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Abstract

Background: Children with spinal cord disorders can present with
neurogenic bladder, a condition in which the bladder partly or com-
pletely loses its ability to store urine and void at low pressure. A
bladder with low compliance may cause urinary incontinence, which
negatively impacts quality of life and renal function. Long-term high
pressure neurogenic bladder can increase the risk of deterioration in
renal function. Antimuscarinic pharmacotherapy with clean intermit-
tent catheterization is currently considered one of the most effective
treatments for these patients. However, some patients do not respond
to oral medication or have unacceptable adverse events (AEs), which
may result in medical withdrawal for these patients. Intravesical oxy-
butynin is an effective treatment with less AEs compared with oral
medication. However, an important issue with this treatment is reten-
tion of the solution in the bladder. Moreover, as yet no data are avail-
able on the very long-term use and outcome of modified intravesical
oxybutynin therapy. In the present study, we report on the efficacy,
safety, and side effects of long-term modified intravesical oxybutynin
therapy in children with neurogenic bladder.

Methods: Modified intravesical oxybutynin (1.25 mg/5 mL, twice
a day) was administered to four children (three boys and one girl)
with neurogenic bladder (detrusor overactivity and/or low compli-
ance bladder), who were previously unresponsive to or experienced
intolerable AEs from oral medications. Results of pretreatment cys-
tometrograms were compared to those from follow-up urodynamic
studies. Anticholinergic AEs, occurrence of urinary tract infection,
and degree of incontinence during this treatment were also evaluated.

Results: After 1 year, bladder compliance improved in three of the
four patients. After 3 years, detrusor overactivity was undetectable in
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all patients. Bladder compliance at 3 years and 10 years after initia-
tion of therapy was similar for three patients, and they are continuing
modified intravesical oxybutynin therapy. One patient discontinued
therapy at 118 months due to worsening of bladder compliance and
upper urinary tract infection. No anticholinergic systemic AEs were
observed in any of the patients.

Conclusions: These results suggest that modified intravesical oxybu-
tynin is an effective and relatively safe long-term therapeutic option
for children with neurogenic bladder.
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Introduction

Antimuscarinic pharmacotherapy is generally considered the
gold standard treatment for patients with overactive blad-
der and low compliance bladder. For patients with overac-
tive bladder and/or urinary incontinence, treatment with oral
antimuscarinics is usually effective. Unfortunately, some pa-
tients do not respond to oral medications or experience un-
acceptable adverse events (AEs) [1, 2]. In such patients, it
has been reported that intravesical oxybutynin chloride is an
effective therapy for neurogenic bladder dysfunction [1, 3,
4], but the effects are often transient. In previous studies, we
found that intravesical oxybutynin chloride solution supple-
mented with hydroxypropylcellulose (HPC), a mucosal adhe-
sive substance, reduced systemic AEs, and that this therapy,
which we termed modified intravesical oxybutynin therapy,
was safe and showed excellent efficacy [5, 6]. Our previous
data suggest that this modification has the potential to reduce
the absorption of oxybutynin from bladder mucosa so that
it is retained in the bladder for longer, and that modified in-
travesical oxybutynin chloride may induce fewer systemic
AEs than intravesical oxybutynin chloride without HPC.
This treatment may also reduce unacceptable AEs in children
with neurogenic bladder dysfunction. Some researchers have
reported that intravesical oxybutynin chloride is effective
for children with neurogenic bladder who do not respond to
oral anticholinergic medication, or who experience intoler-
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Table 1. Patient Profiles

Patient Age Sex Disease

1 3y7m Male Pelvic teratoma

2 ly6bm Male Myelomeningocele
3 ly6bm Female Myelomeningocele
4 2y5m Male Myelomeningocele

y: years; m: months.

able systemic AEs from these drugs [1, 7, 8]. However, there
are as yet no published data on the very long-term use and
outcome of modified intravesical oxybutynin therapy. In the
present study, the efficacy and safety of long-term modified
intravesical oxybutynin therapy in children with neurogenic
bladder were examined.

