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Abstract

Background To present a comprehensive experi-
ence of botulinum toxin A (BTX-A) injected into the
detrusor muscle in patients with spinal cord injuries
(SCI) causing neurogenic detrusor overactivity.
Methods Three hundred units of BTX-A were
injected cystoscopically into the detrusor muscle of
108 patients with neurogenic detrusor overactivity
secondary to SCI at 30 different locations. Evaluations
were performed before the injections and 6 weeks
after, and they included determination of bladder
urinary continence status, frequency/volume chart of
CIC, concomitant anticholinergic medication use,
Incontinence Quality of Life questionnaire (I-QOL)
and patient satisfaction. Key urodynamic parameters
(reflex volume, maximum detrusor pressure during
voiding, detrusor compliance and maximum cysto-
metric capacity) were analyzed at the outset and during
the follow-up (6, 12 and 36 weeks) examinations.
Results By the time of the urodynamic follow-up
examinations (6, 12 and 36 weeks), the mean cysto-
metric capacity (P < 0.05) and the mean reflex volume
(P < 0.05) increased significantly, while the mean
voiding pressure (P < 0.05) decreased significantly.
No complications or side effects were reported. Most
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patients considerably reduced or even stopped taking
anticholinergic drugs and were satisfied with the
treatment.

Conclusions This retrospective study indicates that
BTX-A injections into the detrusor muscle to treat
neurogenic detrusor overactivity secondary to SCI are
safe and valuable. Significant improvement of bladder
function corresponded with continence and subjective
satisfaction indicated by the treated patients.
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Introduction

Spinal cord injury (SCI) results from a variety of
traumatic and non-traumatic events with an annual
incidence of up to 40 cases per million people [1].
Prevention of upper urinary tract damage and renal
failure is the ultimate goal of any urological treatment,
but urinary incontinence in a young paraplegic with
suprasacral SCI associated with neurogenic detrusor
overactivity (NDO) can greatly reduce quality of life.

Currently, clean intermittent catheterization (CIC)
combined with anticholinergic medication is the
“gold standard” treatment for NDO. In fact, 90% of
patients with neurogenic bladder dysfunction can be
treated effectively with anticholinergic medication

@ Springer



656

Int Urol Nephrol (2011) 43:655-662

and CIC [2]. However, detrusor overactivity recurs
immediately after withdrawal of medication, even
after long-term treatment with anticholinergic med-
ication. This implies that there are no long-lasting
therapeutic effects of pharmacological treatments.
Thus, patients with NDO must be permanently
treated with anticholinergic medications and face
lifelong side effects unless an alternative treatment is
found.

A relatively new alternative treatment, injection of
botulinum toxin A (BTX-A) into the detrusor muscle,
was first reported by Schurch et al. [3] in adult
patients with neurogenic bladder hyperreflexia due to
SCIL.

BTX-A is a neurotoxin produced by Clostridium
botulinum, which causes botulism and is the most
potent natural poison. The neurotoxin binds to the pre-
synaptic nerve endings of cholinergic neurons and
enters the neuron by receptor-mediated endocytosis.
In the neuron, the catalytic domain specifically
cleaves the SNAP-25 protein, which is essential for
normal synaptic vesicle fusion. This cleavage results
in the inhibition of neuronal acetylcholine secretion,
which ultimately leads to a temporary chemodener-
vation and the loss or reduction of neuronal activity at
the target organs [4]. In general, this chemodenerva-
tion is fully reversible [5]. Recently, injection of
BTX-A into the detrusor smooth muscle to treat
detrusor overactivity and neurogenic incontinence has
been proven to be effective [3, 6]. This minimally
invasive procedure offers a new therapeutic option to
patients who are resistant to or incompatible with
anticholinergic drug therapy and surgical procedures
such as enterocystoplasty. This study summarizes the
experience of a center in China with injection of BTX-
A(Lanzhou Institute of Biological Products, China)
into the detrusor muscle to manage NDO in patients
secondary to traumatic SCI. It has been concluded
before that Chinese BTX-A and Allergan’s Botox
have similar efficacy, safety, tolerability profiles and
equivalence of doses for blepharospasm and hemifa-
cial spasm treatments [7, 8].

