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Abstract

Introduction and hypothesis Overactive bladder (OAB) has
a multifactorial aetiology, and for some women symptoms
may be associated with chronic urothelial inflammation
secondary to bacterial colonisation. One marker of such
inflammation may be urinary nerve growth factor (NGF).
We hypothesised that for women with OAB and urothelial
inflammation, urinary NGF would be reduced following
antibiotic therapy.

Methods Women with overactive bladder and urodynamic
diagnosis of detrusor overactivity who were refractory to
anticholinergics, and had histological evidence of urothelial
inflammation were treated with a 6-week course of rotating
antibiotics. Urinary NGF was measured by ELISA before
and after treatment. Three-day bladder diaries, the Patients’
Perception of Intensity of Urgency Scale, the King’s Health
Questionnaire and the Patients’ Perception of Bladder
Condition questionnaire were used to assess subjective and
objective outcomes of therapy.

Results Thirty-nine women with refractory DO were
recruited. The NGF levels decreased significantly after an-
tibiotic therapy (Wilcoxon signed rank test; p=0.015). There
were significant improvements in daytime frequency,
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nocturia and urgency (p<0.05), and 74 % of women
reported improvement in perception of their bladder
condition.

Conclusions Urinary NGF is responsive to antibiotic thera-
py. Women with refractory overactive bladder and elevated
NGF may benefit from antibiotic treatment.

Keywords Antibiotics - Refractory detrusor overactivity -
Infection - Nerve growth factor - Overactive bladder

Introduction

Nerve growth factor (NGF) is a neurotrophic factor released
by the urothelium and smooth muscle of the bladder [1].
Animal studies have demonstrated a direct link between
increased levels of NGF in bladder tissue and bladder func-
tion [1]. Intravesical and intramural infusion of NGF have
been shown to produce bladder overactivity [2, 3].
Experimentally induced inflammation in animal models
has been shown to result in increased NGF levels [4].

These experimental data have been explored in human
studies, with increased levels of urinary NGF reported in
patients with an overactive bladder (OAB) [5], detrusor
overactivity (DO) and interstitial cystitis [6]. NGF levels
have also been found to decrease after successful antimus-
carinic treatment for OAB [6, 7]. In the light of these data
some authors have suggested that NGF level could be con-
sidered a biomarker for OAB, as well as an assessment of
therapeutic outcome in patients with OAB or DO [6].
Interestingly, NGF levels are higher in OAB patients who
do not respond to antimuscarinics, but the reasons for this
are unknown [8].

Patients with DO may present with symptoms of OAB
such as urgency, urgency urinary incontinence, frequency,
and nocturia. Detrusor overactivity is a chronic condition
that has a negative impact on life [9] and recent studies have
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shown that up to 88 % of women with idiopathic DO have
persistent symptoms at long-term follow-up [10]. However,
there is no consensus on the definition of refractory overac-
tive bladder or refractory DO. In general, patients who have
not responded to first-line management therapies such as
behavioural modification, bladder retraining and antimus-
carinic therapy are considered to have refractory overactive
bladder.

Overactive bladder and detrusor overactivity have a mul-
tifactorial aetiology [11]. An interesting hypothesis has re-
cently emerged linking OAB symptoms and sub-clinical
infection. A subset of women with OAB have persistent
pyuria and low count bacteriuria [12, 13]. Underlying un-
treated infection could therefore be one of the causes of
increased NGF levels in women with refractory OAB
symptoms.

Therefore, the objective of the present study was to assess
change in urinary NGF levels following antibiotic treatment
and measure concomitant changes in objective and subjec-
tive symptom severity in women with refractory OAB
symptoms.

Materials and methods

Women were recruited from a tertiary urogynaecology re-
ferral centre following ethical approval (REC reference
number: 11/L0O/1029) into this prospective six-week cohort
study.

