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Abstract
Objectives: Children with neurogenic hyper-reflexive bladder in whom classical therapy with anticholinergic drugs
and intermittent catheterization fails are threatened by high intravesical pressure, vesicoureteral reflux, and impairment
of kidney function. Surgery, such as bladder augmentation, is often necessary in such cases. To obviate surgery in these
high-risk children, we investigated the use of detrusor injection of botulinum-A toxin (Botox1).
Methods: Our subjects were 20 children with hyper-reflexive detrusor muscle and high bladder pressure, over
40 cmH2O despite anticholinergic therapy. After baseline urodynamic measurements, we injected botulinum-A
toxin into the detrusor muscle at 30–50 sites at 12 U/kg of body weight up to a maximum of 300 U. Follow-up
cystometric measurements were taken two to four weeks and three and six months after injection.
Results: From basic measurements to follow-up cystometry, mean reflex volume changed from 97.1 ml before
injection to 178.6 ml after four weeks ( p < 0:01) and to 162.8 ml after three months ( p < 0:01). After six months
mean reflex volume returned to 119.3 ml (n.s.). Maximal bladder capacity changed from 163.1 ml to 219.9 ml
( p < 0:01), to 200.6 ml ( p < 0:01) and to 222.4 ml ( p < 0:01), respectively, and maximal detrusor pressure
changed from 59.6 cmH2O to 34.9 cmH2O (p < 0:01), to 46.7 cmH2O (n.s.) and to 61.8 cmH2O (n.s.), respectively.
Conclusion: Botulinum-A toxin (Botox1) is effective when injected into the hyper-reflexive detrusor muscle. It is a
valuable treatment option in the management of neurogenic bladder. The effect lasts about six months, and then
reinjection is necessary.
# 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Botulinum toxins are neurotoxins produced by the
facultative anaerobe Clostridium botulinum that block
the release of acetylcholine into the synaptic gap of the
neuromuscular junction. Their injection near the
nerves that supply the target organ selectively and
temporarily paralyzes the organ [1,2]. In particular,
the subtype botulinum-A toxin is widely used in neu-

rology to release spastic dystonia in adults [3] and
children [4]. In urologic disorders, botulinum-A toxin
reliably diminishes external sphincter [5,6] or detrusor
[7] overactivity.

Children who have neurogenic bladder are classically
treated with anticholinergic drugs, such as oxybutynin,
and intermittent catheterization four or five times per
day [8]. If that therapy fails, the children are threatened
by high intravesical pressure, vesicoureteral reflux, and,
in the worst cases, damage to kidney function. To avoid
surgical procedures, such as bladder augmentation, in
this group of high-risk patients, we investigated the use
of injection of botulinum-A toxin into the bladder to
relieve hyper-reflexive detrusor contraction.
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2. Patients andmethods

We present data on 20 children (11 boys and 9 girls; average age,
12.2 years; median age, 11.4 years) who had neurogenic bladder.
The cause of their bladder dysfunction was myelomeningocele in
16 cases, intraspinal astrocytoma in 2, trauma in 1, and unknown in
1. Functionally, all the neurogenic bladders were of the upper-
motor-neuron lesion type with hyper-reflexive detrusor muscle with
accompanying detrusor-sphincter-dyssynergia. All the children
except one emptied the bladder with intermittent catheterization.
To screen changes in continence before and after injection
therapy, we introduced a scale (0–3) for recording incontinence:
0 ¼ completely dry; 1 ¼ wet only once a day, usually at night;
2 ¼ wet less than 50% of episodes between catheterizations; and
3 ¼ wet more than 50% of episodes between catheterizations. To
be included, children had to be 1–16 years old, have neurogenic
bladder and detrusor hyper-reflexia, react insufficiently to antic-
holinergic drugs and have vesical pressure greater than 40 cmH2O,

Fig. 1. Injection of the botulinum-A toxin into hypertrophic trabeculars of

a hyper-reflexive bladder. The toxin is injected transmurally while the

needle is pulled out slowly.

Fig. 2. Urodynamic registrations in a seven-year-old boy before (a) and four weeks after (b) injection of 300 U botulinum-A toxin (Botox1) into the hyper-

reflexive detrusor muscle. Grey arrow in (a) marks filling volume when bladder contraction occurs (44 ml); filling volume in (b) was 198 ml, without any

uninhibited bladder contraction. The step in the vesical-detrusor line in (b) (marked by arrow) happened artificially. Pabd ¼ abdominal pressure; Pves ¼ vesical

pressure; Pdet ¼ detrusor pressure; Vin ¼ filling volume.
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or be intolerant to anticholinergic medication. The ethics commit-
tee of the Free University of Berlin approved the study.

