
260 © 2024 Tzu Chi Medical Journal | Published by Wolters Kluwer - Medknow

Abstract
Neurogenic lower urinary tract dysfunction (NLUTD) is common in patients with central 
nervous system (CNS) lesions. Cases of cerebrovascular accidents (CVA), Parkinson’s 
disease, dementia, and other intracranial lesions develop poor bladder control with or 
without urinary difficulty due to loss of cortical perception of bladder filling sensation 
and poor coordination of urethral sphincter relaxation during reflex micturition. Patients 
with CNS lesions usually have overactive bladder (OAB) symptoms, including urgency, 
frequency, incontinence, voiding symptoms of dysuria, large postvoid residual volume, 
and retention. In elderly patients with severe CNS disease the OAB symptoms are usually 
difficult to adequately relieve by medical treatment, and thus, their quality of life is greatly. 
Botulinum toxin A (BoNT-A) is currently licensed and has been applied in patients with 
idiopathic and neurogenic OAB due to spinal cord injury or multiple sclerosis. However, the 
application of BoNT-A in the treatment of urinary incontinence due to NLUTD in chronic 
CNS lesions has not been well-documented. Although cohort studies and case series support 
BoNT-A treatment for neurogenic OAB, chronic urine retention after intravesical BoNT-A 
injection for OAB and exacerbated urinary incontinence after urethral BoNT-A injection 
for voiding dysfunction have greatly limited its application among patients with NLUTD 
due to CNS lesions. This article reviews the pathophysiology and clinical characteristics 
of NLUTD in patients with CNS lesions and the clinical effects and adverse events of 
BoNT-A injection for patients with NLUTD. A flowchart was created to outline the patient 
selection and treatment strategy for neurogenic OAB.

Keywords: Botulinum toxin A, Dysfunctional voiding, Lower urinary tract dysfunction, 
Neurogenic bladder, Overactive bladder

with CNS-related NLUTD typically include (1) terminal 
uninhibited detrusor overactivity (DO), (2) inadequate detrusor 
contractility, and (3) dyscoordination of the urethral sphincter 
during voiding. These patients might be mistakenly diagnosed 
as having bladder outlet obstruction (BOO); however, bladder 
outlet surgery might exacerbate the OAB symptoms if there 
is no existence of BOO [3]. Not only patients will suffer 
from intractable urinary incontinence or persistent difficult 
urination, the economic burden of health care for patients with 
CNS disease will also increase.

CNS diseases usually occur in elderly patients since 
detrusor function declines and contractile strength reduces 

Introduction

Neurogenic lower urinary tract dysfunction (NLUTD) is 
commonly encountered in patients with neurological 

lesions affecting the central nervous system (CNS) to the 
peripheral nerves. Lower urinary tract symptoms (LUTS) 
such as urgency, urgency urinary incontinence (UUI), dysuria, 
or urinary retention are common symptoms of patients with 
cerebrovascular disease (CVA), Parkinson’s disease (PD), 
dementia, and multiple sclerosis. The patterns of storage or 
voiding LUTS depend on the level of neurologic lesions [1,2]. 
In patients with CNS diseases, inadequate cortical perception 
of lower urinary tract sensation and control are associated with 
poor activation of urination, lack of bladder fullness sensation, 
urinary incontinence, and incomplete bladder emptying [1]. 
Thus, overactive bladder (OAB) symptoms can present as a 
prodromal symptom of neurological diseases in patients with 
CNS lesions [2]. The findings of urodynamic studies in patients 
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with aging; the bladder emptying efficiency is usually impaired 
with in elderly patients with CNS disease [4]. In line with this, 
detrusor hyperactivity and inadequate contractility (DHIC) are 
commonly observed in the elderly [5]. Among older patients 
with urgency incontinence and reduced bladder sensation, 
reduced frontal lobe perfusion is noted on brain images [6]. 
Cognitive impairment and urinary incontinence have also been 
associated with mental failure in older adults [7]. Brain damage 
in older adults may cause cognitive impairment, dysphasia, 
inappropriate and aggressive behavior, impaired mobility, 
and low motivation, and treatment with anticholinergics may 
even worsen these problems [8]. LUTD is commonly occurred 
in patients with CNS diseases, and the bladder storage and 
voiding dysfunctions varied widely in patients with different 
diseases, different levels, and different severity of neurological 
lesions [2]. For instance, urinary incontinence with impaired 
awareness of bladder fullness and urgency indicates cortical 
functional impairment after stroke [9].