Inclusion and exclusion criteria

Adult women with overactive symptoms, and with an uro-
dynamic diagnosis of detrusor overactivity, who had failed
to respond to a combination of lifestyle adaptations, bladder
retraining and antimuscarinics were included in the study.
None of the women were on antimuscarinics during the
study period, but they had each previously had a minimum
12-week trial, including at least two antimuscarinics.

Women were excluded if they had a history of neurolog-
ical dysfunction, bladder pain, bladder cancer, bladder or
renal calculi, previous continence surgery, presence of void-
ing dysfunction, vaginal prolapse beyond the vaginal introi-
tus, urinary tract infection by conventional microbiological
criteria (colony count >10 °) or history of allergic reaction or
side effects to more than one antibiotic of choice.

Study design
Study participants were seen prior to and 6 weeks following
antibiotic treatment. A clean catch midstream specimen of

urine (MSU) was collected at full bladder at baseline and
after 6 weeks of antibiotic treatment to measure the urinary
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NGF levels. Assessment of symptom improvement was
done using validated questionnaires at baseline and 6 weeks
after treatment. To establish normative ranges MSU samples
were also obtained from asymptomatic subjects who did not
suffer with overactive bladder symptoms.

Treatment

Participants were treated with a 6-week course of rotational
antibiotics. Patients’ previous sensitivities to proven urinary
tract infection and drug allergies were taken into consider-
ation prior to treatment. Three consecutive antibiotics were
given for 2 weeks each: ciprofloxacin (1 g orally in two
divided doses) to cover Gram-positive and Gram-negative
organisms, doxycycline (200 mg orally in two divided
doses) to cover chlamydia and atypical organisms like
Mycoplasma hominis and Ureaplasma urealyticum and
cephalexin (1,500 mg orally in three divided doses) or co-
amoxiclav (1,875 mg orally in three divided doses) to cover
Gram-positive and Gram-negative urinary pathogens.

Methods of assessment

Objective and subjective assessments were performed at
baseline and after 6 weeks of antibiotic therapy using a 3-
day bladder diary, Patients’ Perception of Intensity of
Urgency Scale (PPIUS) [14], King’s Health Questionnaire
and Patients’ Perception of Bladder Condition questionnaire
(PPBC) [15].

The PPIUS is a tool designed to assess the intensity of
urinary urge sensation. It has a five-point scale ranging from
0 to 4, with grades 3 and 4 representing severe urgency and
urgency incontinence respectively.

The PPBC is a reproducible validated single item ques-
tionnaire that assesses the patients’ subjective impression of
their urinary problems. The questionnaire has a six-point
scale with responses ranging from “no problems at all” to
“many severe problems”. The changes in PPBC score from
baseline to week 6 of antibiotic treatment were stratified into
four groups: deterioration (difference in scores is positive),
no change (difference in scores is 0), minor improvement
(difference in scores is negative to a magnitude of 1), and
major improvement (difference in scores is negative to a
magnitude of 2 or more) as previously described [15].

NGF assay

Collected urine samples were immediately refrigerated and
centrifuged at 3,000 rpm at 4 °C for 10 min. Three millilitres
of urine were also sent for measurement of urinary creati-
nine. The centrifuged supernatant urine was stored at —80 °©
C, until further processing. Urinary NGF levels were mea-
sured by enzyme linked immunosorbent assay (ELISA)
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using the NGF Emax Immunoassay System (Promega,
Madison, WI, USA). A standardised protocol was followed
as suggested by the manufacturers. Anti-NGF polyclonal
antibody, which binds soluble NGF, was coated onto a 96-
well plate and incubated overnight. Urine samples were
added to the wells, together with a serial dilution of NGF
on each plate to provide a reference standard. After a further
incubation step, anti-NGF monoclonal antibody was added,
which binds to the captured NGF, and incubated overnight
again. The following day the amount of specifically bound
monoclonal antibody was detected using a species-specific
antibody conjugated to horseradish peroxidase. The un-
bound conjugate is removed by washing, and the final step
is then the addition of a chromogenic substrate, which
changes the colour of the solution according to the amount
of NGF. The colour absorbance is measured at 450 pum
using a spectrometer. An NGF standard curve is created
from the known concentrations of the NGF solutions and
their corresponding optical density. The concentration of
NGF in the urine samples was extrapolated from the NGF
standard curve. The measured urinary NGF levels were
normalised against the concentration of the urinary creati-
nine to take into account the variation in urine concentration
[16].

