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Abstract

Purpose To evaluate the effectiveness and safety of intravesical oxybutynin therapy for patients with neurogenic detrusor
overactivity.

Methods A systematic search in PubMed, MEDLINE, EMBASE, ClinicalTrial.gov, and Cochrane Controlled Trials Register
was conducted from 1990 to 2021. Nineteen studies were included for analysis, of which 392 patients including both adults
and children were treated with intravesical oxybutynin. The analysis was performed by Cochrane RevMan® software, version
5.3. The primary outcomes were maximum bladder capacity (MBC), detrusor pressure at MBC, and bladder compliance.
The secondary outcomes were episodes of urinary incontinence and side effects.

Results MBC displayed an increase of 77.8 ml (95% CI 56.9 to 98.7) in kids, 110.8 ml (95% CI 58.95 to 162.7) in adults,
respectively. Detrusor pressure at MBC demonstrated an improvement of — 18.8 cm H,0 (95% CI — 26.2 to — 11.3) in kids,
—23.2.cm H,0 (95% CI — 32.6 to — 13.8) in adults, respectively. The bladder compliance increased 5.8 ml/cm H,O (95%
CI 3.4 to 8.1) among kids. The mean percentage of patients “dry or improved” after treatment accounted for 76.9% in adults
and 74.6% in kids, respectively. Among all patients, 53 (13.5%) reported side effects, 80 (20.4%) discontinued this treatment,
26 (6.6%) withdrew because of side effects, and 35 (8.9%) quit due to inconvenience.

Conclusion Intravesical oxybutynin treatment could be a feasible treatment for both adults and children with neurogenic
detrusor overactivity, because of its good effect and less side effects.
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Introduction

Patients with different underlying neurologic conditions,
such as spinal cord injuries, multiple sclerosis, Parkinson
disease, and meningomyelocele, can develop neurogenic
overactive bladder, which is the partial or complete loss of
urine storage capacity and the ability to empty the bladder
under low pressure [1]. Patients often suffer from neurogenic
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detrusor overactivity, with or without sphincter abnormali-
ties [2]. In these patients, low bladder compliance can lead
to urinary incontinence that negatively affects the life qual-
ity and it can be dangerous for the kidneys [3]. A report of
Woodhouse showed that in English children with neurogenic
bladder who had received insufficient treatment, the preva-
lence of total renal failure before and after puberty was 18%
and 30% [4]. Patients with neurogenic detrusor overactivity
are usually treated by anticholinergic drugs as the first-line
medical therapy, which is combined with clean intermittent
self- or third-party catheterization (CIC) when patients can-
not adequately empty their bladders [5]. Oxybutynin, which
is well studied, cheap, and easily accessible, has been used
for decades in patients with detrusor hyperactivity by mainly
acting on the parasympathetic nervous system. It has strong
smooth muscle spasmolysis, strong analgesic effect, anticho-
linergic effect, local anesthesia, and calcium-channel block-
ing activity [6]. However, a number of these patients may
become non-responders to the oxybutynin with oral routine
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or present with a high incidence of systemic side effects,
such as dry mouth, constipation, dementia, dizziness, and
facial flushing, leading to dose reduction or even discontinu-
ation of treatment [7-9]. To minimize the adverse events of
oral oxybutynin, another option is the intravascular injection
of oxybutynin, which improves effectiveness by increasing
the plasma levels while decreases undesired anticholinergic
effects by reducing the metabolite [10]. The efficiency and
safety of intravesical oxybutynin have been proved by previ-
ous report [11]. But few studies have illustrated the thera-
peutic effect of intravesical oxybutynin for both adults and
children. This study was to focus on identifying the outcome
of intravesical oxybutynin for adults and children who were
refractory to oral drugs or suffered severe side effects.