Patients and methods
Between September 2002 and August 2009, we treated

108 patients (81 males and 27 females) with NDO
secondary to traumatic SCI who experienced
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unacceptable side effects or were resistant to anticho-
linergic medication (Table 1). SCI was diagnosed
accord-

ing to ASIA standards [9]. The patients received
BTX-A injections in conjunction with CIC to treat
neurogenic lower and upper urinary tract dysfunction
(detrusor overactivity, low compliance, reduced blad-
der capacity, incontinence and upper urinary dilation).
Detrusor overactivity was diagnosed urodynamically.
Incontinence was defined as any episode of urinary
voiding between two CICs and was quantified with an
absorbent pad.

All eligible patients gave informed consent before
starting the treatment program. Before the BTX-A
injections and 6 weeks after, patients were asked to
keep a diary on incontinence, diuresis, CIC timing and
the amount of anticholinergic medication during
tapering. The urodynamic evaluation was performed
at the outset and during the follow-up(6, 12 and 36
weeks) examinations, and variables were defined
according to standards recommended by the Interna-
tional Continence Society(ICS) [10]. During the
urodynamic assessments, special attention was given
to the following key parameters: (1) the reflex volume
(RV), which was defined as the infused volume at the
start of the first reflex detrusor contraction during the
filling phase, (2) the maximum detrusor pressure
during voiding (MVP), (3) the bladder compliance,
which was defined as the relationship between the
change in bladder volume and the change in detrusor
pressure (calculated by dividing the volume change by

Table 1 The patients’ characteristics

Variable N
Number of patients 108
Male/female 81727
Mean(range)age,years 40.1(16-78)
Level of injury

Cervical 29

Thoracic 58

Lumbar 21
Nature of injury

Complete 85

Incomplete 23
Pre-operative treatment

Tolterodine 80

No medication 28
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the change in detrusor pressure during the change in
bladder volume) and (4) the maximum cystometric
capacity (MCC), which was defined as the infused
volume during involuntary voiding or the volume at
the time that the investigator decided to stop filling
(usually at 500 ml).

All patients were asked to complete the Inconti-
nence Quality of Life Questionnaire (I-QOL) [11]
before and 6 weeks after the injections. The ques-
tionnaire was a 22-item, domain-specific, validated,
self-report test that detected changes in the self-
perceived severity of incontinence. The QoL index
was expressed as a score ranging from 0 (poor self-
perceived QoL due to incontinence) to 100 (incon-
tinence does not negatively affect QoL).

Patient satisfaction after BTX-A injection was
rated on a scale from 1 to 10 (1 was defined as “not
satisfled” and 10 was defined as “very satisfied”)
[12].

BTX-A injections were performed with a normal
22 FF rigid cystoscope and a flexible injection needle.
Three hundred units of BTX-A diluted in 15 ml
saline were injected into the detrusor muscle at 30
different sites (10 units of the toxin in 0.5 ml saline
per site). Care was taken to avoid the trigonum.
Clinical and urodynamic data from the follow-up
examinations were analyzed. The urodynamic param-
eters RV, MVP, detrusor compliance and MCC were
measured at the follow-up assessment(6, 12 and
36 months) and compared to the baseline values.
Patient satisfaction was also recorded.

Data are expressed as the mean (range). Paired
t-tests (RV, MVP, and MCC) and chi-square tests
(incontinence between CIC) were used for statistical
comparisons considering P < 0.05 to indicate statis-
tical significance.

We certify that all applicable institutional and
governmental regulations concerning the ethical use

of human volunteers were followed during the course
of this research.

Results

A total of 108 patients with NDO secondary to
traumatic SCI who experienced unacceptable side
effects or were resistant to anticholinergic medication
were treated with BTX-A injections. The patient
characteristics are shown in Table 1.

Clinical and urodynamic data from the urodynam-
ic examinations before and after detrusor BTX-A
injections were analyzed. The data are shown in
Table 2, Fig. 1.

Among the 80 patients who were incontinent
before the BTX-A injections, 51 (63.75%) were
continent at the follow-up examination 6 weeks after
the injections. In 29 (36.25%) patients who were still
incontinent after the BTX-A injections, 23 (28.75%)
experienced a reduced degree of urinary incontinence
and another 6 (7.5%) did not respond to BTX-A.

