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Abstract

Introduction and Objectives. The neurogenic detrusor overactivity (NDO) represents the pathology in which the 
bladder detrusor overactivity can be caused by a series of neurological conditions. The burden of NDO is not all 
neglectable, impairing the patients’ quality of life. Currently there is no optimal medical therapy to relieve all the 
neuro-urological symptoms available. Even if antimuscarinic agents have been used for many years with good clinical 
and urodynamic response, there is still limited data for tailoring the perfect antimuscarinic treatment for individual 
patients with NDO. High doses or combination of anticholinergics are recommended for maximizing the outcome in 
neurological patients, still, the incidence of adverse events is the major factor for therapy discontinuation. For patients 
who abort anticholinergic drugs or for unresponsive patients or for patients unwilling to assume the side effects, oth-
er types of treatments should be regarded. In recent years, Onabotulinumtoxin A has emerged as the most effective 
minimally invasive treatment to reduce NDO, therefore an efficient treatment alternative.

Materials and Methods. The aim of this prospective study performed on 15 patients was to assess the efficacy of 
botulinum toxin A intradetrusor injections for the treatment of NDO. Intradetrusor injections with Onabotulinumtox-
in A 200 U were performed through a minimally invasive flexible cystoscopy technique, under general intravenous 
anesthesia. Urodynamic studies were performed at baseline and 3 months after injecting the botulinum toxin. Uro-
dynamic parameters like reflex volume (RV), maximum cystometric capacity (MCC) and maximum detrusor pressure 
(MDP) were assessed. The number of incontinence episodes and the score of quality of life questionnaires were also 
analyzed at baseline and 3 months after the injection.

Results. Mean age for the study group was 48,73 years old, most of the patients presented with spinal cord injury or 
multiple sclerosis. RV increased in most of the cases with an average of 49.26 ml (42.84%). MCC presented an overall 
average increase of 69.93 ml (57.32%). MDP showed an average decrease of 12.15 cm H2O, accounting for 22.93%. 
Incontinence episodes were reduced with 66.66% compared to baseline. On the Overactive Bladder Perception Score 
an average decrease of 0.73 (12.5%) was recorded, while on The VAS QoL an average decrease of 1.93 points (22.52%) 
was noted. No major adverse events were recorded.

Conclusions. Botulinum toxin A intradetrusor injection can be a feasible minimally invasive treatment for patients 
with neurogenic detrusor overactivity not only for patients who are non-responsive or who fail to tolerate anticholin-
ergic medication, with possible low rates of adverse events that lead to discontinuation.

Key-words: maximum cystometric capacity, maximum detrusor pressure, neurogenic detrusor overactivity, Onabot-
ulinumtoxin A, quality of life, reflex volume, urinary incontinence. 
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Introduction and Objectives
Ever since the International Continence Society (ICS) 

has standardized the definitions of the lower urinary 
tract dysfunctions in 2002, the overactive bladder (OAB) 
represents a symptom syndrome characterized by ur-
gency with or without urinary incontinence, associated 
with increased urinary frequency and nocturia. If OAB 
appears in the setting of a neurologic pathology, it is 
classified as neurogenic OAB, otherwise, if no evidence 
of an underlying neurologic disorder exists, OAB is clas-
sified as idiopathic. While OAB is a clinical diagnosis, the 
detrusor overactivity (DO) is a paraclinical finding at the 
urodynamic testing, where the involuntary contractions 
of the detrusor appear usually during the filling phase 
of the bladder. Consequently, DO is usually classified as 
neurogenic – NDO or idiopathic – IDO [1]. NDO can be 
caused by a series of neurological conditions such as 
Parkinson’s disease (PD), spinal cord injury (SCI), multiple 
sclerosis (MS), spina bifida (SB), strokes or even Alzhei-
mer’s disease. The burden of NDO is not all neglectable. 
MS is estimated to have a median worldwide incidence 
of 2.5/100000 and a median prevalence 30/100000. 65% 
of the MS patients show signs of NDO, 51-80% of them 
report bladder dysfunction and half of them present 
with urinary incontinence caused by urgency. SCI ac-
knowledged an estimated incidence of 16/1000000 in 
Europe. About 80% of the SCI patients develop neuro-
genic lower urinary tract dysfunction, the prevalence of 
urge urinary incontinence being of about 50% [2, 3]. It is a 
very well-known fact that OAB significantly impairs the 
patients’ quality of life (QoL) and that, furthermore, pa-
tients with NDO are even more disadvantaged by their 
neurologic deficits. Moreover, the neurogenic bladder 
dysfunction can lead to renal failure by compromising 
the storage function of the bladder [4]. The upper urinary 
tract is at risk especially in patients who suffer from high 
pressure in their detrusor muscle during the filing phase. 
In patients who suffer from spinal cord injury and/or 
spina bifida, the risk of developing renal insufficiency 
is substantially higher compared to patients who pres-
ent with non-traumatic slowly progressive neurological 
affections, like multiple sclerosis or Parkinson’s disease 