Methods
Publication searches

This review comprehensively searched all major literature
databases, which carried out on September 2021, for studies
published since September 1990 in the PubMed, EMBASE,
MEDLINE, ClinicalTrial.gov, and Cochrane Controlled
Trials Register. Only reports published in English were
searched. The following search strategy was used to include
all relevant reports: (Neurogenic detrusor overactivity OR
Neurogenic bladder OR Bladder overactivity) AND (Intra-
vesical) AND (Oxybutynin OR Anticholinergics OR Anti-
muscarinics) AND (Efficacy OR Effect OR Safety). The
study designs included randomized controlled trial (RCT),
clinical trial, controlled clinical trial, prospective cohort
study and observational study. A reference list of all system-
atic reviews and potential reports in this area was also veri-
fied for additional recommendations. There were no exclu-
sion criteria according to publication status. It should note
that IRB approval was not required for this study because
the data came directly from open-source researches rather
than proprietary areas.

Inclusion criteria and exclusion criteria

Patients (men and women) who were unresponsive to oral
oxybutynin therapy (became intolerable to oral drugs or
withdrew because of severe side effects) were included.
Intervention included intravesical administration of oxy-
butynin into the bladder. Exclusion criteria included: (a)
intravesical therapy using anticholinergic drugs other than
oxybutynin; (b) studies reported insufficient data; (c) meet-
ing, case report, review, or abstract; (d) animal studies; (e)
language other than English.
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Objectives and outcomes

The purpose of this study was to assess the efficiency and
safety of intravesical oxybutynin in adults and children
with neurogenic detrusor overactivity. The primary out-
comes were maximum bladder capacity (MBC), detrusor
pressure at MBC, and bladder compliance. The secondary
outcomes were episodes of urinary incontinence and the
main side effects, such as urinary tract infection (UTI), dry
mouth, constipation, dry eye, blurred vision, decreased
perspiration, seizures, cognitive effects, hallucination,
disturbance in attention, drowsiness, and facial flushing
[12-14].

Study selection and data collection

Two researchers (S-H.S. and L.P.) independently selected
and reviewed the abstracts according to inclusion and exclu-
sion criteria. Since drug metabolism between adults and kids
has various behavior and characteristics, they were assessed
separately [12]. Studies were conducted in the children
group (kids only), adult group (adults only), and mixed
group (both adults and children). Data were collected by
one author (S-H.S.) and independently doubled examined by
another (L.P.). Disagreements were resolved after discussion
between reviewers and the corresponding author.

Quality assessment

Reports quality was evaluated by two independent investi-
gators (S-H.S. and L.P.). According to the Cochrane hand-
book, the risk of bias across RCTs was assessed by Rev-
Man® software using the risk of bias (ROB) graph, which
included unclear, high, and low risks [15]. Observational
reports were assessed by the Newcastle-Ottawa Scale (NOS)
[15, 16]. The semi-quantitative principles of the star system
were applied for quality assessment in the NOS, and the
maximum achievable score was up to 9 stars. When there
were any differences between the authors, a third expert
intervened to solve them.

Data analysis

A weighted treatment effect was conducted across trials
using Cochrane RevMan® software, version 5.3 (Cochrane
Collaboration, Oxford, UK). Weighted mean differences and
95% confidence intervals (CI) (random effects model) were
used to express the results. Heterogeneity was calculated sta-
tistically using the I test. The fixed-effect model was needed
when I? values were less than 50%, and the random-effect
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method was needed when I? values greater than 50% were
produced. Subgroup analyses were performed based on age.

Results
Literature search and study characteristics

As displayed in Fig. 1, we identified 183 studies via the
systematic database search, of which 6 duplicated references
were removed. The exclusion of 128 records was that they
were not relevant or not met the inclusion criteria. After the
removal of studies, 22 individual tests may be appropriate, of
which 3 trials were eliminated as we determined they were
the same study with long-term follow-up after obtaining full

text. However, three studies were not qualified to be ana-
lyzed due to insufficient data. Only three RCT studies were
included [9, 13, 14]. Subgroup analyses of adults and chil-
dren were performed for the purpose of theoretically elimi-
nating or reducing the heterogeneity attributed to different
age groups. However, the population consisted of both adults
and children in five studies, two of them could be analyzed
separately [11, 17], and the other three could only be ana-
lyzed using the mixed data [18-20]. Quality assessments of
the included studies were relatively high (Table 1, Fig. 2).

