, which is likely indicative
of systemic inflammation [13].

Metabolic syndrome, lifestyle factors, and obesity

In a recent systematic review of metabolic syndrome (MetS)
and BPE/BPH focusing on subsets of MetS and their relation-
ship with the TPV and LUTS, it was reported that the TPV
was significantly larger in men with MetS than those without.
Furthermore, the differences in TPV were significantly higher
in obese participants and those with low serum high-density
lipoprotein cholesterol levels. Interestingly, in contrast to other
studies, there were no differences in LUTS symptom scores
between men with and without MetS [28]. Heavy smoking, low
physical activity, and high protein intake can also substantially
alter the risks of symptomatic BPH and LUTS [29].

PATHOPHYSIOLOGY OF BENIGN PROSTATE
ENLARGEMENT/HYPERPLASIA

The hyperplastic process in the prostate begins in the
periurethral region, namely, the transition zone. As discussed
earlier, this process is influenced by multiple factors, leading
to an increase in the cell number and size through epithelial
and stromal proliferation or apoptosis. As enlargement takes
place, prostatic intrusion into the urethral lumen or bladder neck
can considerably change bladder outlet resistance by causing
mechanical obstruction. Despite the fact that the size of the
prostate does not correlate closely with symptoms, the larger the
size, the greater the likelihood of future clinical deterioration.
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The prostatic capsule is another key to the development of
LUTS by transmitting the pressure of tissue expansion to the
urethra and increasing urethral resistance [30]. Growing evidence
has shown that, just as in BOO secondary to BPE/BPH, these
anatomical and functional changes may, in turn, induce significant
alterations in the morphology and physiology of the urothelium
and detrusor muscles, which lead to bothersome LUTS [31].

Despite significant success in the use of alpha-blockers and 5
alpha-reductase inhibitors in reducing the risk of LUTS progression,
20% of men with BPE/BPH will still experience prostate-related
urinary retention and may require surgery within 1 year after drug
initiation [32]. Knowledge about why cellular and molecular dif-
ferences in BPE/BPH progression lead to profound symptoms in
some but not all men remains unclear. In recent years, several bio-
markers have been proposed that might be useful in identifying
those whose disease is more likely to progress than others and in
stratifying individuals into subpopulations for therapeutic purposes.

Prostatic-specific antigen (PSA) and its isoforms have been
examined. Studies have demonstrated that there is a strong cor-
relation between the prostate volume and PSA level, implying
serum PSA could be used as a biomarker for BPE/BPH pro-
gression in the absence of prostate malignancy. It was also
concluded that symptomatic men with a PSA >1.5 ng/mL are
at higher risk for developing significant progressive BPH in
the long run [33]. PSA isoforms, on the other hand, provide
minimal information in the clinical setting [34].

As the technology for gene-expression profiling has
continued to advance, DNA microarrays have been employed
to identify a set of genes that could potentially differentiate
symptomatic BPH, asymptomatic BPH, and prostate cancer.
One example is JM-27, an androgen-regulated gene, which is
located on the X-chromosome and encodes proteins belong-
ing to a family of MAGE/GAGE [35]. It was dramatically
up-regulated in diseased prostatic tissue [36]. It was found that
the serum level of JM-27 can separate patients with aggres-
sive BPH from the asymptomatic population with a sensitivity
of 90% and a specificity of 77% [37]. Research on other bio-
markers such as P25/26, nucleotide polymorphisms, inhibitors
of androgen receptors and others have been undertaken, and
may perhaps offer early BPE/BPH detection and monitoring of
disease progression and therapeutic response in the near future.

LUTS in non-BPH conditions
Bladder hypersensitivity

Sensory urgency may be the presenting symptom in the
patients with DO, poor relaxation of the urethral sphincter,
interstitial cystitis, BOO, or neurogenic voiding dysfunction.
Recent investigations found the urothelial release of neurotrans-
mitters such as acetylcholine, adenosine triphosphate, and the
neuropeptide substance P, and the increased expression of the
transient potential receptor vanilloid receptor subfamily and
purinergic receptor P2X3 indicate that the urothelium plays an
important role in the transduction of bladder sensation [38,39].
Adenosine triphosphate production increases with aging. These
physiological changes in elderly men indicate that bladder
hypersensitivity and overactive bladder (OAB) are responsible
for DO and inadequate contractility in elderly men [40].

Polyuria

A number of patients have a large daily urine output
(>2800 mL). Patients may have polydipsia and high water
intake, and therefore, they have a frequency with a voided
volume >350 mL and are likely physiologically normal [41].
The metabolic status of these patients should be checked with
evaluations of diuretic intake and conditions such as diabetes,
azotemia, hyperlipidemia, and sleep apnea syndrome.