Before the BTX-A injections, 80 patients used
anticholinergic medications (Table 1); daily doses
ranged from 4-8 mg of tolterodine. After the BTX-A
injections, 43 (53.75%) of these patients stopped
taking anticholinergics. Another 28 (35%) patients
reduced their daily requirements: 12 patients reduced
their daily dose by 75%; 10 patients reduced their
dose by 50%; 6 patients reduced their dose by 25%
and 9 patients continued with the same dose levels
(Fig. 2).

The urodynamic parameters were measured at the
follow-up assessment(6, 12 and 36 months). MCC
increased from 125.55 +49.09 ml to 313.09 +
140.38 ml, 306.18 £ 132.32 ml and 140.00 £ 58.22
ml, respectively. MVP decreased from 53.27 4+ 19.82
cm H,01t039.36 + 22.74 cm H,0, 40.00 £ 21.56 cm

Table 2 Clinical data before and 6 weeks after detrusor BTX-A injections

Pre-operative Post-operative P
Clinical parameters
Mean number of catheterizations/24 h 6.43 + 1.07 423 + 0.68 0.000
Mean urine volume per catheterization (ml) 204.15 £ 74.78 371.08 £ 103.01 0.000
Incontinence between CIC
Yes 80 (74.07%) 29 (26.85%) 0.000
No 28 (25.93%) 79 (73.15%)
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H,O, and 49.27 4+ 17.97 cm H,O0, respectively. RV
increased from 5791 +29.75 ml to 128.64 &+
77.22 ml, 126.09 £ 73.98 ml and 63.09 + 31.17 ml,
respectively. The bladder compliance increased from
11.52 £ 7.80 ml/cm H,O to 16.74 + 10.37 ml/cm
H,0, 16.31 £ 10.38 ml/cm H,O and 12.13 + 7.88
ml/cm H,O, respectively.

After treatment, the mean QoL index increased
from 23.4 4 19.6 initially to 78.7 4+ 23.6 6 weeks
after injection (P < 0.001). Most patients were either
satisfied or very satisfied with their overall experience
with BTX-A (Fig. 3). The mean patient satisfaction
score was 6.4. No side effects of BTX-A were
reported in our study.

In our study, 19 patients were treated with repeated
BTX-A injections including 11 patients who received
2 injections, 6 patients who received 3 injections and
2 patients who received 5 injections. The results for
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Bladder compliance

the urodynamic outcome measurements after 6 weeks
post-injections 1, 2 and 3 were given in Table 3. RV,
MCC and MVP improved significantly after each
BTX-A treatment compared to the baseline values.

Discussion

The physiologic alterations that accompany spinal
cord injury (SCI), myelomeningocele (MMC) or
multiple sclerosis (MS) can lead to significant bladder
dysfunction. These disturbances are known to have a
major impact on overall morbidity and quality of life.
In the majority of SCI, MMC and MS patients,
bladder dysfunction is categorized as upper motor
neuron (UMN) dysfunction. UMN syndrome presents
as a disruption of the descending pathways, which
provide inhibitory input to the sacral micturition
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Fig. 3 Overall patient satisfaction with BTX-A injections
(108 patients). Satisfaction score: / Not satisfied, 5 Satisfied,
10 Very satisfied

center. The loss of supraspinal control leads to
involuntary, reflexive bladder contractions and fre-
quently results in neurogenic incontinence. Addition-
ally, in most cases, an impaired coordination of the
detrusor and sphincter system (detrusor sphincter
dyssynergia (DSD)) can result in elevated bladder
pressure during micturition, which leads to structural
bladder damage, vesicoureteral reflux and renal
insufficiency. Management strategies for UMN syn-
drome should meet three main objectives: low-
pressure urine storage, low-pressure voiding and
adequate urine drainage. However, from the patient’s
point of view, the most important goals are conti-
nence and good tolerability of the therapy [13].