Statistical methods

Based on previous studies [6] a sample size of 34 was
estimated to provide 80 % power for a half standard devia-
tion change in NGF, and 90 % power for a 60 % standard
deviation change, with alpha set at 0.05. Spearman correla-
tion test was used to assess the correlation between the
baseline NGF values and the PPBC scores. Urinary NGF
levels were compared before and after antibiotic therapy
using Wilcoxon signed rank test, and with levels from a
parallel control group of asymptomatic women using the
Mann—Whitney U test. The daytime frequency, nocturia,
urgency scores and PPBC scores were compared before
and after treatment using Student’s ¢ test or Wilson signed
rank test as appropriate. The Mann—Whitney U test was
used to compare the NGF levels after antibiotic treatment
between the group of women who had no improvement in
their PPBC scores and the group who did. (SPSS version
14.0; SPSS, Chicago, IL, USA)

Results

Thirty-nine symptomatic women with refractory detrusor
overactivity were recruited. In addition, MSU samples were
collected from 27 asymptomatic women who served as
controls. Four patients (10.2 %) were excluded from the
final analysis owing to discontinuation of antibiotics,

commonly because of gastrointestinal side effects (n=
3)and vulvovaginal candidiasis (n=1).

The median NGF level in the control group was 0.19
(25th—75th interquartile range, 0.06—1.14). The pre-
treatment median NGF level in the symptomatic group
was 2.12 (25th to 75th interquartile range, 0.65-12.43).
There was a significant difference in the median NGF levels
between the control and the symptomatic group at baseline
(Mann—Whitney test, Z value —3.060; p value<0.05).

The baseline demographics and the clinical characteristics
of the symptomatic group (n=35) are listed in Table 1. There
was a statistically significant difference in the median age
between the symptomatic and asymptomatic group (Mann—
Whitney U test, Z value —4.43; p value<0.05). However, there
was no correlation between the NGF values and age
(Spearman correlation test, rho 0.06; p value > 0.05). There
was a significant correlation between the baseline NGF values
and the PPBC scores (Spearman’s rho 0.34; p value<0.05).

The NGF levels decreased significantly after 6 weeks of
antibiotic therapy, as shown in Table 2 (Wilcoxon signed
rank test, Z value —2.424; p=0.015). OAB symptoms in-
cluding daytime frequency, nocturia and urgency were also
significantly improved by antibiotic therapy, as shown in
Table 3. The magnitude of improvement in PPBC after
antibiotics therapy is shown in Table 4. Overall 74 % of
women found a minor to major improvement in their symp-
toms after antibiotic treatment. The median NGF values
after antibiotic treatment were lower in this group compared
with the group of women who had no improvement in their
PPBC scores. However, this difference was not statistically
significant (1.94 vs 1.06; Mann—Whitney U test; p=0.52).

Discussion

Urinary NGF levels were significantly higher in our symp-
tomatic study group with refractory OAB symptoms com-
pared with the control subjects at baseline, which is in
keeping with the results of other studies [5, 6]. Significant
correlation existed between the baseline NGF values and the

Table 1 Baseline demographics and clinical characteristics of patients

Characteristic Values
Age 44.8 (£14.9)
Duration of symptoms (months) 22 (£5.6)*

2.0 (1.0 to 3.5)°
3.0 (2.0 to 4.0)°
12.8 (#3.5)°

2.0 (1.0 to 3.0)f

Parity

Number of antimuscarinics tried
Day time frequency

Nocturia

#Values are expressed as: mean (standard deviation)

®Values are expressed as median (25th to 75th interquartile ranges)
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Table 2 Urinary nerve growth factor (NGF) at baseline and at 6 weeks