Neurogenic lower urinary tract 
dysfunction in patients with cerebral 
vascular accident

CVA is the most common neurological disease in 
the CNS, and it is usually accompanied by LUTS in the 
first 3 months after the episode, presenting with storage 
symptoms (i.e., frequency and urgency) with or without urge 
incontinence. In fact, urinary incontinence was present in 
43.5% and 37.7% of patients at 3 and 12 months after the 
episode, respectively, with urge incontinence being the most 
common symptom [10]. The severity of urinary incontinence 
depends on the severity of the stroke and the patient age. 
The most common urodynamic finding in CVA is DO and a 
coordinated urethral sphincter [Figure 1a]. DO was seen in 
lesions of the frontal lobe and basal ganglia. Patients with 
frontal lobe lesions usually have DO and uninhibited relaxation 
of the urethral sphincter, resulting in the lower urinary tract 
dysfunction similar to detrusor sphincter dyssynergia (DSD), 
which is also commonly occurred in patients with basal 
ganglia lesions [11]. Voiding dysfunction is usually attributed 
to damage to the anteromedial frontal lobe, descending 
pathway, and basal ganglia.

The incidence of LUTD in patients with stroke and brain 
tumors ranges from 14% to 53%, mostly manifesting as 
OAB, with a higher incidence among those with frontal 
cortex involvement [12]. Patients with CVA usually have 
an intact sensation of bladder fullness and urgency but with 
urgency frequency on urodynamic DO. New-onset poststroke 
urinary incontinence with impaired awareness of bladder urge 
sensation is also a strong and independent risk factor for poor 
outcome at 3 months after stroke [13]. In elderly patients with 
multiple CVAs or lacunar infarctions, DHIC can be another 
bladder problem, resulting in urgency, incontinence, and a 
large postvoid residual (PVR) volume.

Voiding dysfunction has been reported in 20%–50% of 
patients with frontal brain lesions from tumors and CVAs [12]. 
Lesions in the basal ganglia or thalamus usually have normal 
sphincter function [14]. Incomplete bladder emptying in stroke 

patients is sometimes associated with detrusor underactivity (DU) 
and urethral sphincter pseudodyssynergia [15]. The urethral 
sphincter pseudodyssynergia is characterized by voluntary 
contractions of the urethral sphincter during involuntary detrusor 
contractions [Figure 1b], and this develops in approximately 
10% of patients recovering from a CVA episode. Urethral 
sphincter injection of Botulinum toxin A (BoNT-A) is safe and 
effective for treating patients with CVA and urethral sphincter 
pseudodyssynergia [16].

In patients with CVA caused by intracranial hemorrhage, 
the increased external sphincter activity is prolonged and 
detrusor contractions are inhibited. After the urethral sphincter 
is relaxed, urination is initiated with adequate detrusor 
contractility. Patients may have LUTS of hesitancy, difficult 
urination, a slow stream, and a large PVR volume [Figure 1c].

Neurogenic lower urinary tract dysfunction 
in patients with parkinson's disease and 
multiple system strophy

PD is the second most common neurodegenerative disease 
after Alzheimer’s disease. Many patients with PD present 
with LUTD, manifesting as urgency, increased frequency, 
and incontinence [17]. LUTS are common in PD, seen in 
27%–85%. Irritative bladder symptoms predominate, and 
an urodynamic study confirms the high prevalence of DO 
in PD [18]. During voiding, the intermittent contractions 
of the urethral sphincter will result in the inhibition of 
detrusor contractions and cause a considerable PVR volume 
increase in patients with PD [Figure 1d]. This discoordinated 
LUTD, or so-called urethral sphincter pseudodyssynergia, 
is a condition that may occur at the start or in the middle 
of urination in patients with CNS lesion without spinal cord 
injury. A previous urodynamic study and neurophysiological 
evaluation in patients with PD and multiple system 
atrophy (MSA) revealed a normal urodynamic tracing 
in 36.6% of patients, delayed or incomplete pelvic floor 
relaxation in 26.7%, DO with dysfunction voiding (DV) in 
26.7%, and DO with incomplete pelvic floor relaxation 
in 10% [19]. PD patients with a normal urodynamic 
pattern had significantly less severe disease. Sphincter 
electromyography (EMG) analysis showed that the PD 
patients had a normal sphincter EMG, whereas 24 out of 
32 patients with MSA had neurogenic signs.