We have described the pre-intervention and post-intervention
procedures in detail before [9] and repeat them here only briefly.
After they were included in our study, anticholinergic therapy was
stopped in the first 13 children because we had no experience with the
use of the toxin; meanwhile, as we became more experienced and felt
safer with this new therapy, we left the last seven patients on
anticholinergics and regarded the botulinum-A toxin injection as
combination therapy; the rest of the procedure was exactly the same.
We used video-urodynamics before injection to record baseline
reflex volume (the bladder volume when the first contraction occurs),
number of uninhibited bladder contractions greater 10 cmH2O,
maximal bladder pressure, bladder capacity, and bladder compliance
(registered from zero to two-thirds of bladder capacity).

Using cystoscopy, we injected botulinum-A toxin transmurally
into the detrusor muscle at 30–50 sites with a 6 Fr injection needle
(Wolf1 endoscopes, Germany) (Fig. 1), sparing the trigone to avoid
the possibility of iatrogenic vesicoureteral reflux. We used Botox1

(AllerganTM [USA]/Merz1 [Germany]) in a dosage of 12 U/kg of
body weight up to a total of 300 U. The toxin was diluted in 15–20 ml
of normal saline, and each injection contained 0.3–0.5 ml. For this

procedure, ketamine-midazolam anesthesia was necessary in the
young patients because of children’s anxiety, but not in the older
ones (unless bladder sensitivity was intact). A catheter was inserted
for 1 day at most, and patients were discharged from the hospital the
next day.

The patients were followed up urodynamically two to four weeks
and three and six months after injection. The Wilcoxon pair-differ-
ence test (one-sided) was used for statistical analyses, and p < 0:01
was regarded as significant (n:s: ¼ not significant). We present
values as means � S.E.M. (standard error of the means).

3. Results

Urodynamic follow-up was performed in all children.
All urodynamic measures improved significantly after
two to four weeks, and the effect was still significant
after three months, whereas it vanished gradually after
six months (Figs. 2 and 3, Table 1). The incontinence
score was reduced from 2:4 � 0:18 before injection to

Fig. 3. Relative changes in reflex volume, maximal detrusor pressure, and bladder capacity before injection of botulinum-A toxin (100%, green column) and

four weeks (orange column), three months (blue column), and six months (purple column) after injection of botulinum-A toxin, respectively, in eight children

for whom six-month follow-up measurements are available.

Table 1
Urodynamic changes after botulinum-A toxin detrusor injection

Reflex volume (ml) Number of unhibited

detrusor waves (n)

Maximal detrusor

pressure (cmH2O)

Bladder capacity (ml) Compliance (ml/cmH2O)

Before BTX-injection

(n ¼ 20)

97.13 � 17.18 (9–258) 4.75 � 0.62 (1–10) 59.60 � 7.04 (19–149) 163.05 � 20.88 (58–394) 15.76 � 5.22 (1–42)

Four weeks (28.4 days)

after BTX-injection

(n ¼ 14)

178.56* � 29.91 (39–310) 1.55* � 0.51 (0–4) 34.93* � 5.48 (7–86) 219.85* � 30.08 (60–402) 50.90* � 14.23 (1.3–100)

Three months (82.4 days)

after BTX-injection

(n ¼ 15)

162.82* � 28.17 (52–315) 1.36* � 0.45 (0–5) 46.67a � 8.73 (10–126) 200.60* � 24.26 (85–350) 24.87a � 8.67 (1.42–101)

Six months (186.6 days)

after BTX-injection

(n ¼ 8)

119.33a � 23.83 (48–175) 2.40a � 0.81 (0–4) 61.75a � 8.02 (25–98) 222.38* � 37.33 (80–366) 14.08a � 5.16 (1.33–40)

Values in means � S.E.M., range in parentheses.
a

Not significant.
* p < 0:01 (significant).
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1:1 � 0:26 (a decrease of 54%) and 1:7 � 0:32 (29%)
after two to four weeks and three months, respectively
(n.s.). Urinary tract infection occurred four times, but
there were no serious side effects like weakness of the
respiratory muscles or further paresis of the extremities,
nor were there complaints about dry mouth or dyspha-
gia. One boy with known epilepsy had an attack some
days after injection. That had been a problem before
injection therapy, and the botulinum toxin injection had
been postponed until his epilepsy medication was opti-
mized. A connection between the botulinum toxin and
the attack cannot be excluded definitively.