Baseline After 6 weeks of p
antibiotics
Median  25th to Median  25th to
75th 75th
IQR IQR
NGF 2.12 0.65— 1.34 0.32— 0.015
concentra- 12.43 2.68
tion

severity of urinary symptoms. Antibiotic treatment in women
with refractory OAB symptoms was associated with a signif-
icant decrease in the NGF levels as well as improvement in
patients’ symptoms and PPBC (Tables 2, 3). Supporting our
data, animal studies have shown a link between increased
NGEF levels and infection. Experimentally induced bacterial
cystitis in animal bladders was found to result in increased
NGF levels [4]. NGF is produced by the urothelium and
detrusor in the bladder, but other possible sources are eosino-
phils and macrophages [17]. Therefore, women with refracto-
ry OAB symptoms may have inflammation secondary to
infection, associated with increased NGF levels.

The diagnosis of overactive bladder or detrusor overac-
tivity is made only in the absence of urinary tract infection
with a culture of >10 >CFU/ml or other obvious pathology
[18]. Interestingly, it has been shown that the likelihood of
asymptomatic bacterial cystitis in women undergoing uro-
dynamics is 6 % in those with detrusor overactivity com-
pared with 1 % in women with urodynamic stress
incontinence [19] and women who develop OAB in later
life are more likely to have suffered from urinary tract
infections in their childhood [20]

In a study in women with lower urinary tract symptoms
(LUTS) the incidence of bacteriuria was 29 % when a

Table 3 Overactive bladder (OAB) symptoms at baseline and after
6 weeks of antibiotic therapy

Pre- After a 6-week course of P
treatment antibiotics
Daytime 12.8 (£3.5)* 8.7 (£2.7)* <0.005
frequency
Nocturia 2.0 (1.0 1.0 (0 to 3.0)° <0.050
103.0)°
PPBC scores 5.0 (4.0 to 2.0 (1.0 to 4.0)° <0.005
6.0)°
PPIUS scores 3.0(1.0to 2.0 (1.0 to 3».0)b <0.005
5.0)°

PPBC Patients’ Perception of Bladder Condition; PPIUS Patients’
Perception of Intensity of Urgency Scale

#Values are expressed as: mean (standard deviation)

®Values are expressed as median (25th to 75th interquartile ranges)
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threshold of 10>CFU/ml was chosen, compared with 15 %
at the routinely used threshold of 10 CFU/ml [12].
Similarly, in a study using a threshold of 10°CFU/ml,
28 % of women with OAB were found to have bacteriuria
[21]. In women with acute exacerbation of OAB symptoms,
the prevalence of bacteriuria on MSU samples at a low
count of >10° was 39 % compared with 6 % in controls
[13]. Concerns have therefore been raised that urinary tract
infections may be missed or under-diagnosed in women
with symptoms of overactive bladder if a threshold of 10°
CFU/ml is used for diagnosis. Alternatively, this could
reflect an increased contamination rate in patients who have
OAB as they may void smaller volumes and have higher
post-void residuals [22, 23].

There is also evidence to suggest that infection caused by
atypical organisms, such as Mycoplasma hominis,
Ureaplasma urealyticum and chlamydia not detected by
routine urine culture methodology may be associated with
overactive bladder symptoms. A retrospective observational
study in patients with urinary symptoms showed a preva-
lence of 13.7 % of atypical organisms [1, 3, 24]

Based on the data available, women with OAB seem to
have an increased likelihood of having asymptomatic bac-
terial infection that may be missed because of usage of a
higher threshold of 10° for diagnosis or lack of specific
culture techniques.

Bacterial infection has been shown to trigger neutrophils
infiltration into bladder mucosa and also production of cyto-
kine IL-6. Therefore, untreated infection could result in chron-
ic cystitis and non-responsiveness to antimuscarinics.