Bladder dysfunction (e.g., urinary urgency and frequency) 
and bowel dysfunction (e.g., constipation) are common 
nonmotor disorders in PD [20]. Particularly, bladder symptoms 
occur at an advanced stage of PD, usually after many 
years of treatment [21]. Some common findings include a 
urodynamic DO and sporadic involuntary external sphincter 
EMG activity, seen in 90% and 61% of patients, respectively. 
Meanwhile, coordinated striated sphincter relaxation and 
definite prostatic obstruction were seen in 45% and 18% of 
patients, respectively [22]. Impaired relaxation of the urethral 
sphincter (bradykinesia) may also cause outflow obstruction 
in PD [23]. Voiding dysfunction also occurs in 35%–70% of 
patients with PD, manifesting as urgency, frequency, nocturia, 
and urge incontinence with or without obstruction.
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MSA is an intractable neurodegenerative disorder with 
a progressive and poor prognosis [24], characterized by 
simultaneous extrapyramidal, cerebellar, pyramidal, and 
autonomic involvement. The neurologic lesions consist of cell 
loss and gliosis in widespread areas, and its bladder symptoms 
occur earlier than in PD [25]. Approximately 60% of patients 
with MSA have urinary symptoms (i.e., urgency frequency 
and urge incontinence) preceding symptoms of parkinsonism. 
Most also have a significantly large PVR volume or urinary 
retention due to impaired detrusor contractility [26]. Thus, 
MSA should be a differential diagnosis among patients with 
severe urinary symptoms but with mild parkinsonism.

DO in patients with CNS lesions such as MSA is due to cell 
loss in the brainstem region, and incomplete emptying is due 

to the loss of parasympathetic drive following cell atrophy of 
the intermediolateral cell columns [25]. Anterior horn cell loss 
in Onuf’s nucleus results in urethral sphincter denervation. In 
particular, urinary and erectile dysfunction are prominent early 
features in male MSA patients. More than 50% of MSA patients 
suffer from recurrent urinary tract infection (UTI), and 25% 
succumb to its complications [27]. In short, signs of voiding 
dysfunction may be early neurological manifestations of MSA.

Neurogenic lower urinary tract 
dysfunction in dementia and other 
intracranial lesions

Dementia is a complex CNS disease involving atrophy 
and loss of gray and white matter. Dementia includes a wide 

Figure 1: Video urodynamic study of patients with central nervous system lesion. (a) Urgency urinary incontinence in a patient with cerebrovascular accident (CVA). 
Involuntary detrusor contraction occurs at bladder capacity with coordinated urethral sphincter relaxation (arrow 1). A tight bladder neck and low detrusor contractility 
cause incomplete bladder emptying (arrow 2). (b) Pseudodyssynergia in a patient with CVA, urinary incontinence and difficult urination. Uninhibited detrusor contraction 
occurs with increased urethral sphincter activity during urination (arrow). (c) Uninhibited detrusor contraction occurs at the bladder capacity (arrow 1) in a CVA patient. The 
urethral sphincter does not relax adequately (arrow 2), resulting in incomplete bladder emptying. (d) A patient with Parkinson’s disease. Uninhibited detrusor contraction 
occurs at the bladder capacity (arrow 1), and the urethral sphincter contracts concomitantly, resulting in pseudodyssyneria (arrow 2) and incomplete voiding. (e) A patient 
with Parkinson’s disease. Uninhibited detrusor contraction occurs when the bladder capacity is reached (arrow 1), and pelvic floor guarding is noted (arrow 2). (f) Urinary 
incontinence in a patient with dementia. The patient does not sense bladder filling or urgency until urination starts when the bladder capacity is reached (arrow 1). No 
bladder outlet obstruction was noted (arrow 2)
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variety of widespread vascular diseases, such as Alzheimer’s 
disease, Pick’s disease, Jacob–Creutzfeldt disease, syphilis, 
head trauma, and encephalitis. Urinary incontinence is 
common in patients with dementia because patients lose 
awareness regarding the desirability of voluntary urinary 
control [Figure 1e]. Urodynamic studies usually reveal 
terminal DO when the bladder capacity is reached. Patients 
may have urgent urinary incontinence and incomplete bladder 
emptying due to a lack of bladder sensation of urinary 
fullness [Figure 1f].

In elderly male patients with dementia and benign prostatic 
hyperplasia (BPH), the large PVR volume and failure of 
treatment may be mistakenly treated as anatomical BOO. 
However, treatment for BPH is usually ineffective in patients 
with dementia, especially in the absence of a urodynamic 
study of BOO [3]. Therefore, surgical intervention for BPH 
is contraindicated in patients without definite evidence of 
BOO.

Other intracranial lesions, such as traumatic brain 
trauma, brain tumors, and intracranial hemorrhage, initially 
present with detrusor areflexia, followed by involuntary 
detrusor contractions in those with lesions above the pontine 
micturition center. A portion of patients with CNS lesions at 
the frontal lobe might have voiding dysfunction and impaired 
early bladder sensation of filling but become aware when the 
detrusor contracts at the bladder capacity [28]. These patients 
may have DO, diminished bladder sensation of filling, failure 
to suppress micturition reflex, which result in mixed LUTS, 
such as UUI, difficult urination, large PVR, or urinary 
retention. The presence of different LUTS depends on the 
location of CNS lesions and the severity of brain damage [29]. 
These mixed LUTDs further make pharmacological 
management fail to adequately improve their LUTS.