Population and intervention characteristics

Table 2 shows the characteristics of included studies. A total
of 392 patients were treated with intravesical oxybutynin,

Fig. 1 Flow diagram of selected
articles
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Table 1 Quality assessment of

. NOS Selection Compara-  Exposure
non-RCTs using Newcastle— bility
Ottawa scale (NOS)
REC SNEC AE DO SC AF AO FU AFU
Brendler et al. [18] 1 1 1 1 1 0 1 1 1 8/High
Mizunaga et al. [20] 1 1 1 1 1 0 1 1 1 8/High
Ersoz et al. [19] 1 1 1 1 1 1 1 0 0 7/High
Prasad et al. [17] 1 1 1 1 1 0 1 1 1 8/High
Kasabian et al. [11] 1 1 1 1 1 0 0 1 1 7/High
Madersbacher et al. [28] 1 1 1 1 1 1 1 1 1 9/High
Szollar et al. [26] 1 1 1 1 1 1 1 0 1 8/High
Pannek et al. [24] 1 1 1 1 1 1 1 1 1 9/High
Saito et al. [25] 1 1 1 1 1 1 1 1 1 9/High
Greenfield et al. [23] 1 1 1 1 1 1 0 0 1 7/High
Connor et al 1 1 1 1 1 1 0 1 1 8/High
Kaplinsky et al. [23] 1 1 1 1 1 1 1 1 1 9/High
Painter et al. [47] 1 1 1 1 1 1 1 1 1 9/High
Buyse et al. [21] 1 1 1 1 1 1 1 1 1 9/High
Hayashi et al. [22] 1 1 1 1 1 1 1 1 1 9/High
Guerra et al. [12] 1 1 1 1 1 1 1 1 1 9/High

The quality score > 7 points were ranked as high

REC representativeness of the cohort, SNEC selection of the none posed cohort, AE ascertainment of expo-
sure, DO demonstration that outcome of interest was not present at start of study, SC study controls most
important factors, AF study controls for other important factors, AO assessment of outcome, FU follow-up
long enough for outcomes to occur (“long enough” is defined as 6 months), AFU adequacy of follow-up of

cohort (>80%)

with or without oral oxybutynin. An average dose of 15 mg
oxybutynin was instilled into the bladder of the participant
through urethral catheter every day. Duration of treatment
ranged from 21 days to 36 months across the studies. The
oxybutynin can be provided by crushing pills into solution
or use a pharmacy-prepared oxybutynin solution [12, 21].

Outcomes

Figure 3 shows the improvement in MBC and detrusor pres-
sure at MBC (Fig. 3a, b). There have been moderate incon-
sistencies in studies of MBC in the adult group (I*=76%)
and mixed group (I =59%). The mean MBC showed an
increase of 77.8 ml (95% CI 56.9 to 98.7; p <0.00001) in
kids, 110.8 ml (95% CI 58.95 to 162.7; p <0.00001) in
adults and 117.0 ml (95% CI 78.2 to 155.7; p <0.00001) in
the mixed group separately. The mean detrusor pressure at
MBC showed an increase of — 18.8 cm H,0 (95% CI — 26.2
to — 11.3; p<0.00001; 12:57%) in kids, — 23.2 cm H,0
(95% CI — 32.6 to — 13.8; p <0.00001; F*=0) in adults and
— 9.4 cm H,0 (95% CI — 13.3 to — 5.5; p <0.00001; =0)
in the mixed group separately. After treatment with intravesi-
cal oxybutynin, the bladder compliance increased 5.8 ml/cm
H,0 (95% CI 3.4 to 8.1; p <0.00001; I* = 18%) among kids,
and 5.0 ml/cmH,0 (95% CI 0.9 to 9.1; p=0.02; I’=59%)
among mixed age group, respectively (Fig. 3c).

@ Springer

The changes in urinary incontinence (dry and improve-
ment) are exhibited in Table 3. The mean portion of patients
“dry or improved” after treatment accounted for 76.9% in
adults and 74.6% in children.

