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Overactive bladder (OAB) is a condition of urinary urgency with
or without urge incontinence, and is usually accompanied by frequency
and nocturia. Urgency is the core symptom for OAB [1]. The degree of
urgency is usually measured subjectively using an urgency severity
scale [2]. However, the method of measuring urgency leads to a wide
variation in different grades of severity. Urgency-frequency symptoms
could be due to psychological factors, increased urine production, or
uninhibited urge because of central nervous lesions or detrusor
overactivity (DO) [3]. Urodynamics is a well-established method for
diagnosing DO. A better method to diagnose OAB and assess thera-
peutic outcome in patients with OAB needs to be found.

Diagnosis of OAB should exclude diseases such as neurogenic
lesions (cerebrovascular accident [CVA], spinal cord lesion, multiple
sclerosis) and local pathologies (bladder outlet obstruction, bladder
tumor, bladder inflammation) [1]. Recent investigations have proposed
that urothelial dysfunction, abnormal expression of sensory receptors,
abnormal function of suburothelial interstitial cells, and increased ex-
citability of detrusor muscles could be etiologies for OAB [4-6].

Antimuscarinic therapy is the first line treatment for OAB [7]. About
70% of patients with OAB can be well treated with antimuscarinics,
however, there is a certain percentage of patients whose OAB symp-
toms cannot be adequately relieved [8]. Many novel treatment modali-
ties have been discovered in recent years, such as intravesical instilla-
tion of vanilloids and intravesical injection of botulinum toxin [9]. These
therapies treat OAB locally at the urinary bladder level. However, symp-
toms usually recur after a period of therapeutic effect. Furthermore,
OAB symptoms fluctuate with time. Many patients have symptoms which
wax and wane. Patients with OAB often have several co-morbidities
such as diabetes, congestive heart failure, and depression [10]. These
conditions may exacerbate the severity of OAB. It is possible that some
unknown circulating factors might affect bladder function and cause
OAB symptoms.

Nerve growth factor (NGF) is produced from the urothelium and
bladder muscles. Patients with idiopathic DO (IDO), neurogenic blad-
der or inflammatory bladder diseases such as in interstitial cystitis were
reported to have increased urinary and bladder NGF levels [11,12]. In
the diagnosis of patients with urgency frequency symptoms, determi-
nation of the NGF level in a urine sample may allow a more objective
diagnosis than one based on subjective symptoms alone [13,14]. NGF
is responsible for the growth and maintenance of sensory neurons and
appears to have a role in neuroimmune interactions, in tissue inflamma-
tion, and in neuroplasticity for neuronal events leading to OAB [15].
Increased NGF in urine can induce hyperactivity of the urinary bladder
in rats [16]. Infusion of NGF into the bladder can induce a nociceptive
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fos expression and increased calcitonin gene-related peptide-immu-
noreactivity (CGRP-IR) in the spinal cord in response to a bladder stimu-
lus [17].

Arise in bladder NGF in the muscle or urothelium initiates signals
that are transported along the afferent nerves of the bladder to the
dorsal root ganglion or spinal cord. Sensitization of sensory pathways
by viral vectors encoding NGF contributes to the development of hy-
persensitivity in neighboring organs and cutaneous referred sites [18].
Inflammation increases NGF and transient receptor potential vanilloid
receptor subfamily-1 (TRPV1) expression and the increased TRPV1
expression within trk-A positive neurons is prevented by anti-NGF treat-
ment [19]. Although the NGF in bladder tissue was not found to be
significantly associated with IDO [20], patients with neruogenic detru-
sor overactivity (NDO) who were successfully treated with detrusor
BoNT-A injections had a reduced NGF bladder tissue level as well as
decreased levels of sensory purinergic receptors P2Xs and TRPV1 [5,
21]. This evidence suggests that NGF is associated with activation of
sensory receptors which leads to OAB symptoms. Urinary NGF levels
are elevated both in IDO and NDO and have a similar trend after
treatment, suggesting NGF production is involved in a common path-
way in the pathogenesis of DO.

Previous studies have found increased NGF mRNA production in
OAB bladders [20]. Urinary NGF levels were also found to elevate sig-
nificantly in 70% of patients with OAB [14]. In patients with CVA, the
urinary NGF levels increase in accordance with the severity of neuro-
logical impairment [22]. Serum NGF levels are also found to increase
in some patients with CVA and urinary incontinence [23]. The plasticity
of bladder afferents after CVA might be due to increased circulating
NGF levels after stroke. In addition, NGF is involved in the develop-
ment and maintenance of specific peripheral and central populations
of neuronal cells. NGF may operate through multiple pathways to ulti-
mately regulate physiological homeostasis and behavioral coping [24].
Increased plasma NGF levels have been found in vernal keratoconjunc-
tivitis, allergic diseases and asthma [25]. Increased serum NGF levels
might reduce the excitatory threshold of the bladder to dorsal root
ganglia, resulting in increased mechanosensitivity of the bladder wall.
Put together, it is possible that circulating serum NGF elevates with
changes in systemic conditions. Increased bladder NGF levels have
been demonstrated to potentiate the expression of TRPV1 in rats. El-
evated circulating NGF might act on the bladder and cause an in-
creased excitability or susceptibility of sensory receptors such as P2Xs
and TRPV1 through intrinsic enhancement [26]. Therefore, the blad-
der becomes more excitable and urgency with or without urge inconti-
nence ensues.



Therefore, we hypothesize that OAB refractory to antimuscarinics

might have a systemic pathogenesis. Investigation of serum NGF levels,
urinary NGF levels and bladder NGF mRNA levels in patients with OAB
before and after antimuscarinic therapy might clarify whether OAB re-
fractory to antimuscarinic therapy is a systemic disease. Although pa-
tients with OAB can be treated with antimuscarinics, their OAB symp-
toms might not be completely eliminated if the underlying factors are
not resolved. Circulating serum NGF can be a consequence of sys-
temic disease or a local lesion, and the effect of serum NGF on blad-
der function can only be eliminated when these diseases have been
cured.
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