Cerebellar ataxia is caused by pathologic degeneration of 
the nervous system involving the cerebellum, with possible 
extension to the brain stem, spinal cord, and dorsal nerve 
root [30]. In these cases, urinary incontinence is associated 
with DO and urethral sphincter synergy, and detrusor areflexia 
causes urinary retention. One study reported that 15.8% of 
patients had stress urinary incontinence, possibly due to spinal 
cord lesions affecting Onuff’s nucleus and pudendal nerve 
dysfunction [31]. The prevalence of self-reported LUTS in 
patients with cerebellar ataxia is reported to be 60.8%, with 
the most common symptoms being urinary frequency and 
urgency [32].

Cerebral palsy (CP) is a nonprogressive brain injury caused 
by infection or hypoxia. Most patients with CP have normal 
urinary control in lesions above the brainstem (i.e. DO with 
sphincter synergy). Patients with CP and voiding dysfunction 
usually report urinary incontinence (74%), frequency (56%), 
and urgency (37%), while urodynamic studies revealed DO 
in 87% [33]. Difficult urination in CP is caused by poor 
relaxation of the PFM, rather than a true striated urethral 
sphincter DSD [34]. However, spinal cord damage may occur, 
and this is responsible for true DSD and upper urinary tract 
deterioration. Storage symptoms are more common because 
of the high prevalence of DO. In addition, CP patients with 

voiding symptoms and pelvic floor overactivity are more prone 
to develop upper urinary tract dysfunction in adulthood [35]. 
Severe hydronephrosis occasionally occurs because of 
prolonged bladder overdistention and obstructive uropathy.

Videourodynamic findings in patients 
with different subtypes of chronic brain 
lesions

Patients with different subtypes of chronic brain lesions 
have a high incidence of storage LUTD such as OAB and 
urinary incontinence. The reported incidence of neurogenic 
detrusor overactivity (NDO) and urinary incontinence varied 
widely depending on the study cohorts of different stages of 
brain lesion, and sites of brain lesion. The reported incidence 
of urinary incontinence due to NDO was 33%–79% in 
patients with CVA, 33.1% in patients with PD, and 40% in 
dementia patients with white matter disease [36-38]. In fact, 
clinical symptoms in patients with chronic brain lesions might 
not accurately reflect the real lower urinary tract conditions. 
Patients with overflow incontinence could be due to NDO 
or functional urinary incontinence in patients with cognitive 
dysfunction and immobilization. In addition, most patients 
with CNS lesions also have voiding dysfunctions due to 
bladder or bladder outlet dysfunctions. Video urodynamic 
study (VUDS) could identify DU with or without NDO in 
patients with CNS lesions, and BOO at the bladder neck, 
prostatic urethra, dyssynergic–external sphincter, or a 
non-relaxing urethral sphincter [39-41]. Before a urological 
pharmacological treatment or surgical intervention for patients 
with complex clinical symptoms, large PVR, and recurrent 
UTI, VUDS combined image and pressure flow studies are 
indicated for precision diagnosis and treatment [42].

We have analyzed our VUDS results in a cohort of patients 
with CNS lesions, including CVA, PD, and dementia. The 
common VUDS findings in patients with CNS lesions include 
bladder dysfunction (DO, DU, and mixed DO and DU) and 
functional BOO (BN dysfunction and urethral sphincter 
dyscoordination) [42]. Among the patients, 83.4% of them 
had DO or DU, whereas 60.9% of them had bladder outlet 
dysfunction during the voiding phase. In our previous study, 
the VUDS findings of the patients with chronic CNS lesions 
show a high prevalence of NDO causing urinary incontinence 
and a high rate of DU or functional BOO resulting in difficult 
urination and large PVR [Table 1]. Therefore, for patients 
with CNS lesions and LUTS, a precise VUDS will facilitate 
assessing NLUTD and selecting appropriate medications. The 
VUDS characteristics vary and will influence the appropriate 
pharmacological, minimally invasive, or surgical management 
of NLUTD in patients with CNS lesions.

Pharmacological therapy for neurogenic 
overactive bladder

Medical treatment is not always satisfactory for 
neurogenic OAB associated with CNS diseases. Patients 
with CNS lesions (e.g. CVA) who cannot perceive bladder 
sensation of filling and urgency usually have multiple 
or a severe cortical dysfunction [9]. Pharmacological 



Kuo / Tzu Chi Medical Journal 2024; 36(3): 260-270

264 

therapy targeting at inhibit DO might not be adequate to 
improve urinary incontinence. Therefore, a combination of 
pharmacologic and nonpharmacologic approaches, such as a 
combination of antimuscarinic agents with clean intermittent 
catheterization (CIC), might provide a better treatment 
outcome through different therapeutic targets [43]. Regarding 
the adverse events of antimuscarinics in patients with 
neurogenic OAB due to CNS lesions, the use of mirabegron 
might provide less cognitive impairment than antimuscarinics; 
however, the therapeutic efficacy of mirabegron in inhibiting 
DO at the bladder capacity and urinary incontinence should 
also be considered [44].