4. Comment

The classical management of children who have
neurogenic bladder consists of intermittent catheteriza-
tion four or five times per day and the administration of
anticholinergic drugs, whose prophylactic and thera-
peutic value is uncontestable [8,10]. We focused in our
study on a collection of patients whose reaction to that
therapy was insufficient, as is known to happen in about
8–12% of cases [11,12]. Such patients are threatened by
high intravesical pressure due to detrusor hyper-reflexia
or to a thick and stiff bladder wall at low bladder filling
(‘‘low-compliance bladder’’) [13], which in the worst
cases results in upper urinary tract deterioration; surgical
procedures, such as augmentation cystoplasty, have up
to now often been unavoidable.

The use of botulinum-A toxin in urologic disorders is
not new. Among the first to apply it in neurourology were
Dykstra and Sidi [5]: they reported substantial release of
external sphincter spasm with less postvoiding residual
volume after injection of botulinum-A toxin in patients
with detrusor-sphincter-dyssynergia due to spinal-cord
injury. Schurch et al. [7], in a recent study, treated adult
patients after spinal-cord injury, but they injected it into
the hyper-reflexive detrusor muscle as an alternative or
addition to anticholinergics. Their results were promis-
ing: mean reflex volume, maximal cystometric bladder
capacity, and bladder compliance improved signifi-
cantly—by 93%, 62.5%, and 94%, respectively. The
former study [5] reported a duration of the paralyzing
effect on the sphincter muscle of two to three months,
but the latter one, in sharp contrast, of nine months [7].

In our group of 20 children who had neurogenic
bladder, two to four weeks after injection of botuli-
num-A toxin into the detrusor muscle we found
increases in reflex volume and bladder capacity of
84% and 35%, respectively and a decrease in bladder
pressure of 41%. Correspondingly, the children became
more dry, as expressed by a reduction of the inconti-

nence score to 54%. There were no side effects at all such
as dry mouth, dysphagia, general muscle weakness, or
even weakness of the respiratory muscles—although
side effects have been described after injection of botu-
linum toxin into the detrusor muscle [14]. Our findings
suggest that botulinum-A toxin in the dosage mentioned
is safe, as is consistent with the results of Bakheit et al.
[15] in children. The duration of the effect was less than
that reported by Schurch et al. Why? Two reasons
suggest themselves. Our inclusion criteria might have
led to a negatively selected and difficult-to-treat patient
group, that is, patients whose only alternative was a
surgical procedure. And it might be that the anticholi-
nergic nerve system of the urinary bladder—the site of
action of the neurotoxin—in children who have mye-
lomeningocele was less developed at birth. Shapiro et al.
[16] described a decreased peripheral nerve density in
smooth muscle in children who had myelomeningocele,
in contrast with adult patients who have spinal-cord
injury, in whom the nervous system had been developed
decades before.

With regard to the applicability of this therapy, it
probably differs between two types of neurogenic detru-
sor muscles: the active and hyper-reflexive and the
passive and stiff (as in the ‘‘low-compliance bladder’’).
We tended to see differences in the effect of botulinum-
A toxin that appear conclusive: the more an active
component was present, the better the effect. In other
words, a completely stiff bladder without any active
component is unlikely to react sufficiently to the toxin.

4.1. Outlook
There are different types of botulinum toxins. Type A

is the main one used, followed by type B. Type A is
widely used in the therapy of dystonia in adults [3] and
children [17], in whom it is injected into striated muscle.
In the therapy of vegetative disorders, such as focal
hyper-hidrosis, very good results can be achieved with
type B (MyoblocTM [USA], Neurobloc1 [Europe]) [18].
The question arises whether the type B might generally
be more effective in vegetatively innervated organ sys-
tems, such as the urinary bladder. Another interesting
aspect is the possibility of increasing the duration of the
paralytic effect by combining botulinum-A and botuli-
num-B toxins, as shown by Meyer et al. [19] in mice.
Both questions should be the subjects of further studies.
With respect to the continuing effect of repeated injec-
tions into the bladder wall, experience with this therapy
is still small, of course. It is hoped that the effect of
botulinum-A toxin will persist after repeated injections,
as convincingly shown by Gordon et al. [20].

Last but not the least, it should be mentioned that
injection of botulinum-A toxin is an expensive therapy.
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Three vials of Botox1 cost about s 750 (Germany),
and financial aspects might become the curtailing
factor of this therapy in times of tight money.

5. Conclusion

Botulinum-A toxin is very effective in the treat-
ment of children who have hyper-reflexive detrusor

muscle. Such important urodynamic measures as
detrusor pressure, bladder compliance, and bladder
capacity improve substantially. Botulinum-A toxin
is tolerated well. Whether or not this therapy is
able to avoid or delay surgery in critical cases must
be subject of longer follow-up studies. For now, this
therapy is to be recommended as a second-line or
additional option in children in whom anticholiner-
gics alone fail.
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