[5, 6]. Renal failure is the next mortality factor for patients 
with SCI after the trauma itself [7, 8]. In treating patients 
with NDO, first concern should be to keep the detrusor 
pressure within safe limits during filling and voiding 
phase in order to reduce the mortality from urological 
causes in these patients [9, 10]. For patients who develop 
high detrusor pressure during the filling phase, meaning 
DO and low bladder compliance, the treatment should 

focus on the conversion of an overactive high-pressure 
bladder into a low-pressure one, not taking into con-
sideration the resulting residual urine. Reduction of the 
detrusor pressure will contribute to improving the uri-
nary continence, therefore improving the patients’ QoL. 
It will also help preventing urinary tract infections [11, 12]. 
The urological treatment for these NDO patients should 
have the following goals – protecting the upper urinary 
tract, achieving urinary continence, restoring the lower 
urinary tract function and improving the patients’ QoL, 
as primary goals and taking into consideration the pa-
tients’ disability and risk of complications, as secondary 
goal [11, 13]. 

In terms of treatment, currently there is no optimal 
medical therapy to relieve all the neuro-urological symp-
toms available. Most of the times, intermittent catheter-
ization together with the administration of antimusca-
rinic agents is the combination of choice in preventing 
urinary tract damage and improving long-term out-
comes, especially in SCI or MS patients [14, 15]. In 2017, 
the European Association of Urology still recommends 
in its guidelines the administration of antimuscarinics 
as first line medical treatment for NDO patients, due to 
their effect on increasing bladder capacity and reducing 
the episodes of urinary incontinence. Even if this line of 
treatment is used for many years and the clinical and 
urodynamic responses are well documented compared 
to placebo in a series of clinical trials, there is still limited 
data for tailoring the antimuscarinic treatment for indi-
vidual patients with NDO due to SCI. High doses or com-
bination of anticholinergics are recommended for max-
imizing the outcome in neurological patients, still, the 
incidence of adverse events is the major factor for ther-
apy discontinuation [16, 17]. For patients who discontinue 
or do not tolerate anticholinergic drugs due to their ad-
verse events or for those who are unresponsive to this 
type of treatment, other types of treatments should be 
regarded. After its FDA (Food and Drug Administration) 
approval back in 2011, the use of onabotulinum toxin A 
has emerged as an efficient alternative for the treatment 
of NDO patients. The intradetrusor injections with botu-
linum toxin A cause a reversible, long-lasting, chemical 
denervation for up to nine months. Furthermore, bot-
ulinum toxin A has proven its efficacy for patients with 
NDO due to MS or SCI in two phase III randomized con-
trolled trials [19, 20] and reinjections are allowed with-
out loss of efficacy. The most frequent side effects are 
urinary tract infections and an increase of the postvoid 
residue, therefore intermittent catheterisation may be-
come necessary. The severe adverse events are very rare, 
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consisting mainly of respiratory problems or generalized 
muscular weakness [19, 20, 21]. In 2017, the European 
Association of Urology recommend, with a level of evi-
dence of “1a” and an “A” grade of recommendation, the 
Botulinum toxin intradetrusor injection as the most ef-
fective minimally invasive treatment to reduce NDO in 
SCI or MS patients [16].

Materials And Methods 
The aim of this prospective study we have performed 

on 15 patients was to assess the e�cacy of botulinum 
toxin A intradetrusor injections for the treatment of 
NDO. Patients with detrusor overactivity diagnosed in 
the urodynamic study and with an underlying already 
diagnosed neurologic condition, mainly SCI and MS, 
were included in the study. The exclusion criteria were 
represented by the presence of positive urine culture, 
the presence of urinary lithiasis, the personal history of 
interstitial cystitis or urothelial tumors, and the use of 
oral anticoagulant therapy. At baseline, after the pre-
study work-up, patients completed a bladder diary and 
a standardized quality of life questionnaire. After signing 
the informed consent, patients received intradetrusor 
injections with Onabotulinumtoxin A 200 U dissolved in 

30 ml NaCl solution, in 30 sites across the bladder, spar-
ing the bladder trigone, through a minimally invasive 
�exible cystoscopy technique, under general intrave-
nous anesthesia. Urodynamic studies were performed at 
baseline and 3 months after injecting the botulinum tox-
in. Adverse events were also monitored. Urodynamic pa-
rameters like re�ex volume (RV), maximum cystometric 
capacity (MCC) and maximum detrusor pressure (MDP) 
were assessed. The number of incontinence episodes 
and the score of quality of life questionnaires were also 
analyzed at 3 months following the injection.