Materials and Methods

Patients

The study protocol was approved by the Institutional Ethics
Committee for Clinical Trials. Modified intravesical oxybu-
tynin chloride solution supplemented with HPC was admin-
istered to four pediatric patients (three boys and one girl; all
under 4 years of age) with neurogenic bladder. The patients’
profiles are summarized in Table 1. Three patients (patients
2, 3, and 4) had myelomeningocele and one (patient 1) had a
neurogenic bladder due to resection of a pelvic teratoma. The
parents of the patients were advised about the risks and possi-
ble AEs of treatment before joining the study and signed an in-
stitutional ethics committee-approved informed consent form.
All patients underwent general urological examinations as well
as urodynamic studies, to verify the diagnosis of neurogenic
bladder. Cohen ureterocystoneostomy was performed before
modified intravesical oxybutynin chloride in patient 4 with left
grade IV vesicoureteral reflux. At the time of enrollment in this
study, two patients (patients 1 and 2) were being treated with
oral anticholinergic medication, but this was stopped 2 weeks
before the start of modified intravesical oxybutynin chloride.
The other two patients (patients 3 and 4) were not receiving
oral anticholinergic agents due to the pre-existence of severe
constipation. Three patients (patients 1, 2, and 4) were using
clean intermittent catheterization (CIC), and one patient (pa-
tient 3) was being managed with an indwelling urethral cath-
eter because of extremely low bladder compliance.

Composition of the modified oxybutynin chloride solution

The oxybutynin chloride solution was prepared in the phar-
macy division of our hospital. The solution consisted of oxy-
butynin chloride 2.5 mg, sodium chloride 58 mg, HPC 100 mg,
sodium dihydrogenphosphate (anhydrous) 52.6 mg, disodium
hydrogenphosphate (anhydrous) 8.7 mg, and water 10 mL (pH
5.85).
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Evaluation of the treatment

The modified oxybutynin chloride solution was administered
according to the method described in our previous report [6].
After catheterizing to empty the bladder the modified oxybu-
tynin chloride solution was instilled into the bladder at a dos-
age of 5 mL each time and remained until the next catheteri-
zation. This procedure was repeated twice daily. There were
no changes in the frequency or dosage of oxybutynin during
the course of the study. Filling cystometry was obtained be-
fore, 1 week after, and 1 year after the first instillation of
modified oxybutynin chloride. Thereafter, filling cystometry
was performed with the patient supine using Urodyn 5000
(Dantec, Skovlunde, Denmark) (March 2004 - March 2011)
and Solar Urodynamic System (EDAP TMS, Vaulx-en-Velin,
France) (April 2011 - present) every year. Sterile physiologi-
cal saline solution was infused through a 7-Fr. double-lumen
urethral catheter at 10 to 20 mL per minute with the infu-
sion rate adjusted to patient size. Urodynamic studies were
performed according to the standard methods of the Inter-
national Continence Society. Cystometric bladder capacity
was defined as the volume at an intravesical pressure of 30
cm H,O. Bladder compliance was calculated as the total vol-
ume divided by the end fill pressure. Results of pretreatment
cystometrograms (CMGs) were compared to those from fol-
low-up urodynamic studies. The patients were also carefully
monitored for AEs during this treatment. In patients suspect-
ed of having a urinary tract infection (UTI), urinary samples
were obtained from the catheter and cultured. All incidents
of asymptomatic bacteriuria (ABU) or upper or lower UTI
over the year prior to commencement of treatment and over
the year following the cessation of treatment were recorded.
Upper UTI was defined as a significant growth of bacteria (>
100,000/mL) and a temperature > 38.5 °C. Lower UTI was
defined as a significant growth of bacteria with symptoms
such as increased leakage or discomfort and a temperature <
38.5 °C. ABU was defined as significant growth of bacteria
without symptoms. All patients used prophylactic antibiotic
therapy, usually sulfamethoxazole and trimethoprim, before
CIC was introduced. The degree of incontinence in these
patients before and during this therapy was also evaluated
based on their parents’ diaries.

Chemicals and drugs

Oxybutynin chloride and HPC were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). All other chemicals were
of reagent grade.

