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ABSTRACT
The lower urinary tract has the main function of urine storage and voiding. The integrity of the lower uri-
nary tract nerve supply is necessary for its proper function. Neurological disorders can lead to lower urinary 
tract dysfunction (LUTD) and cause lower urinary tract symptoms (LUTS). Common causes of neuro-
genic LUTS or LUTD include spinal cord injury, multiple sclerosis, Parkinson’s disease, cerebrovascular 
accidents, cauda equina syndrome, diabetes mellitus, and multiple system atrophy. The pathophysiology is 
categorized according to the nature of the onset of neurological disease. Assessment requires clinical evalu-
ation, laboratory tests, imaging, and urodynamic studies. Impaired voiding is most often managed by clean 
intermittent self-catheterization if the postvoid residual urine exceeds 100 ml, whereas storage symptoms 
are most often managed by antimuscarinic medications. Intradetrusor injection of botulinum toxin type A 
is emerging as an effective treatment for managing refractory neurogenic detrusor overactivity. This review 
provides an overview of the clinical characteristics, diagnosis, and management of LUTD in patients with 
central and peripheral common neurological diseases.

Keywords: Cerebrovascular accident; multiple sclerosis; lower urinary tract symptoms; parkinson's disease; 
peripheral nervous system diseases; spinal cord injuries.

Introduction

Lower urinary tract symptoms (LUTS) are pro-
gressively age-related and comprise a combi-
nation of storage, voiding, and postmicturition 
symptoms. It has been recognized that patients 
often have underlying and overlapping patho-
physiologic mechanisms that may be related 
to the expression of LUTS.[1] Their prevalence 
increases with age, and severe LUTS are found 
more commonly in either older men or women.
[2] Although for many years we believed that 
LUTS were mainly caused by benign pros-
tatic hyperplasia (BPH), there are several other 
causes of LUTS in men including prostatitis, 
bladder dysfunction, urinary tract infections, 
and prostate or bladder cancer.[3] The storage 
and periodic voiding of urine depend on the 
coordinated activity of two functional units in 
the lower urinary tract: (a) the reservoir (the 
urinary bladder) and (b) the outlet consisting of 
the bladder neck, the urethra, and the urethral 
sphincter, as well as the prostate gland in men. 
Coordination between these organs is mediated 
by a complex neural control system located in 

the brain, spinal cord, and peripheral ganglia.[4] 
As a result, LUTS suggest common and mor-
bid consequences of neurological diseases, best 
known as neurogenic LUTS or lower urinary 
tract dysfunction (LUTD), and the patterns of 
bladder storage and voiding dysfunction de-
pend on the level of the neurological lesion. 

Herein, we present an overview of the clinical 
characteristics, diagnosis, and current man-
agement of LUTD, focusing on patients with 
common neurological conditions affecting the 
central and peripheral nervous systems.

General considerations
LUTD evaluation includes general medical, 
bowel, and sexual dysfunction history; blad-
der/voiding diary; thorough physical examina-
tion of the urogenital system and neurological 
examination; ultrasonography; urodynamic 
testing when indicated; and validated question-
naires.[5] The risk of developing upper urinary 
tract failure and concomitant renal failure is 
much lower in patients with slowly progres-
sive nontraumatic neurological disorder than 
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in those with spinal cord injury (SCI) or spina bifida.[6] Impaired 
emptying is most often managed by clean intermittent self-cath-
eterizations (CISC), which should be initiated if the postvoid re-
sidual urine (PVR) exceeds one-third of the bladder capacity, if 
it exceeds 100 ml, or if spontaneous voiding occurs due to high 
detrusor pressure. Storage symptoms are most often managed 
by antimuscarinic medications or β3-agonists.[7,8] In the general 
population, an overactive bladder (OAB) is described as a status 
of urgency, with or without incontinence, associated with fre-
quency and nocturia. 

In patients suffering from a variety of neurological diseases such 
as SCI, Parkinson’s disease (PD), and multiple sclerosis (MS), 
the OAB develops as neurogenic detrusor overactivity (NDO), 
which currently lacks a universally effective therapy.[9] Detrusor 
sphincter dyssynergia (DSD) is the urodynamic description of 
bladder outlet obstruction (BOO) from detrusor muscle contrac-
tion with concomitant involuntary urethral sphincter activation. 
DSD is associated with neurologic conditions such as SCI, MS, 
and spina bifida, and some of these neurogenic bladder patients 
with DSD may be at risk for autonomic dysreflexia, recurrent 
urinary tract infections (UTIs), urinary incontinence (UI), vesi-
coureteral reflux or upper urinary tract dilatation, and renal fail-
ure.[10] NDO with or without DSD is the main cause of increased 
storage pressure and long-term damage to the upper and lower 
urinary tracts, particularly in neurological patients.[11] It has been 
demonstrated that neurological disorders can lead to common 
and morbid urological complications, including UI, UTIs, uroli-
thiasis, urosepsis, ureteric obstruction, vesicoureteral reflux, and 
renal failure.[12]