Results
The mean age of the study group was 48.73 years 

old, ranging from 28 to 67 years old. Most of the pa-
tients presented with SCI – seven patients, four patients 
with MS, one patient with arterio-venous medullar �s-
tula, one patient with Lyme disease, one patient with 
congenital myelomeningocele and one patient with 
lumbar disc hernia. Three months after injecting the 
Onabotulinumtoxin A, the urodynamic parameters like 
RV, MCC, MDP were re-assessed and, in most cases they 
were importantly improved. These parameters and 
their evolution are illustrated in the following table:

 Re�ex volume (RV) Maxium Cystometric Capacity (MCC) Maximum detrusor pressure (MDP) 
 (ml) (ml) (cm H2O)

Baseline 3 months Δ Baseline 3 months Δ Baseline 3 months Δ

115 214 + 99 164 451 + 287 44 38 - 6

170 185 + 15 202 246 + 44 95 70 - 25

74 206 + 132 91 335 + 244 54 25 - 29

210 314 + 104 225 319 + 94 23 16 - 7

180 163 - 17 197 185 - 12 53 96 + 43

190 115 - 75 224 148 - 76 32 23 - 9

136 112 - 24 197 372 + 175 27 28 - 1

407 401  - 6 436 401 - 35 33 28 - 5

103 273 + 170 121 305 + 184 15 10 - 5

421 434 + 13 457 475 + 18 10 9 - 1

170 268 + 98 379 281 - 98 58 24 - 34

480 482 + 2 499 510 + 11 18 4 - 14

306 236 - 70 416 246 - 170 55 49 - 6

128 421 + 293 325 408 + 83 14 12 - 2

75 80 + 5 155 455 + 300 22 7 - 15

Table 1 – Re�ex volume, maximum cystometric capacity and maximum detrusor pressure at baseline and 3 months after injection with the botulinum toxin.
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The re�ex volume (RV) increased in most of the cas-
es as shown in �gure 1. In 10 out of the 15 patients, 
the re�ex volume’s increase ranged between 15 and 
293 ml, with an average 80.96% improvement, while in 
the other �ve patients, the decrease of the RV ranged 
between 17 and 70 ml, with an average decrease of 
33.39%. The average increase for the study group was 
49.26 ml with an average increase of 42.84%. 

Figure 1 – Re�ex volume in the study group at 3 months after injection 
compared to baseline

The maximum cystometric capacity was observed 
to increase in 10 patients from our study group, with 
values ranging from 11 to 300 ml, with an average in-
crease of 144 ml (�gure 2), meaning 97.28%. In �ve of 
the studied patients, the MCC somehow decreased 
with 12 to 170 ml, with an average decrease of 78.2 
ml, with an average of 22.95%. The overall average in-
crease for the study group was 69.93 ml, representing 
an average of 57.32%. 

Figure 2 – Maximum cystometric capacity in the study group at 3 
months after injection compared to baseline

In what concerns the maximum detrusor pressure 
measured before and 3 months after the injection with 
Onabotulinumtoxin A, it can be observed that it was 
decreased in most of the studied patients. Only in one 
of the �ve patients the MDP increased with 43 cm H2O, 
representing about 81% out of the baseline MDP. The 
decrease ranged in the 1 - 34 interval, with an average 
decrease of 12.15 cm H2O, representing a 22.93 per-

cent. The global average decrease for the study group 
was 7.6 cm H2O, with a mean of 14.33%. The variation 
in MDP at 3 months compared to baseline is represent-
ed in �gure 3. 

Figure 3 – Maximum detrusor pressure variation in the study group at 3 
months after injection compared to baseline

Incontinence episodes were also evaluated at base-
line and at 3 months after the injection based on the 
data recorded in the patients’ bladder diary. At base-
line, all the patients were having at least 2 inconti-
nence episodes in the last two days, with a maximum 
of 23. At 3 months, 6 out of the 15 patients declared 
that they hadn’t encountered any incontinence ep-
isode in the last 2 days, with an average decrease of 
5.33 incontinence episodes, representing a global av-
erage decrease of 66.66% in incontinence, compared 
to baseline. The reduction of the incontinence epi-
sodes is represented in the next �gure:

Figure 4  
Incon-
tinence 
episodes at 
3 months 
after 
injection 
compared 
to baseline, 
according to 
the bladder 
diary

The quality of life was also assessed into the study 
group regarding the incontinence episodes using the 
Visual Analogue Scale (VAS) on the Quality of Life (QoL) 
and the Overactive Bladder Perception Score question-
naires, showing an important improvement compared 
to baseline. On the Overactive Bladder Perception 
Score an average decrease of 0.73 points was ob-
served, representing an overall 12.5% decrease, on an 
interval ranging from 0 to 60%, while on The VAS QoL 
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accounting for 22.52% overall decrease (Figure 5).