Psychological factors

Psychological, social, and psychiatric factors might also cause
frequency in male patients. These patients may have high levels of
distress and anxiety. The symptoms may worsen in relation to work
or stress and several diseases such as uremia, infection, or cancer.

Urothelial dysfunction

Sensory urgency might be a micromotor urgency due to
micromotion of the detrusor during rapid bladder filling such as
in diuresis. Patients may have severe urgency when their bladder
volume is small. This condition might be the cause of urothelial
dysfunction such as in trigonal mucosal dysfunction. Increased
nerve growth factor levels have been found in bladder biopsies
of patients with sensory urgency, chronic cystitis, and interstitial
cystitis compared with levels in controls [42]. Intravesical ona-
botulinumtoxinA has been found to decrease symptoms of OAB
and interstitial cystitis. The production of nerve growth factor
was reduced after onabotulinumtoxinA treatment in patients
with neurogenic or idiopathic DO [43].

Overactive bladder

DO can be due to idiopathic reasons, myogenic overactivity,
poor cortical perfusion, postobstructive DO, the aging process, or
detrusor hyperactivity with impaired contractility (DHIC). In men
with LUTS, BOO should be excluded first. Patients with benign
prostatic obstruction (BPO) but without OAB symptoms might
develop de novo OAB after TURP, suggesting the destruction of
the trigone mucosa might result in OAB [44]. Treatment of patients
with BPH with BOO and OAB should include agents relieving
the urethral resistance and antimuscarinics as well when OAB
symptoms cannot be resolved after treating with an alpha-blocker
alone or combined with a 5 alpha-reductase inhibitor.

Nocturia and nocturnal polyuria

Nocturia is the third most bothersome LUTS. The prevalence of
nocturia increases to 80% in patients over 80-year-old. It is one of
the most common causes of a disturbed sleep pattern in the elderly.
The causes of nocturia include DO, a hypersensitive bladder, BOO,
nocturnal polyuria, or a small bladder capacity. When the noctur-
nal urine volume >900 mL or more than 35% of the daily voided
volume, nocturnal polyuria is likely. Lack of diurnal desmopressin
rhythm can be the cause of nocturnal polyuria and can be treated
with exogenous desmopressin [15]. For patients with combined
nocturnal polyuria and BOO or OAB, combined multiple medica-
tions are necessary to relieve the complex male LUTS.

Poor relaxation of the urethral sphincter

Among the various causes of non-BOO male LUTS,
poor relaxation of the urethral sphincter is most frequently
encountered [15]. Patients might have symptoms of hesitancy,
intermittency, small caliber urine, or postvoid dribble. Some
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patients might also have storage symptoms such as urgency
or frequency. Learned habits, chronic prostatitis, pelvic floor
hypertonicity, occult neuropathy, or increased bladder sensi-
tivity have been postulated to lead to poor relaxation of the
urethral sphincter. These voiding symptoms might have a great
impact on QoL, especially in young men.

Pain symptoms

Several bladder or bladder outlet conditions can cause pain
in men. Interstitial cystitis, BOO, a poorly compliant bladder,
and transitional cell carcinoma can cause a painful bladder.
Urinary tract infection, urethral stricture, BPO, and chronic
prostatitis can cause a painful urethra. Treatment of pain symp-
toms in men is not easy and should be based on the exact
diagnosis of the pain.

Transitional cell carcinoma of the bladder usually mimics
interstitial cystitis in men with LUTS and painful bladder syn-
drome. Urine cytology and repeat random bladder biopsy are
necessary to find early bladder carcinoma.

Postprostatectomy male lower urinary tract symptoms

Over half of patients with postprostatectomy LUTS had
a small total prostate volume and resected adenoma weight,
indicating their LUTS were non-BPH or non-BOO conditions
before TURP [20]. Detailed cystoscopy and video urodynamic
study are necessary for these patients especially when they
are diagnosed with residual BPH or BOO and are planning to
undergo repeat transurethral surgery. DHIC, bladder hypersen-
sitivity, or OAB can also cause male LUTS in the presence of
a small BPH.

Other conditions

Urethral sphincter pseudodyssynergia in patients with chronic
stroke, intracranial lesions, Parkinson’s disease, and spondylolis-
thesis can cause severe empty symptoms or storage symptoms
in elderly men [45]. These patients might have BPH, but the
LUTS are caused by conditions other than BPH. Urethral stric-
ture or urethral meatal stenosis can also cause BOO and LUTS,
especially in patients who have had transurethral procedures.

CONCLUSIONS

LUTS in men can be caused by both bladder and bladder
outlet dysfunctions occurring alone or in combination. The pre-
senting symptoms in male LUTS are similar in patients with
and without BPO. LUTS are not useful for the differential
diagnosis of BPO and non-BPO in men. Accurate diagnosis of
lower urinary tract dysfunction should be based on a compre-
hensive urodynamic study, which will enable correct selection
of therapy aimed at the underlying pathophysiology.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Robertson C, Link CL, Onel E, Mazzetta C, Keech M, Hobbs R, et al.
The impact of lower urinary tract symptoms and comorbidities on quality
of life: The BACH and UREPIK studies. BJU Int 2007;99:347-54.