In the treatment of CNS-related LUTD, patients with OAB 
are usually given antimuscarinic agents (e.g., tolterodine, 
oxybutynin, and propiverine), mirabegron (beta-3 adrenoceptor 
agonist), or a combination of the two classes of drugs [45]. 
For nocturia and nocturnal polyuria, desmopressin is 
feasible, but adverse events such as hyponatremia should be 
considered [46]. In treatment of voiding dysfunction due to 
bladder neck dysfunction or urethral sphincter dyscoordination, 
combined alpha-blockers and baclofen can be prescribed to 
achieve a better outcome [47,48]. Notably, the adverse events 
should be carefully monitored, especially in elderly patients 
with CNS lesions; the adverse events include dizziness and 
hypotension after administering alpha-blockers and systemic 
weakness after baclofen usage.

Antimuscarinic treatment for OAB generally has a high 
success rate. However, there are concerns regarding impaired 
bladder emptying and cognitive dysfunction during treatment 
with nonselective antimuscarinic agents for OAB [49]. 
Although short-term anticholinergic treatment in elderly 
patients with OAB did not show substantial cognitive 
impairment, large observational studies have shown a 20% 
increased relative risk of dementia, but residual confounding 
and reverse causality cannot be ruled out [50]. Higher 
cumulative anticholinergic medication use is also associated 
with an increased risk of dementia [51]. When prescribing 
antimuscarinic agents for urgent urinary incontinence, 
physicians should consider the total antimuscarinic load, 

especially in elderly patients on multiple drugs and those 
who have/are at risk for mild cognitive dysfunction [52]. 
Alternative OAB treatments may be more appropriate for 
patients above 65 years of age and those with underlying mild 
cognitive impairment. Thus, mirabegron may be considered 
the initial medication to avoid difficulty in urination and 
cognitive impairment [44,53].

Botulinum toxin intravesical injection for 
neurogenic overactive bladder

In recent decades, BoNT-A has been widely applied in 
the treatment of skeletal or smooth muscle hypertonicity and 
modulation of chronic inflammation, and sensory and glandular 
dysfunction [54,55]. BoNT-A has been recommended as the 
treatment for idiopathic OAB and neurogenic DO due to spinal 
cord injury or multiple sclerosis after the medical treatment 
with an adequate dose of antimuscarinics and mirabegron 
has been failed [56-60]. Detrusor injections of BoNT-A for 
OAB refractory to the oral medication have been proven 
highly effective than the other lines of therapy and are the 
most effective option among all pharmacologic therapies [57]. 
BoNT-A detrusor injections can not only significantly improve 
OAB symptoms and quality of life, but also the urodynamic 
parameters [58]. Therefore, onabotulinumtoxinA has already 
gained the approval for treatment of neurogenic DO at the 
dose of 200 U, and treatment of idiopathic OAB at the dose 
of 100 U [59,60].

Although BoNT-A injections are highly effective, adverse 
events are also common. The advantages and disadvantages 
of BoNT-A compared with oral OAB medications have 
been well-reported [61]. The advantages include a decrease 
in frequency, urgency, and nocturia, as well as a reduction 
in urgency incontinence. There is also an increase in 
cystometric bladder capacity and voided volume [62-68]. 
Moreover, since the absorption of BoNT-A from the urinary 
bladder is limited, systemic adverse events are unlikely (in 
contrast to antimuscarinic agents), and cognitive impairment 
after antimuscarinics in elderly patients with CNS lesions 
can also be prevented [65,66]. The therapeutic efficacy of 

Table 1: The videourodynamic study in patients with cerebrovascular accident, Parkinson’s disease, and dementia [42]
NLUTD Diagnosis on VUDS All patients (n=169), n (%) CVA (n=84), n (%) PD (n=55), n (%) Dementia (n=30), n (%)
Bladder 
condition

Stable bladder 28 (16.6) 13 (15.5) 12 (21.8) 4 (13.3)
DO 124 (73.4) 64 (76.2) 39 (70.9) 21 (70.0)

Phasic 51 (30.2) 22 (26.2) 23 (41.8) 6 (20.0)
Terminal 109 (64.5) 60 (71.4) 31 (56.4) 18 (60.0)
Provoke 4 (2.4) 3 (3.6) 1 (1.8) 0

DO-DU (DHIC) 28 (16.6) 16 (19.0) 7 (12.7) 5 (16.7)
DU 17 (10.1) 7 (8.3) 4 (7.3) 6 (20.0)