Inflammation has been postulated to be one of the caus-
ative factors for the development of OAB [25, 26]. Bladder
biopsies from patients with detrusor overactivity before
intravesical botulinum toxin injection revealed the presence
of chronic inflammation in 59 % of cases [27]. Animal and
clinical studies on inflammatory biomarkers have provided
evidence of the role of cytokines, prostaglandins and nerve
growth factor in the development of lower urinary tract
symptoms [1, 3, 5, 6, 16].

We postulated that bladder inflammation might be the
underlying pathogenesis for their refractory overactive blad-
der symptoms, which may have occurred as a result of
chronic subclinical infection. Therefore, we treated our
patients with a combination of antibiotics to treat common
urinary tract pathogens such as Gram-negative and Gram-

Table 4 Magnitude of improvement in PPBC scores

Magnitude of improvement in PPBC Proportion (%)

No change=score of 0 26
Minor improvement=score of —1 17
Major improvement=score of —2 or more 57
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positive organisms as well as atypical organisms such as
Mycoplasma hominis, Ureaplasma urealyticum and chla-
mydia. The main limitation of our study is the lack of
evidence of infective aetiology in the treatment group.
However, treatment with antibiotics in women with re-
fractory overactive bladder significantly decreased the
urinary NGF levels (Table 2). Our study also shows a
statistically significant improvement in the daytime fre-
quency, nocturia and urgency and PPBC scores after
antibiotic treatment (Table 3) Twenty-six percent of
women who received antibiotic treatment did not find
any improvement in their symptoms, whereas 74 % of
them found a minor to major improvement in their
symptoms (Table 4). The mean NGF values after antibi-
otic treatment in women who had improvement in their
PPBC scores were lower compared with those of women
who had no improvement. However, this difference did
not reach statistical significance, which could be due to
small numbers in the subgroups.

Antibiotics could have indirect immune modulatory
effects in addition to antimicrobial effects [28]. There is
evidence that drugs such as doxycycline, ciprofloxacin,
cephalexin and co-amoxiclav exert anti-inflammatory prop-
erties. Therefore, it is possible that the antibiotics that were
used had an anti-inflammatory effect, which resulted in
improvement of the overactive bladder symptoms rather
than an anti-infective effect. It is also possible that the
treatment with antibiotics had a placebo effect. However,
the improvement in the PPBC scores is far larger at 74 %
than most placebo studies where improvement levels of only
40-45 % have been reported with placebo [29]. There is one
study using sequential antibiotics compared with placebo,
but the study group consisted of patients with interstitial
cystitis, in whom no significant difference was shown be-
tween the two treatment arms [30]. This report is not appli-
cable to the present study because of the differences in
pathology as the patients had pain and no incontinence.
Therefore, we can be confident that this is the first report
of sequential antibiotic treatment in this group of patients.
Although we found a small number of adverse events in this
short-term study, it is important to keep in mind that micro-
bial resistance could occur with long-term use of antibiotics,
particularly if the treatment is repeated for symptom
recurrence.

The limitations of this study are inherent in the uncon-
trolled design, which could create a risk of biases, and the
use of patients in whom first-line therapies had failed limits
the generalisability. Although the NGF measurements were
performed blind, limiting the risk of experimenter bias,
without a group of untreated controls the changes observed
may result from unmeasured factors. A placebo-controlled
study is therefore required to quantify the therapeutic effect.
These data provide a convincing rationale for the design of a

controlled trial of this therapy, and it is important for such a
study to assess the long-term outcome of treatment.

Urinary NGF levels may be responsive to antibiotic
treatment in women with refractory OAB. Furthermore,
targeted antibiotic treatment is associated with subjective
and objective improvement in OAB symptoms. Antibiotics
may be acting by producing an antibacterial or anti-
inflammatory effect. Antibiotic treatment could be consid-
ered in women with refractory OAB symptoms before inva-
sive treatment modalities such as botulinum toxin,
neuromodulation and bladder augmentation. The use of
NGF as a predictor of antibiotic treatment response merits
testing in a blinded randomised trial.
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