82

20.

21.

22.

Speakman M, Kirby R, Doyle S, Ioannou C. Burden of male lower
urinary tract symptoms (LUTS) suggestive of benign prostatic
hyperplasia (BPH)-focus on the UK. BJU Int 2015;115:508-19.

Gratzke C, Bachmann A, Descazeaud A, Drake MIJ, Madersbacher S,
Mamoulakis C, et al. EAU guidelines on the assessment of non-neurogenic
male lower urinary tract symptoms including benign prostatic obstruction.
Eur Urol 2015;67:1099-109.

Lee CL, Kuo HC. Videourodynamic analysis in men with lower urinary
tract symptoms: Correlation between age and prostate size with lower
urinary tract dysfunction. Urol Sci 2016;27:21-5.

Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, et al. The
standardisation of terminology of lower urinary tract function: Report from
the Standardisation Sub-committee of the International Continence Society.
Neurourol Urodyn 2002;21:167-78.

Kuo HC. Prevalence of lower urinary tract symptoms
aborigines and non-aborigines in eastern Taiwan. J Formos Med Assoc
2008;107:728-35.

Prajapati A, Gupta S, Mistry B, Gupta S. Prostate stem cells in the

in male

development of benign prostate hyperplasia and prostate cancer:
Emerging role and concepts. Biomed Res Int 2013;2013:107954.

Warren K, Burden H, Abrams P. Lower urinary tract symptom: Still too
much focus on the prostate? Curr Opin Urol 2014;24:3-9.

Li MK, Garcia L, Patron N, Moh LC, Sundram M, Leungwattanakij S,
et al. An Asian multinational prospective observational registry of patients
with benign prostatic hyperplasia, with a focus on comorbidities, lower
urinary tract symptoms and sexual function. BJU Int 2008;101:197-202.
Fitzpatrick JM. The natural history of benign prostatic hyperplasia. BJU
Int 2006;97 (Suppl 2):3S-6S.

Fukuta F, Masumori N, Mori M, Tsukamoto T. Natural history of lower
urinary tract symptoms in Japanese men from a 15-year longitudinal
community-based study. BJU Int 2012;110:1023-9.

Schulman CC, Asplund R, Desgrandchamps F, Jonas U. The impact of
nocturia on health status and quality of life in patients with lower urinary
tract symptoms suggestive of benign prostatic hyperplasia (LUTS/BPH).
Eur Urol Suppl 2005;4:1-8.

Parsons JK. Benign prostatic hyperplasia and male lower urinary tract
symptoms: Epidemiology and risk factors. Curr Bladder Dysfunct Rep
2010;5:212-8.

Bechis SK, Otsetov AG, Ge R, Olumi AF. Personalized medicine for the
management of benign prostatic hyperplasia. J Urol 2014;192:16-23.

Kuo HC. Pathophysiology of lower urinary tract symptoms in aged men
without bladder outlet obstruction. Urol Int 2000;64:86-92.

Neal DE, Ramsden PD, Sharples L, Smith A, Powell PH, Styles RA,
et al. Outcome of elective prostatectomy. BMJ 1989;299:762-7.
McConnell JD, Roehrborn CG, Bautista OM, Andriole GL Jr., Dixon
CM, Kusek JW, et al. The long-term effect of doxazosin, finasteride,
and combination therapy on the clinical progression of benign prostatic
hyperplasia. N Engl ] Med 2003;349:2387-98.

Chen JL, Kuo HC. Implications of prostatic volume measurements on
the degree of bladder outlet obstruction in men with benign prostatic
hyperplasia and lower urinary tract symptoms. JUTA 2006;17:41-7.

Kuo HC, Tsai TC. Assessment of prostatic obstruction and bladder
function by urodynamic pressure flow study. Taiwan Yi Xue Hui Za Zhi
1987;86:1084-92.

Kuo HC. Analysis of the pathophysiology of lower urinary tract
symptoms in patients after prostatectomy. Urol Int 2002;68:99-104.

Altok M, Bagci O, Umul M, Giines M, Akyiiz M, Urug F, et al.
Chromosomal aberrations in benign prostatic hyperplasia patients.
Investig Clin Urol 2016;57:45-9.

Chughtai B, Lee R, Te A, Kaplan S. Role of inflammation in benign
prostatic hyperplasia. Rev Urol 2011;13:147-50.