Bladder outlet 
condition#

No definite BOO 66 (39.1) 35 (41.7) 18 (32.7) 13 (43.3)
BPO (% of male) 10 (10.1) 7 (12.7) 2 (6.1) 1 (10)
Bladder neck 36 (21.3) 21 (25) 7 (12.7) 8 (26.7)
Urethral sphincter 71 (42) 27 (32.1) 33 (60) 11 (36.7)

Dyssynergia 48 (28.4) 18 (21.4) 24 (43.6) 7 (23.3)
Nonrelaxing ES 22 (13.0) 9 (10.7) 9 (16.4) 4 (13.3)

#Some cases have multiple sites of BOO. CVA: Cerebrovascular accident, PD: Parkinson’s disease, DO: Detrusor overactivity, DU: Detrusor underactivity, 
DHIC: Detrusor hyperactivity and inadequate contractility, BPO: Benign prostatic obstruction, ES: External sphincter, BOO: Bladder outlet obstruction, 
NLUTD: Neurogenic lower urinary tract dysfunction, VUDS: Video urodynamic study, DU: Detrusor underactivity
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BoNT-A usually lasts for more than 6 months, and thus, 
only 1-2 intravesical injections per year are necessary to 
achieve the desired therapeutic efficacy [69,70]. However, 
the disadvantages of BoNT-A injections include impairment 
of bladder fullness sensation due to inhibiting the release of 
sensory neuropeptides, difficulty in initiating urination due to 
hypocontractility via inhibiting the release of acetylcholine, 
increased PVR volume, and decrease of voiding efficiency due 
to impaired bladder sensation, and the risk of acute urinary 
retention and UTI due to large PVR [71,72]. Under these 
concerns, patients receiving BoNT-A injections for OAB or 
NDO should be informed of the need for CIC [73].

Previous studies of BoNT-A in elderly patients with OAB 
and older patients with CNS-related OAB have demonstrated 
that intravesical injection of 100 U of onabotulinumtoxinA 
effectively decreased urgency symptoms. The adverse events 
were acceptable, and the long-term effects were comparable 
to those in OAB patients in general. Patients with CNS 
lesions did not experience an increased risk of acute urinary 
retention and UTI but had a higher rate of straining to 
voiding [61,74].

There have been few clinical trials investigating the 
safety, efficacy, and adverse events of BoNT-A injections 
for patients with neurogenic OAB due to CNS lesions. Most 
published studies reported the treatment outcome of BoNT-A 
injections in a small number of patients with CNS lesions. 
The treatment outcome of BoNT-A on neurogenic OAB has 
been reported satisfactory in patients with CVA, PD, and 
dementia [74,75], and in male patients with persistent OAB 
symptoms after transurethral resection of the prostate [76]. 
However, the durability of detrusor BoNT-A injections for 
frail elderly patients with OAB might be shorter and the rates 
of adverse events are higher than those in younger adults and 
older adults without frailty [77]. Adding on mirabegron after 
BoNT-A injections could improve OAB symptoms and quality 
of life in patients with refractory OAB [78]. Considering the 
adverse effects of BoNT-A on voiding efficiency in elderly 
patients with neurogenic OAB, BoNT-A injection into the 
bladder base might decrease the occurrence of adverse events 
such as difficulty in urination, dysuria, large PVR, and urinary 
retention [79].

The most frequent adverse events of BoNT-A injections 
for patients with neurogenic OAB due to CVA are UTI, 
difficult urination, and chronic urinary retention [80]. Previous 
study reported that suburothelial injection of 200 U BoNT-A 
increased bladder capacity and improved incontinence in 
91.6% of patients with spinal cord lesions, but in only 50% of 
patients with CVA [81]. Most clinical practice and researchers 
treated neurogenic OAB in patients with PD and CVA with 
intradetrusor injections of 100 U BoNT-A but not 200 U 
to achieve a long-term clinical effect and reduce adverse 
effects [68]. After BoNT-A detrusor injection, a total of 79.2% 
of patients with PD reported improvement of OAB symptoms, 
while only 29.1% of the patients reported resolution of urinary 
incontinence. The PVR increased from 17.6 to 125.3 mL after 
BoNT-A injection, and 12.5% of the patients needed CIC 
after BoNT-A injections [82]. A higher PVR before BoNT-A 

injection has been reported to be the predictor of postoperative 
urinary retention, failed treatment outcome, and requiring CIC. 
In a small cohort study of 16 patients with PD and neurogenic 
OAB treated with BoNT-A detrusor injection revealed that 
only 20% of the patients had an excellent result, significant 
improvement in 40%, and % failure in 40% of patients, CIC 
was needed in 28% of the patients [83]. A systematic analysis 
of randomized control trials also reported that among several 
treatments for neurogenic OAB in PD patients, treatment with 
BoNT-A detrusor injections did not provide strong evidence to 
improve outcomes in this population [84].