Figure 5 – OAB perception and VAS QoL questionnaires scores variation 
group at 3 months after injection compared to baseline

Discussions
Madersbacher et al. published in 2013 one of the 

most extensive reviews of literature regarding the e�-
cacy, tolerability and safety of the oral antimuscarinics 
administration in adult NDO; the authors presented in 
this article an increase in the MCC ranging between 
21% and 104% compared to baseline and a decrease 
in the MDP ranging from 33% to 38% [22, 23, 24, 25, 26, 27, 28]. 
The average increase in the MCC from the above-men-
tioned review, considering all the analyzed studies, was 
63.7%, while the average rate of increase of the MCC 
analyzing only the placebo controlled clinical trials 
presented was 59.8% [22, 23, 24, 25].  The average MDP de-
crease was 36.8% [22 – 28] for all the presented studies 
and 35.9% for the placebo controlled trials reviewed 
[22 – 25]. Regarding the reduction in incontinence epi-
sodes, it ranged from 13.8% to 38.7%, with an average 
of 26.25% [22,28]. Unfortunately, there are few studies in 
the literature that used standardized questionnaires to 
assess the quality of life, therefore data on this subject 
is quasi inexistent in this extensive review. In terms of 
adverse events of oral antimuscarinic medication for 
treating NDO patients, they ranged between 3 and 
78.7% of patients, that actually led to a rate of treat-
ment discontinuation of 5.6 to 23% [22 – 25, 28].

Although not all the patients were perfect respond-
ers to injecting 200 U of Onabotulinumtoxin A into the 
bladder detrusor, the majority showed an improve-
ment of the assessed urodynamic parameters. MCC 
increased with a global average of 57.32%, while the 
MDP decreased with an average of 22.93%. The re�ex 
volume was also improved with a global average in-
crease of 42.94. The reduction in incontinence episodes 
was substantial, with an average decrease of 66.66%, a 

signi�cantly larger percent if to be compared to the in-
continence reduction of the oral antimuscarinic agents 

[22, 28]. Although not very well assessed in the reviewed 
literature, the quality of life is nevertheless an import-
ant aspect for patients with NDO. We’ve observed an 
average decrease of 0.73 points, accounting for an 
overall average 12.5% decrease, on an interval ranging 
from 0 to 60%, on the Overactive Bladder Perception 
Score. On the VAS QoL questionnaire we have regis-
tered an average decrease of 1.93 points, accounting 
for 22.52% overall average decrease compared to base-
line. Moreover, we have only observed one adverse 
event during this phase of our study, when a patient 
presented a comitial attack, most probably due to the 
interruption of the antiepileptic medication, which was 
treated conservatively and resolved, that led to post-
poning the injection of toxin for 8 days. 

Taking all these aspects into account, our study 
showed promising results in terms of urodynamic pa-
rameters improvement, incontinence episodes reduc-
tion and quality of life improvement, comparable to 
the results from the international published literature 

[29, 30]. Furthermore, the improvement of the urodynam-
ic parameters from our study are relatively close to the 
ones obtained with antimuscarinic oral medication in 
NDO patients, from the reviewed literature, possibly 
with less adverse events and possibly with less chances 
of discontinuation. 

Conclusions
Botulinum toxin A injection in the detrusor muscle 

can be a feasible minimally invasive treatment for pa-
tients with neurogenic detrusor overactivity and not 
only for patients who are non-responsive or who fail to 
tolerate anticholinergic medication, with possible low-
er rate of adverse events that lead to discontinuation. 
Injections with botulinum toxin type A appeared to be 
well tolerated and they were correlated to improving 
patients’ incontinence episodes, urodynamic parame-
ters and quality of life at 3 months.

Although it has been approved by several import-
ant healthcare authorities for the use in NDO treatment 
and for reinjection, we feel the need of emphasizing 
that further studies with high level of evidence will 
be needed to assess and establish the best guideline 
recommendations in terms of dosage, injection and re-
injection protocols, rate of adverse events and safety 
pro�le.
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