Results

Follow-up durations were 118 months, 126 months, 127
months, and 51 months for the four patients. The CMG data
are shown in Table 2, and typical traces are shown in Figure
1 (patient 1). Before treatment, all patients presented with low
bladder compliance and detrusor overactivity. After 1 year,
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Table 2. Bladder Compliance, Detrusor Overactivity and Urinary Incontinence Before and After Treatment

Bladder compliance (em H,O/mL)

Detrusor overactivity

Urinary incontinence

10 y later Before 1ylater 3ylater 10y later

Patient
Before 1ylater 3ylater 10y later Before 1y later 3y later
1 1.7 6.7 6.5 3.7° + +
2 0.2 3.5 4.7 10.5 1 =
3 0.1 10.0 9.3 9.7 + -
4 2.5 NP 5.9 11.8 A NP

+2 3 times/m  None None 2.3 times/d?
- 4.6 times/d 3 times/m None None
- None None None None
- 4.5 times/d None None None

y: years; m: month; d: day; NP: not performed. 2at 118 months.
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Figure 1. Cystometrograms of patient 1 before and after treatment.

bladder compliance improved in patients 1, 2, and 3. At 3 years,
detrusor overactivity was not observed in all patients. Bladder
compliance at 3 years and 10 years after initiation of therapy
was similar for three patients, and they are continuing modi-
fied intravesical oxybutynin therapy. One patient discontinued
therapy at 118 months due to worsening of bladder compli-
ance and upper UTI. Table 2 shows the degree of incontinence
before and during therapy. In patients 1, 2, and 4, a significant
improvement in the degree of incontinence was achieved. In
the case of patient 3, because she had suffered from urinary re-
tention before therapy, no change in the degree of incontinence
was observed.

No anticholinergic systemic AEs were observed in any of
the patients. Patient 1 was able to increase the interval between

Table 3. Incidence of UTls

catheterizations from 3 h before treatment to 6 h after treat-
ment with no incontinence between catheterizations. In patient
3, the indwelling urethral catheter could be replaced with CIC,
due to improvement in bladder compliance (5 CICs/day). The
UTI status of all patients is summarized in Table 3. In all pa-
tients, the incidence of UTI did not increase during treatment.
Two patients (patients 2 and 3) did not experience ABU for
more than 3 years after instituting treatment.

Discussion

Although the number of patients in this study was small, all
of them showed improved bladder compliance and a reduced

5 1y before instituting 1y after instituting 3 y after instituting 10 y after instituting
Patient
treatment treatment treatment treatment
1 Lower UTI (3 times) None None Upper UTI (2 times)?
2 ABU ABU None None
3 ABU None None None
4 ABU ABU ABU ABU
UTI: urinary tract infection; ABU: asymptomatic bacteriuria. 2at 118 months.
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degree of urinary incontinence. The present data suggest that
modified intravesical oxybutynin is an effective treatment op-
tion for children with neurogenic bladder. To the best of our
knowledge, this study is the first to assess the efficacy of 10-
year use of modified intravesical oxybutynin for children with
this disorder.

The aim of treatment for patients who have neurogenic
bladder due to spinal cord disease is to protect renal func-
tion, reduce urinary infections, ameliorate urinary inconti-
nence, and increase quality of life [9]. The primary goals of
pediatric neurogenic bladder management are to normalize
vesical pressure and achieve social continence [4]. While it is
true that oral antimuscarinic pharmacotherapy is the first-line
therapy, the high incidence of systemic AEs has compromised
compliance, resulting in dose reductions or even discontinua-
tion of treatment.