In patients with dementia and neurogenic OAB, 
pharmacologic therapy with anticholinergic medications is 
another option for treating urgency incontinence if behavioral 
therapy is unsuccessful [85]. However, chronic use (3 months) 
of OAB anticholinergic medications has been reported to 
be associated with an exacerbated cognitive impairment 
or increased risk of new-onset dementia [86]. Therefore, 
intravesical BoNT-A injection is an alternative treatment 
choice to effectively treat patients with early dementia with 
normal bladder perception and UUI. However, the efficacy 
of BoNT-A has been reported to be limited in patients with 
dementia who do not perceive bladder fullness or urgency or 
are wheelchair ridden [87].

Real‑life experience with botox treatment 
for neurogenic overactive bladder

Previous clinical trials reported that BoNT-A injection 
provided satisfactory treatment outcomes for patients with 
NDO due to CNS diseases [63,66,69,70,74,81,82]. However, 
in a report of the real-life analysis of the treatment efficacy of 
detrusor injections of BoNT-A on neurogenic OAB due to CNS 
lesions, the overall continence rate after BoNT-A injections 
was only 28.4% (21 in 74 patients), urinary incontinence 
improved in 54.1% (40 in 74), and treatment failed in 
17.6% (13 in 74). Alternatively, dysuria was reported in 59.5% 
of patients, acute urinary retention developed in 9.5%, and UTI 
occurred in 14.9%. Postoperative PVR increased to 44% of 
the bladder capacity, and the therapeutic duration of BoNT-A 
lasted for a mean of 6.4 months [88]. There was no significant 
difference in the rates of clinical improvement, adverse events, 
and therapeutic duration among patients with CVA, PD, and 
dementia. The urodynamic parameters such as DO, DU, and 
the presence of urethral sphincter pseudodyssynergia also did 
not affect the treatment outcome.

Because light anesthesia is necessary during BoNT-A 
injections, patients who have symptom improvement 
after treatment might hesitate to repeat treatment after the 
therapeutic efficacy has faded. For patients with neurogenic 
OAB due to CNS lesions, the addition of oral antimuscarinic 
agents has been reported to increase the intervals for 
repeated BoNT-A injections [89]. In patients with OAB who 
received intravesical BoNT-A injection, adding mirabegron 
50 mg on BoNT-A treatment could significantly decrease 
the percentage of OAB wet compared to the patients who 
were adding solifenacin 5 mg and those without adding 
OAB medication [79]. With this clinical evidence, it is 
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rational to add mirabegron when the therapeutic effect of 
detrusor BoNT-A injection for neurogenic OAB begins to 
fade. The combination of BoNT-A injection and mirabegron 
may increase the therapeutic duration and prolong the 
injection interval. Combination treatment using different 
pharmacological and non-pharmacological therapies can 
achieve the best clinical efficacy because of the favorable 
combination of the different mechanisms of action [43].

There have been reports from a pilot study or small 
case series that support the therapeutic efficacy of BoNT-A 
for neurogenic OAB in patients with PD and CVA [90]. 
The results of BoNT-A 100 U injection for patients with 
PD and urinary incontinence revealed to have moderate 
to marked symptomatic relief at 3 months after BoNT-A 
injection, and 59% of the patients reported a 50% decrease 
in episodes of urinary incontinence over 6 months relative 
to pretreatment [91]. However, in a study of a large 
cohort (140 patients) with neurogenic OAB who received 
BoNT-A injection, the 10-year discontinuation-free 
rate was 49.1%, and the failure-free success rate was 
73% [92]. The causes of BoNT-A discontinuation included 
treatment failure (43.7%), withdrawal of consent (28.1%), 
improvement of OAB after prior BoNT-A injection (14.1%), 
neurological progression (12.5%), and adverse 
events (1.6%). In real-life practice, patients with neurogenic 
OAB due to CNS lesions might have a disability in motor 
function and hand dexterity. Therefore, although BoNT-A 
injection could improve urgency or decrease episodes of 
UUI, urinary incontinence might persist and bother them. 
Patients with CNS lesions and UUI who have partial benefit 
from BoNT-A injections might prefer to wear a diaper in 
long-term bladder management.

Knowing the advantages and disadvantages of BoNT-A 
injections for neurogenic OAB, we should also consider the 
therapeutic efficacy and adverse events of OAB medications 
to select the appropriate oral therapy for patients with 
BOO, aging, frailty, low detrusor contractility, and CNS 
lesions. Adding an alpha-blocker and using the low-dose 
beta-3 adrenoceptor agonist mirabegron might be safer 
in the initial treatment of neurogenic OAB. Second-line 
therapy can include low-dose antimuscarinic agents such as 
trospium, solifenacin, or tolterodine, but not oxybutynin, to 
avoid cognitive impairment. If monotherapy is not effective 
in alleviating OAB symptoms, combination therapy with 
antimuscarinics and mirabegron can be given. During 
the initial treatment course, it is essential to monitor 
cognitive function, PVR, and voiding difficulty. If cognitive 
impairment or large PVR develops, treatment should be 
discontinued. Video urodynamic studies of patients with 
neurogenic OAB will be helpful to identify the presence of 
DU and functional BOO such as bladder neck dysfunction 
or pseudodyssynergia. If the bladder sensation is intact and 
no BOO is found, a detrusor BoNT-A injection may be 
used to treat urinary incontinence. However, patients with 
CNS lesions and neurogenic OAB should be informed of 
the potential adverse events before BoNT-A injection and 
be closely monitored for urinary retention and UTI [9]. 
A proposed treatment algorithm for patients with CNS 