Table 3 Analysis of detrusor compliance, bladder capacity
and detrusor pressure before and after the first, second and third
BTX-A injections

Variable N Mean (£SD)

Mean reflex volume (ml)

Before BTX 19 83.00 (£+87.26)
After 1 19 149.90 (£80.40)*
After 2 19 154.90 (£74.49)*
After 3 8 145.80 (£78.29)*
Maximum detrusor pressure, cmH,O
Before BTX 19 56.40 (£23.77)
After 1 19 39.60 (£18.67)*
After 2 19 40.00 (£16.68)*
After 3 8 38.40 (£17.39)*
Capacity (ml)
Before BTX 19 172.30 (£110.91)
After 1 19 337.70 (£69.45)*
After 2 19 342.30 (£70.77)*
After 3 8 338.30 (£67.40)*
Compliance ml/cm H,O
Before BTX 19 12.52 (£8.80)
After 1 19 18.42 (£10.25)*
After 2 19 17.95 (£10.17)*
After 3 8 17.13 (£9.86)*

* <0.05 vs. before injection, paired #-test

The management of neurogenic bladder dysfunc-
tion has undergone many changes over the past
25 years. The gold standard for treating neurological
bladder dysfunction has been anticholinergic medi-
cations, such as Tolterodine, and CIC. More than
90% of standard patients with SCI can be treated
successfully with anticholinergic medications and
CIC. However, in patients with severe hyperreflexia
of the detrusor and/or DSD, anticholinergic medica-
tions are not sufficient. Furthermore, anticholinergic
medications exhibit inherent dose-dependent side
effects and, thus, might not be tolerated. The lack
of efficacy, the presence of side effects and the poor
compliance are the main reasons for considering
alternative treatment options [1].

Previously, the only alternative in these cases was
invasive surgery, such as sacral root stimulation or
bladder augmentation. As an alternative to oral
anticholinergic medication, the injection of BTX-A
into the detrusor muscle has been suggested for
patients who are incompatible with anticholinergic
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drug therapy prior to surgeries such as enterocystopl-
asty [13].

Intradetrusor injection of BTX-A was first
described by Stohrer et al. [6] at the ICS meeting in
1999, followed by Schurch et al. [3] in 2000, who
described a treatment option for patients who did not
respond to or could not tolerate anticholinergic
medications but were opposed to invasive surgical
treatments such as enterocystoplasty. The report
represented a milestone in the management of drug-
resistant NDO. Recently, the largest study ever in this
relatively new field was published by Reitz et al. In
this report [13], the results of a multicenter study of
200 patients strongly supported the overwhelming
benefits of BTX-A detrusor injections in neurogenic
patients.

The first trials with BTX-A indicated promising
results concerning the clinical and urodynamic ben-
efits of this new treatment option. The neurotoxin
injected into the bladder wall blocked the neuromus-
cular junction and relaxed the detrusor muscle for at
least 36 weeks [3]. Highly efficient binding of the
neurotoxin to the intramuscular nerve terminals may
prevent passage into the circulatory system and any
subsequent systemic side effects. The suburothelial
injection of BTX not only had an effect on motor
function, but it also affected the sensory function of
the urinary bladder by restoring both the levels and
the ratios of ATP and NO released from the
urothelium [14].

This report presents the data of 108 patients treated
with BTX-A and is the first study of its kind in China.
In patients with NDO secondary to traumatic SCI,
high bladder pressure frequently leads to structural
bladder damage with restricted capacity and compli-
ance. In these difficult cases, BTX-A was injected
into the detrusor muscle. Injection of BTX-A was a
simple and safe procedure without any complications
or adverse effects. A dose titration study of the
population studied in 2000 revealed that 300 units
of BTX-A diluted in 30 ml of saline solution and
injected at 30 locations within the detrusor muscle
were sufficient to treat even severe NDO [3].

The trigonum was not injected, and no injections
were made near the ureteric orifice in order to avoid
damage to the upper urinary tract. It was determined
by several major considerations. The submucosal
nerve plexus, which is thought to be mainly sensory,
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is particularly prominent in the trigonum [15], and
inserting a needle into this area risks impairing
sensory nerve endings. Also, trigonal innervation is
more complex than bladder dome innervation. The
superficial and deep trigonum appears to be inner-
vated by adrenergic, cholinergic and non-adrenergic
non-cholinergic excitatory pathways [16]. Therefore,
the effect of BTX-A, which selectively blocks the
release of acetylcholine, would have been more
difficult to analyze.