In 1989, Brendler et al first reported treatment with in-
travesical oxybutynin chloride for neurogenic bladder [10].
Since then, evidence of the efficacy of intravesical oxybutynin
has been reported [1, 2, 11, 12]. Generally, the majority of
children with neurogenic bladder (70-90%) respond well to
oral antimuscarinic agents with or without CIC [13]. This
therapeutic approach allows a high concentration of the drug
to be delivered to the target tissue with the maximal pharma-
cological response and, theoretically, minimal AEs. However,
the pharmacokinetic mechanisms of oxybutynin are not well
known. It has been suggested that intravesical oxybutynin
chloride has a longer half-life, even with the higher peak lev-
els. In fact, Madersbacher and Knoll reported that the reab-
sorption of intravesical oxybutynin is slower than that after an
oral dose; peak levels are reached later and are maintained at
a higher level after 6 h [12]. An increasing amount of evidence
suggests that high plasma levels of N-desethyl-oxybutynin
(DEOB), an active oxybutynin metabolite, cause systemic
AEs [1, 2]. Indeed, Lehtoranta et al reported that a significant-
ly lower ratio of the area under the plasma concentration time
curve (AUC) of DEOB over oxybutynin may reduce systemic
AEs [2]. Therefore, intravesical oxybutynin chloride, which
reduces plasma levels of DEOB to lower than that with oral
administration of oxybutynin chloride, is an effective therapy
for overactive bladder, which is intolerable or with severe
AEs that occur after oral oxybutynin medication. The mecha-
nism of action of intravesical oxybutynin may involve a direct
effect on the bladder muscle, a topical anesthetic effect, or
an indirect effect of absorbed oxybutynin and its metabolites
[14]. Di Stasi et al also reported that this therapeutic effect
is a direct localized action within the bladder wall, probably
through local anesthesia of the afferent arm of a reflex arc and
possibly via a small degree of diffusion down to the M3 recep-
tors in the detrusor [15]. Immunohistochemistry and reverse
transcription polymerase chain reaction (RT-PCR) techniques
have shown that both M2 and M3 muscarinic receptor sub-
types are expressed in the rat urothelium, and that M2 recep-
tors are expressed on the human urothelium and are closely
associated with sensory nerves [16]. Recently, Kim et al re-
ported that intravesical administration of oxybutynin not only
suppresses muscarinic receptor-mediated detrusor muscle
contraction, but also blocks muscarinic receptors in bladder-
afferent pathways in rats [17]. Actually, Haga et al reported
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that oral administration of low-dose oxybutynin decreased c-
fos expression in the spinal cord, which was induced by con-
tinuous infusion of saline into the rat bladder [18]. Further
studies are needed to resolve the pharmacokinetics of intra-
vesical oxybutynin chloride.

Intravesical oxybutynin chloride is an effective method
with fewer AEs than oral medication [9]. However, the dura-
tion of this method often does not last long enough. Weese et
al reported that, of 42 patients administered intravesical oxy-
butynin medication, nine had difficulty retaining the solution
in the urinary bladder [19]. Based on these and other previ-
ous reports, difficulty retaining the solution in the bladder is
an important problem. To reduce the above-mentioned tran-
sient effects of intravesical oxybutynin chloride, some clinical
techniques have been reported. HPC is an agent that adheres
to bladder mucosa and retains drugs in the bladder longer. Mi-
zunaga et al reported that they developed a new oxybutynin
solution containing HPC, a mucosal adhesive substance. They
reported that plasma concentrations of oxybutynin after intra-
vesical HPC-modified oxybutynin were significantly lower
than that after instillation of oxybutynin alone, and the ef-
fect of HPC-modified oxybutynin lasted longer than that of
oxybutynin alone. Moreover, favorable clinical effects were
achieved, and no AEs were observed for more than 6 months
during medication periods [20]. It has been suggested that
modification with HPC may reduce the absorption of oxybu-
tynin from bladder mucosa, so that oxybutynin is retained in
the bladder for longer, and it may reduce anticholinergic AEs
compared to those of intravesical oxybutynin without HPC. In
the present study, muscarinic AEs were not seen in any of the
patients. Recent study demonstrated that intravesical applica-
tion of 0.1% oxybutynin hydrochloride solution (30 mg oxy-
butynin hydrochloride/day) was equal to oral administration in
adult patients with neurogenic bladder [1]. On the other hand,
the present data suggest that intravesical oxybutynin hydro-
chloride (2.5 mg oxybutynin hydrochloride/day) with HPC is
an effective and relatively safe long-term therapeutic option
for children with neurogenic bladder. Therefore, modified in-
travesical oxybutynin therapy may be effective even in a small
dose of oxybutynin hydrochloride.

Limitations

There are several limitations to this study. First, in all retro-
spective analyses, there are inherent limitations. Second, the
pooled sample size was not powered to demonstrate the safety
or efficacy of long-term modified intravesical oxybutynin ther-
apy in children with neurogenic bladder. Third, the ideal study
would be a prospective, randomized, placebo controlled trial.
Challenges and limitations of trial design for pediatric patients
with refractory neurogenic bladder include patient heterogene-
ity, and the small number of patients in whom traditional uro-
therapy fails. However, the long-term effects of modified in-
travesical oxybutynin therapy were confirmed by urodynamic
studies. Therefore, we believe that, although patient numbers
were limited, modified intravesical oxybutynin therapy is very
valuable for patients who do not respond to oral antimuscarin-
ics.
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Conclusions

Based on the data from this study, although patient numbers
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