LUTS in patients with SCI
Traumatic SCI is a devastating condition that can cause a serious 
dysfunction in sensation, motor ability, and autonomic function, 

with a significant negative impact on the patient’s quality of life 
(QoL). The estimated annual incidence of SCI varies from 10.4 
per million to 83 per million in North America and Western Eu-
rope, respectively.[13] SCI typically affects the cervical (50%), 
thoracic (35%) and lumbar (11%) level of the spinal cord (50%), 
with the single most common level affected being C5.[14] The 
most common urological complications following SCI are UTIs, 
upper and lower urinary tract dysfunction, and bladder or renal 
stones.[15]

LUTD following SCI can be divided into 2 phases: an initial 
period of spinal shock and a chronic phase. Initially, the urinary 
bladder is hypotonic; therefore, urinary retention and overflow 
incontinence occur in the absence of management. This phase 
usually resolves within the first 2 weeks, although it can last up 
to 1 year.[16]

Initial urological management in SCI cases includes safe urine 
storage, efficient bladder emptying, maximal urinary continence 
and minimal risk of urological complications. Physicians must 
ensure an appropriate bladder emptying immediately after SCI. 
Spontaneous voiding and/or CISC must be considered in select-
ed patients once they are medically stable.[17] In a recent study, 
76% of the patients with SCI who could not voluntarily void 
were able to at least perform CISC with appropriate assistance.
[18] 

CISC are recommended for the management of neurogenic 
bladder in patients with SCI. Alternative treatment options are 
condom and indwelling urethral or suprapubic catheters, reflex 
voiding, and voiding using Valsalva or Credé maneuvers. Non-
invasive medical therapies are used to improve incontinence, 
urodynamic parameters, and (QoL) in this population.[19] Usu-
ally antimuscarinic drugs are given to adults suffering from 
NDO. Most of the studies, especially randomized trials, were 
performed with oxybutynin immediate release (IR), trospium 
chloride IR, propiverine IR, and propiverine extended release 
and demonstrated that these drugs are effective in NDO, nor-
malizing the intravesical pressure and increasing cystometric 
bladder capacity.[20] Mirabegron, a β3-adrenoceptor selective 
agonist, has been proven to have similar efficacy as the anti-
muscarinic drugs. Adding mirabegron to the conventional anti-
muscarinic therapy further improved urodynamic parameters in 
patients with chronic SCI, and sustained efficacy was observed 
with a long-term use.[21] 

The administration of botulinum toxin A (BTX-A) has revo-
lutionized the treatment of LUTD over the past three decades. 
BTX-A has shown to be effective and safe in treating NDO after 
SCI. There were no statistically significant differences between 
dosage schemes (200 U or 300 U) or between injection sites 
(into the detrusor or submucosa).[22] Transcutaneous electrical 
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• All aspects of lower urinary tract dysfunction suggest com-
mon consequences of several neurological disorders, depend 
mainly on the level of the lesion and need regular urological 
assessment on, at least, yearly basis. 

• Antimuscarinics and β3-adrenoreceptor agonists may be help-
ful in most of the cases and remain as the first line of therapy.

• Incomplete bladder emptying is currently managed by clean 
intermittent self-catheterization.

• Botulinum toxin A is the current second line of treatment op-
tion for neurogenic detrusor overactivity (NDO).

• Neuromodulators offer promising results regarding the man-
agement of both storage and voiding dysfunction, while surgi-
cal interventions, such as bladder augmentation, are indicated 
in cases where there is reduced compliance or NDO refractory 
to all other nonsurgical treatments.

Main Points:
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stimulation of the neurogenic bladder in patients following SCI 
improves the lower urinary tract function within 2 years after 
completion of the electrical stimulation treatment.[23] Patients 
who fail the treatment either because of decreased efficacy or 
from intolerance due to side effects can be treated with various 
other surgical methods, such as augmentation cystoplasty with 
the use of a colonic segment or urinary diversion with the use of 
an ileal conduit.[15]

DSD is the urodynamic description of BOO caused by detru-
sor muscle contraction with concomitant involuntary urethral 
sphincter activation. DSD is associated with neurological condi-
tions such as SCI. CISC remains a mainstay in managing symp-
toms/signs related to DSD. Other than urinary diversion, endo-
scopic urethral sphincterotomy is the most invasive treatment 
for symptomatic DSD.[24] 