lesions and neurogenic OAB, including changing treatment 
modalities, can be seen in Figure 2.

Pharmacological therapy and Botulinum 
toxin A urethral sphincter injection for 
neurogenic voiding dysfunction

Voiding dysfunction is common in patients with LUTD 
due to CNS lesions. Patients with neurogenic lesions and 
voiding dysfunction often have a mix of storage and voiding 
symptoms. Moreover, ambulatory patients who wish to urinate 
voluntarily without catheterization may prefer resumption of 
voiding ability [39,93-95].

The causes of voiding dysfunction could be DU, BOO, or 
pseudodyssynergia. A previous study showed that bladder outlet 
surgery is effective in alleviating voiding symptoms in patients 
with CVA and PD but not in those with dementia. Nevertheless, 
bladder outlet surgery did not have an effect on storage 
symptoms in patients with chronic CNS lesions [3]. Although 
bladder outlet surgeries could relieve BOO, patients may have 
persistent voiding symptoms or exacerbated storage symptoms.

Patients with voiding dysfunction due to CNS lesions 
are usually initially treated with alpha-blockers, skeletal 
muscle relaxants, and 5-alpha-reductase inhibitors if BPH is 
suspected. However, patients with DU or pseudodyssynergia 
may not be satisfactorily treated with these oral medications. 
Urethral sphincter injections with BoNT-A (100–200 U in 
4 mL) divided in equal doses into 4 quadrants of the urethral 
sphincter are effective in patients with multiple sclerosis, CVA, 
or spinal cord injury [96,97]. Patients with CVA and chronic 
urinary retention can also forego CIC after urethral BoNT-A 
injection (100 U) [16]. Patients with dementia tended to have 
dysuria, a higher UTI rate, and a shorter therapeutic duration 
of urethral BoNT-A. The results of BoNT-A urethral sphincter 
injection were similar between patients with pseudodyssynergia 
and those with DU. A significant reduction of voiding detrusor 
pressure was observed only in patients with urethral sphincter 
dyscoordination or pseudodyssynergia [98]. In a report of the 
study from 45 patients with CVA, PD, or dementia, 75.6% 
of patients had improved voiding efficiency after urethral 
sphincter BoNT-A injection, but 24.4% were bothered by 
the exacerbated urinary incontinence, 33.3% complained 
of dysuria, and 15.6% developed UTI. Patients with DU 
showed the least benefit from urethral BoNT-A injection in 
terms of voiding dysfunction. Although urethral sphincter 
BoNT-A injection is effective in reducing voiding detrusor 
pressure, increasing voiding efficiency, incomplete bladder 
emptying due to unsustainable detrusor contractility remains a 
problem to be solved, while de novo urgency, UUI, or stress 
urinary incontinence might be another issue after urethral 
sphincter BoNT-A treatment in women with neurogenic 
LUTD [96,97,99,100]. Therefore, patients with neurogenic 
voiding dysfunction might not be satisfied with the therapeutic 
outcome of urethral sphincter BoNT-A injection [99,101].

Conclusion
OAB symptoms due to CNS lesions such as CVA, PD, 

and dementia are common. LUTD in patients with neurogenic 
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lesions involves both storage and emptying symptoms. 
Treatment with oral medications might not be effective in 
improving clinical symptoms without creating new adverse 
events. Intravesical BoNT-A injection provides an opportunity 
to restore urinary continence, and urethral sphincter BoNT-A 
injection can improve voiding efficiency. However, undesired 
adverse events might be bothersome issues such as difficulty 
in urination, large PVR, need for CIC, and risk of UTI after 
intravesical BoNT-A injections. Moreover, exacerbated 
urinary incontinence, persistent dysuria, and incomplete 
bladder emptying may also reduce the satisfactory rate of 
urethral sphincter BoNT-A injection for voiding dysfunction, 
which may limit the application of BoNT-A in the treatment 
of neurogenic LUTD in patients with CNS lesions. Thus, 
patients with NLUTD due to CNS lesions who are refractory 
to medical treatment and desire BoNT-A injection should be 
informed of the limited therapeutic efficacy and the potential 
adverse events before injection.
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