It was demonstrated that detrusor overactivity showed a
significant decrease in 33% to 75% of the patients across
reports [22-25]. Detrusor leak point pressure (DLPP) was
observed in several studies, and all groups found statisti-
cally significant improvements [9, 14, 26]. Buyse et al.
reported detrusor-sphincter dyssynergia in 11 kids; how-
ever, the follow-up of change was not recorded [21]. Prasad
et al. recorded the number of times the patients performed
CIC, reduced from 16 +7 to 8 +3.5 after intravesical ther-
apy (P<0.05) [17], and Annette et al. also showed a slight
decrease in the frequency of CIC (- 0.11+0.88, P <0.6734)
[14].

Three hundred and ninety-two patients initially received
intravesical oxybutynin, of whom 53 reported side effects
(13.5%) (displayed in Table 4). Dry mouth (6.1%) and con-
stipation (8.2%) were the most frequently mentioned adverse
effects of this anticholinergic drug. UTI (5.6%) was mainly
attributed to the use of catheters or the drug. Other side
effects were rarely reported, including facial flushing (2.8%),
drowsiness (0.8%), dizziness (0.8%), abdominal discomfort
(0.8%), cognitive effects (0.8%), headaches (0.5%), halluci-
nations (0.3%), dry eye (0.3%), fatigue (0.3%), somnolence



International Urology and Nephrology (2022) 54:737-747

741

Fig.2 Quality assessment of
RCTs using the risk of bias
(ROB) graph
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(0.3%), urinary hesitation (0.3%), instillation site pain
(0.3%), urge to urinate (0.3%), hypohidrosis (0.3%), hypo-
tension (0.3%), and ileus (0.3%). Among the 80 patients who
withdrew from the treatment (20.4%), side effects and incon-
venience were responsible for 6.6% (26 patients) and 8.9%
(35 patients) of the discontinuations, respectively.

Discussion

Intravesical oxybutynin was known to reduce detrusor activ-
ity, increase MBC and decrease detrusor pressure in patients
with neurogenic detrusor overactivity [27]. In addition, this

review also suggested that intravesical oxybutynin was an
efficient therapy option, for both adults and children.

Compared to the baseline values, a significant increase
was detected concerning bladder compliance. Since the
pressure at MBC and DLPP are clinically significant indi-
cators of renal safety [28], they were selected as the efficacy
criteria for the assessment of effectiveness, and the mean
detrusor pressure at MBC showed a statistically significant
decrease of — 18.8 cm H,0 in kids and — 23.2 cm H,O in
adults, respectively. However, only a few studies reported
DLPP and sphincter abnormalities, with inadequate informa-
tion to draw a conclusion [9, 12, 14, 21, 25].

It seemed that the increase of MBC in adults (110.8 ml)
was greater than that among kids (77.8 ml) (P <0.05).

@ Springer
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Table 2 Characteristics of included studies

Study Study design Duration (year) Patients (n) Age (years) Dosage Follow-up
Annette et al RCT 2009-2011 Adults (18) 18-70 30 mg/day 28 +2 days
Ferrara et al. [9] RCT 1993-1998 Kids (34) 4.2 (0.25-10) 0.1-0.2 mg/kg/day 36 months
Prasad et al. [17] P NP Adults (11) 36 (20-50) 15 mg/day 6—12 months
Kids (3) 8 (3-13) 15 mg/day 6—12 months
Kasabian et al. [11] R NP Adults (7) 31.5 (19-33) 10-20 mg/day 6 months
Kids (11) 7.7 (4-12) 10-20 mg/day 6 months
Brendler et al. [18] NP Mixed (11) 45 (7-76) 10 mg/day NP
Mizunaga et al. [20] NP Mixed (17) 12.3 (4-45) 10 mg/day 11.1 (2-16) months