Forty-three of the 80 patients in the present study
had previously used oral anticholinergics and they
completely discontinued the medication after treat-
ment with BTX-A. In the remaining 37 patients, 28
considerably reduced their intake of oral anticholin-
ergics, which ended or alleviated systemic side effects
related to the drugs. However, the reason that these
patients needed to continue taking anticholinergic
medications at all was unclear. From the urologist’s
point of view, the objective improvement of bladder
function as indicated by the urodynamic data sup-
ported the patients’ reports of partially or completely
improved continence. For protection of bladder
integrity and the upper urinary tract, low-pressure
storage and low-pressure voiding were essential.

The relaxation of the detrusor muscle induced by
BTX-A injections significantly increased reflex vol-
ume and bladder capacity after 6 weeks. This enabled
patients to reduce the number of CIC within a 24-h
period and improved patients’ quality of life. High
voiding pressures, which may cause severe long-term
complications, were significantly reduced to normal
values after 6 weeks. Follow-up was 36 weeks, and
the effect of BTX-A seemed to vanish gradually after
that time. So this chemodenervation is fully reversible.

In the studied population, 6 out of 108 patients were
identified as non-responders who experienced neither
clinical nor urodynamic benefits. The reason that these
patients did not respond was unclear; however, errors
during toxin preparation and dilution could have
contributed. Also, the ideal dose and dilution of BTX-A
remain controversial. Some patients with severe
restrictions in bladder compliance due to changes in
the detrusor muscle or fibrosis did not respond to any
conservative treatments (anticholinergic medication,
intradetrusor injection with BTX-A, or neuromodula-
tion). Another very important issue affecting efficacy
is the injection technique [17]. Lately, we have
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preferred the suburothelial technique because it seems
to be more effective and safer, and after comparing
2 recent studies, suburothelial injection seemed to be
more effective than the intramuscular technique
[18, 19]. The injection of BTX-A into the suburothe-
lial space results in ballooning of the bladder mucosa
at the injection site as a form of visual feedback.

The beneficial effects that were observed in the
102 responders were related to clinical as well as
urodynamic parameters. From the patients’ point of
view, continence and a good tolerability of the
BTX-A treatment are essential because of their major
impact on patient compliance and quality of life.
Urodynamically, most patients achieved a state of
low-pressure urine storage, low-pressure voiding and
adequate urine drainage in combination with CIC.

The wvalidity and responsiveness of the I-QOL
questionnaire used in our study were previously
confirmed in patients with neurogenic diseases [20].
The questionnaire was domain-specific for urinary
incontinence, and the results indicated a dramatic
improvement. Overall, most of the patients in the
present study were satisfied with the BTX-A treat-
ment with an average satisfaction score of 6.4. This
value is comparable to previously published articles
[12, 21]. Therefore, we are convinced that the
injection of BTX-A into the detrusor muscle com-
bined with CIC offers an adequate management
option for patients with incontinence due to NDO
secondary to traumatic SCI.

In this study, we also evaluated the efficacy and
safety of BTX-A after repeated injections. Previous
studies [22, 23] showed that repeated BTX-A injec-
tions were effective in patients with difficult-to-treat
NDO. One potential problem with repeated adminis-
tration of BTX-A is the formation of neutralizing
antibodies (NAB) to the toxin, which diminish the
treatment effects after repeated injections [24].
However, the lack of tachyphylaxis in our study
and in the other published repeated dose studies
[22, 23] suggests that NAB formation is not a serious
problem. Risk factors for the formation of NAB are a
high BTX-A dose and short injection intervals [25].
For the detrusor, relatively long injection intervals are
important in reducing the risk of NAB formation.

There were limitations to this study. Only a few of
the patients received repeated BTX-A injections, so
we were unable to observe the effects of repeated
injections on a large scale.

Conclusion

This retrospective study summarizes our experiences
with injection of BTX-A into the detrusor muscle to
treat neurogenic incontinence due to detrusor over-
activity secondary to SCI and confirms that this new
approach is a safe and valuable therapy without side
effects. Significant improved bladder function corre-
sponded with continence and subjective satisfaction
as indicated by the treated patients.
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