Wen S, Chang HC, Tian J, Shang Z, Niu Y, Chang C. Stromal androgen
receptor roles in the development of normal prostate, benign prostate



Lee and Kuo / Tzu Chi Medical Journal 2017; 29(2): 79-83

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

hyperplasia, and prostate cancer. Am J Pathol 2015;185:293-301.
Nicholson TM, Ricke WA. Androgens and estrogens in benign prostatic
hyperplasia: Past, present and future. Differentiation 2011;82:184-99.
Hennenberg M, Schreiber A, Ciotkowska A, Rutz B, Waidelich R,
Strittmatter F, et al. Cooperative effects of EGF, FGF, and TGF-81 in
prostate stromal cells are different from responses to single growth factors.
Life Sci 2015;123:18-24.

Bostanci Y, Kazzazi A, Momtahen S, Laze J, Djavan B. Correlation
between benign prostatic hyperplasia and inflammation. Curr Opin Urol
2013;23:5-10.

Gandaglia G, Briganti A, Gontero P, Mondaini N, Novara G, Salonia
A, et al. The role of chronic prostatic inflammation in the pathogenesis
and progression of benign prostatic hyperplasia (BPH). BJU Int
2013;112:432-41.

Gacci M, Corona G, Vignozzi L, Salvi M, Serni S, De Nunzio C, et al.
Metabolic syndrome and benign prostatic enlargement: A systematic
review and meta-analysis. BJU Int 2015;115:24-31.

Choo MS, Han JH, Shin TY, Ko K, Lee WK, Cho ST, et al. Alcohol,
smoking, physical activity, protein, and lower urinary tract symptoms:
Prospective longitudinal cohort. Int Neurourol J 2015;19:197-206.
Roehrborn CG. Pathology of benign prostatic hyperplasia. Int J Impot
Res 2008;20 (Suppl 3):11S-8S.

Kim JC. Underlying mechanisms of detrusor overactivity following
bladder outlet obstruction. LUTS 2009;1:15-7.

Fenter TC, Naslund MJ, Shah MB, Eaddy MT, Black L. The cost of
treating the 10 most prevalent diseases in men 50 years of age or older.
Am J Manag Care 2006;12 (4 Suppl):90S-8S.

Bartsch G, Fitzpatrick JM, Schalken JA, Nordling J,
Roehrborn CG. Consensus statement: The role of prostate-specific antigen
in managing the patient with benign prostatic hyperplasia. BJU Int
200493 (Suppl 1):27S-9S.

Cannon GW, Getzenberg RH. Biomarkers for benign prostatic hyperplasia
progression. Curr Urol Rep 2008;9:279-83.

Prakash K, Pirozzi G, Elashoff M, Munger W, Waga I, Dhir R, et al.
Symptomatic and asymptomatic benign prostatic hyperplasia: Molecular

Isaacs J,

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

differentiation by using microarrays. Proc Natl Acad Sci U S A
2002;99:7598-603.

Shah US, Arlotti J, Dhir R, Lu S, Pirozzi G, Prakash K, et al. Androgen
regulation of JM-27 is associated with the diseased prostate. J Androl
2004;25:618-24.

Cannon GW, Mullins C, Lucia MS, Hayward SW, Lin V, Liu BC, et al.
A preliminary study of JM-27: A serum marker that can specifically
identify men with symptomatic benign prostatic hyperplasia. J Urol
2007;177:610-4.

Sun Y, Chai TC. Up-regulation of P2X3 receptor during stretch of
bladder urothelial cells from patients with interstitial cystitis. J Urol
2004;171:448-52.

Apostolidis A, Brady CM, Yiangou Y, Davis J, Fowler CJ, Anand P.
Capsaicin receptor TRPV1 in urothelium of neurogenic human bladders
and effect of intravesical resiniferatoxin. Urology 2005;65:400-5.

Yoshida M, Miyamae K, Iwashita H, Otani M,
Management of detrusor dysfunction in the elderly: Changes in
acetylcholine and adenosine triphosphate release during aging. Urology
2004;63 (3 Suppl 1):17S-23S.

Weiss JP, Blaivas JG, Stember DS, Brooks MM. Nocturia in adults:
Etiology and classification. Neurourol Urodyn 1998;17:467-72.

Lowe EM, Anand P, Terenghi G, Williams-Chestnut RE, Sinicropi DV,
Osborne JL. Increased nerve growth factor levels in the urinary bladder
of women with idiopathic sensory urgency and interstitial cystitis. Br J
Urol 1997;79:572-7.

Liu HT, Kuo HC. Intravesical botulinum toxin A injections plus

Inadome A.

hydrodistension can reduce nerve growth factor production and control
bladder pain in interstitial cystitis. Urology 2007;70:463-8.

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

Ahlberg J, Edlund C, Wikkelsé C, Rosengren L, Fall M. Neurological
signs are common in patients with urodynamically verified “idiopathic”
bladder overactivity. Neurourol Urodyn 2002;21:65-70.

83