Ersoz et al. [19] 2002-2004 Mixed (25) 30.2+16.6 10-20 mg/day 19.9 +4.9 days

~ T v % v

Madersbacher et al. [28] NP Adults (13) 30 (19-60) 5 mg/day NP
Szollar et al. [26] NP Adults (13) 41 (20-68) 15 mg/day 3 months
Pannek et al. [24] 1997-1999 Adults 25) 37 (18-64) 45 mg/day 6 (3-16) months
Lehtoranta et al. [13] RCT NP Adults (9) 37 (18-64) 15 mg/day 1 year
Saito et al. [25] R 1998-2001 Adults (6) 533 (14-74) 10 mg/day 3 years
Greenfield et al. [23] R NP Kids (10) 4-18 10 mg/day 3 months
Connor et al R NP Kids (28) 8.7 (0-19) 10 mg/day 6.5 months
Kaplinsky et al. [23] R NP Kids (28) 3-18 10 mg/day 35 (3—67) months
Painter et al. [47] R 1992-1995 Kids (42) 8.6 (1-17) 10 mg/day 13 (2-26) months
Buyse et al. [21] P 1995-1997 Kids (15) 0.3-14 10 mg/day 24 months
Hayashi et al. [22] R NP Kids (4) 2-4 2.5 mg/day # 12 months
Guerra et al. [12] R NP Kids (62) 9.5 (2-17) 10 mg/day 6 months
NP not reported
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Table 3 The improvement of urinary incontinence

More information

10 patients significantly improved

Markedly improved in 6, moderately improved in 7, slightly improved in 2

6 patients improved, 15 lost to follow-up

9 patients significantly improved

1 adult has only slight incontinence

Not reported

9 patients significantly improved

15 patients became dry, 4 markedly improved
Not reported

Compliance was excellent in 4 patients, good in 1

Not reported

Compliance was excellent in 3 patients

5 patients became dry, 1 still had minimal incontinence

5 patients became dry day and night, 3 became dry during day
5 patients became dry, 3 reduced pad use

12 patients became dry, 5 were dry during day

3 patients became dry, 19 decreased pad use

8 patients achieved “social continence”

Not reported

3 patients significantly improved

17 Patients became dry between bladder catheterizations

Study % Dry or improved
Brendler et al. [18] 90.9 (10/11)
Mizunaga et al. [20] 88.2 (15/17)
Ersoz et al. [19] Not reported
Mean % of Mixed 89.6

Prasad et al. [17] 81.8 (9/11)
Kasabian et al. [11] 50.0 (1/2)
Madersbacher et al. [28] Not reported
Szollar et al. [26] 69.2 (9/13)
Pannek et al. [24] 100.0 (19/19)
Lehtoranta et al. [13] Not reported
Saito et al. [25] 83.3 (5/6)
Annette et al Not reported
Mean % of Adults 76.9

Prasad et al. [17] 100.0 (3/3)
Kasabian et al. [11] 100.0 (6/6)
Greenfield, Saul P et al. [23] 80.0 (8/10)
Connor, John P et al 61.5 (8/13)
Kaplinsky et al. [23] 81.0 (17/21)
Painter et al. [47] 75.9 (22/29)
Buyse et al. [21] 61.5 (8/13)
Ferrara et al. [9] Not reported
Hayashi et al. [22] 75.0 (3/4)
Guerra et al. [12] 36.2 (17/47)
Mean % of kids 74.6

However, this may wrongly overestimate the efficiency of
oxybutynin in adults, because MBC increases with age
[29]. Thus, age-related parameters should be used to evalu-
ate the differences in the therapeutic effect between adults
and children.

Overall, most studies had significant improvements in
urinary incontinence, with high “dry and improved” rates
were reported. The quality of life in patients with neurogenic
detrusor overactivity also improved significantly [30].

The effect of intravesical oxybutynin can hypothetically
be attributed to the anticholinergic effects and the topical
analgesia on the sensitive C fiber afferents in the bladder
detrusor, increasing their threshold for activation [31].
Nowadays, Botulinum-A toxin (BTX-A) is widely used to
paralyze the bladder detrusor muscle and block the signals
to the spinal cord as one second-line treatment [32]. This
therapy is not durable and a complicated injection process
under anesthesia is needed. Antimuscarinics, such as oxy-
butynin, are cheaper than BTX-A; however, there is no cost-
effectiveness analysis of intravesical oxybutynin vs. BTX-A
administration in the treatment of neurogenic detrusor over-
activity [33].

The relationship between plasma concentration and its
clinical efficacy is still not clear and there is no unified dose

for intravesical treatment [27, 34]. In most studies, intra-
vesical oxybutynin was used in dosages between 0.2 and
0.4 mg/kg daily (average 15 mg daily). However, Haferkamp
found that increase dosage of intravesical oxybutynin could
improve the effectiveness from 66% (0.3 mg/kg daily) to
87% (0.9 mg/kg daily), without significant increase of side
effects [35]. Previous studies demonstrated that the oxybu-
tynin solution warmed to 37 °C with a PH of 5.85 before
intravesical therapy could reduce irritating reactions in the
bladder mucosa [18]. Prasad et al. reported leaving the drug
in the bladder for as long as 3 to 4 h or until the next cath-
eterization did not produce any systemic side effects without
influencing the effectiveness [17].

N-Desethyl oxybutynin is the first transhepatic metabo-
lite of oxybutynin, which is related to anticholinergic effect.
Avoiding oral administration can reduce this risk. Research-
ers indicated that, among the patients, 20.4% dropped out
of the treatment, with side effects accounted for 6.6% (26
patients). According to Weese et al., the incidence of sig-
nificant side effects of oral treatment ranged from 57 to
94% [36]. In this case, the incidence of adverse reactions of
intravesical administration was lower than that of the oral
route, which was consistent with the rationality of its use.
However, because the drug is absorbed through the bladder
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Table 4 Incidence of side effects and reasons of withdrawal

Study Urinary tract Dry Constipa-  Total side Withdraw because of ~ Withdraw because of Total with-
infection (No.  mouth tion (No.  effects (No. inconvenience (No. side effects (No. pts) draw (No.
pts) (No. pts)  pts) pts) pts) pts)

Brendler et al. [18] 0 0 0 0 0 0 1

Mizunaga et al. [20] 0 0 0 1 0 0 2

Ersoz et al. [19] 5 NP NP NP 3 5 16

The sum of Mixed 5 0 0 1 3 5 19

Prasad et al. [17] 0 0 0 0 0 0 2

Kasabian et al. [11] 1 3 0 4 2 1 5

Madersbacher et al. [28] 0 0 0 0 0 0 0

Szollar et al. [26] 0 0 0 0 0 0 0

Pannek et al. [24] 3 6 NP NP 2 0 2

Lehtoranta et al. [13] 5 NP NP 7 0 0 1

Saito et al. [25] 2 0 4 0 0 2

Annette et al NP 6 4 10 0 0 1

The sum of Adults 11 17 4 25 4 1 13

Prasad et al. [17] 0 0 0 0 0 0 0

Kasabian et al. [11] 1 1 0 3 3 3 5

Greenfield et al. [23] 0 0 0 0 0 0 0

Connor et al 1 1 0 3 14 0 15

Kaplinsky et al. [23] 0 1 2 7 0 7 7

Painter et al. [47] 3 0 0 3 9 3 12

Buyse et al. [21] NP 4 NP 4 2 0 2

Ferrara et al. [9] NP 0 0 6 0 6 6

Hayashi et al. [22] 1 0 0 1 0 1 1

Guerra et al. [12] NP NP 26 NP NP NP NP

The sum of kids 6 7 28 27 28 20 48

NP not reported

mucosa, there is still a chance side effects occur after intra-
vesical installation [10]. Massad and Mohler et al. found
significantly higher plasma levels and tissue levels of intra-
vesical oxybutynin compared to oral oxybutynin [10, 18].
On the other hand, this can cause higher cognitive dysfunc-
tion owing to that oxybutynin can penetrate the blood—brain
barrier because of the lipid-soluble anticholinergic effect and
bind to typical muscarinic receptors in the brain, in par-
ticular, the postsynaptic subtypes M1 and M2 [37]. Since
oxybutynin has been proved to have central anticholinergic
adverse effects, such as short-term cognitive impairment
[38]. In older patients and those at risk of cognitive impair-
ment or dementia, oxybutynin should be avoided, while 3
agonists, BTX-A administration, and neuro-modulation are
available [39, 40]. However, two reports demonstrated that
oxybutynin had no harmful effect on children’s attention
and memory [41, 42]. Generally, the potential therapeutic
efficacy of neurogenic bladder therapy should be weighed
against the potential side effects of anticholinergic treatment
in all patients, and close monitoring of cognitive and func-
tional performance should be conducted [40].

@ Springer

It was worth noting that a substantial proportion (8.9%)
of the patients in these studies dropped out of treatment due
to inconvenience of crushing and administering the medi-
cation. In some previous studies, sugar-free, sterile, stable,
and pharmacy-produced solutions were used to eliminate the
complicated crushing procedure by patients, which mark-
edly improved treatment compliance and acceptance of this
therapy [12, 21]. Hayashi and Saito et al. suggested that the
retention time of modification with hydroxypropyl cellulose
(HPC) in bladder was longer than that of intravesical oxybu-
tynin without HPC. Thus, there was a lower concentration
of plasma oxybutynin due to the reduction of the absorp-
tion of oxybutynin from bladder mucosa, and might reduce
the anticholinergic side effects [22, 25]. Oxybutynin 0.1%
Grachtenhaus (further ingredients: 0.9% sodium hydrochlo-
ride, 0.1% hydrogen chloride) has been used in the treatment
of patients suffering from neurogenic detrusor overactivity
in a Multi-Center Trial, showing good efficacy and safety
[14]. Hence, there is an urgent need to promote the supply
of pharmacy-prepared intravesical oxybutynin to improve
the compliance of patients.
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CIC treatment has been successfully used even in new-
borns and infants with neurogenic bladder who are not
able to effectively empty the bladder [43]. Proper educa-
tion, guidance, training for both patients and caregivers
are needed to assist the child catheterize properly, and the
detailed procedure of CIC in kids were parented in this study
[44]. CIC can be successfully taught to boys and girls who
are motivated and who have developed the required dexter-
ity, mostly around the age of 6 years [1]. Catheter lubrica-
tion and avoidance of forceful manipulation during CIC are
necessary to avoid urethral strictures and false passage in
boys [45].

Duration of treatment ranged from 21 days to 36 months
across the reports. Even though Kato suggested pharma-
cological effect of it was time-dependent, while Painter
et al. revealed only a 53% durable long-term effect [46, 47].
Kaplinsky et al. also believed the therapeutic efficiency of
intravesical oxybutynin was durable in patients, with MBC
markedly increased during extended follow-up [23]. Mean-
while, after a 15-year follow-up, Humblet illustrated that
intravesical oxybutynin remained valid, which could still
inhibit the detrusor overactivity without adverse effects [29].

The first limitation was that not all studies included
revolving urodynamic study (UDS) or with overall UDS
parameters to evaluate the function of bladder in patients
with neurogenic detrusor overactivity [48], and some data
were incomplete, thus we were not able to collect valid data
from these studies [14]. Second, the symptoms of neuro-
genic bladder are related to the dysfunction of detrusor and
sphincter; however, included articles only investigated the
therapeutic effects of oxybutynin for the dysfunction of det-
rusor overactivity, we could only draw a conclusion based
on included studies, and future study should aim to assess
the effects of single or combined treatments for different
subtypes of neurogenic bladder, especially with combined
sphincter disorder. In addition, only a few studies illustrated
the long-term outcomes of this therapy. Furthermore, only
three RCTs were included; more well-designed RCT trials
should be conducted to confirm our findings.

Conclusions

Meta-analysis revealed that intravesical oxybutynin was a
potential treatment for both adult and pediatric patients with
neurogenic detrusor overactivity who were intolerable to
oral drugs or withdrew because of serious side effects. Gen-
erally, this treatment improves mean detrusor compliance,
decreases MBC and pressure at MBC, and improves incon-
tinence. So far there is no sufficient evidence that intravesi-
cal oxybutynin treatment may have advantages over other
treatments including BTX-A injection, other anticholiner-
gic drugs or surgery for patients with neurogenic detrusor

overactivity. However, it is undeniably that intravesical oxy-
butynin therapy is well studied, cheap, and easily accessi-
ble, and it could be a feasible treatment for both adults and
children. In the future, high-quality trials that include valid-
ity index and overall UDS parameters should be conducted
to confirm our findings. Meanwhile, age-related parameters
should be used to evaluate the therapeutic effect of intravesi-
cal oxybutynin between adults and children.
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