SCI at or above the 6th thoracic (T6) spinal cord segment of-
ten results in the development of a potentially life-threatening 
syndrome called autonomic dysreflexia (AD). AD is clinically 
defined as acute hypertension generated by unmodulated sympa-
thetic reflexes below the injury level. AD is precipitated by nox-
ious visceral or somatic stimulation below the level of injury. 
The most common triggers are overdistension of the bowel or 
bladder. The most common treatment regimen involves the use 
of vasoactive drugs intended to resolve the acute hypertensive 
crises rather than preventing them from occurring. Some evi-
dence suggests that prazosin and BTX-A may provide prophy-
lactic management of AD associated with normal and iatrogenic 
urogenital stimulations.[25]

LUTS in patients with cerebrovascular accidents
UI can affect 40% to 60% of the patients admitted to the hospi-
tal after a stroke, with 25% reporting problems when discharged 
from the hospital and 15% remaining incontinent after 1 year.
[26] It is well established that this condition is a strong prognostic 
marker of stroke severity and is associated with poor functional 
outcomes.[27] In a cross-sectional, clinical survey of 519 stroke 
patients, the most frequent symptom was nocturia (76%) fol-
lowed by urgency (70%) and daytime frequency (59%). Among 
respondents who had at least one symptom, the prevalence of 
bother was 78%.[28] Urodynamic studies are essential in order to 
manage LUTD in stroke patients. The comparison of the urody-
namic parameters in ischemic and hemorrhagic stroke patients 
with bladder dysfunction revealed significant differences be-
tween the two group of patients. In the ischemic group, NDO was 
present in 70% and detrusor underactivity (DU) in 29% of the 
patients, respectively, while in the hemorrhagic group NDO was 
reported in 35% and DU in 65% of the patients, respectively.[29] 

Improvement in continence status can help to enhance the overall 
and health-related QoL.[30] Nonpharmacologic treatment, such 

as behavioral therapy, and pharmacologic agents including an-
timuscarinics and β-adrenergic medications have not been well 
studied in post-stroke patients. UI in stroke patients needs to be 
further studied to help decrease morbidity and mortality rates 
within this population.[31] Although not infrequent mainly in old 
stroke patients, a pattern named “detrusor hyperactivity with im-
paired contractility” (DHIC syndrome) is described, character-
ized by simultaneous urge incontinence and increased PVR. If 
PVR is significant (≥100 ml), CISC are required in association 
with low doses of antimuscarinic drugs.[32] Transcutaneous elec-
trical nerve stimulation improved incontinence symptoms and 
promoted activities of daily living of post-stroke patients.[33]

LUTS in patients with PD
Parkinson’s disease is the most common neurodegenerative mo-
tor disorder. The etiology of the disease in most patients is un-
known. The cardinal motor symptoms of PD are tremor, rigidity, 
bradykinesia/akinesia, and postural instability, but the clinical 
picture includes other motor and nonmotor symptoms.[34] NDO 
occurs in up to 70% and underactive bladder in up to 50% of the 
patients with PD, which has been suggested to reflect an altered 
frontal-basal ganglia circuit.[35] Irritative symptoms predomi-
nate, and urodynamic studies confirm a high prevalence of NDO 
in patients with PD. LUTD is present early and more common 
in patients with PD than in age-matched controls, while the in-
cidence of erectile dysfunction (ED) of more than 60% in men 
with PD is bothersome and the most distressing of their various 
disabilities imposed by the disease.[36]

The assessment of LUTD in patients with PD is complicated 
by coexisting bradykinesia and cognitive impairment. Although 
LUTD becomes more troublesome as PD progresses, it remains 
unclear if its severity correlates with motor symptoms and/or 
duration of PD.[37] Urodynamics is a key investigative tool. The 
bladder dysfunction complex pathophysiology in PD is usually 
not responsive to levodopa, and add-on therapy is necessary.[38] 
The PVR volume is minimal in patients with PD, which differs 
significantly from that in multiple system atrophy (MSA) pa-
tients who have a more progressive disease that leads to urinary 
retention. However, subclinical detrusor weakness during void-
ing may also occur in PD.[39] 

Dopaminergic drugs can improve or worsen LUTD in PD pa-
tients. Therefore, add-on therapy with antimuscarinics is re-
quired. β3 adrenergic agonists suggest a potential treatment 
option because they have little to no central cognitive events. 
Novel interventions, such as deep brain stimulation, are expect-
ed to improve bladder dysfunction in patients with PD. BTX-A 
injections can be used to treat intractable UI in patients with 
PD. Transurethral resection of the prostate for comorbid BPH 
in PD patients is indicated provided that MSA is excluded.[39] 
Office cystoscopy and low-dose BTX-A injection treatment is 
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a potential long-term management strategy for patients with PD 
and UI who fail oral medications. The treatment seems to be 
safely utilized in older men with BPH as well as women with 
potential hypoactive detrusor function.[40] In a recent study, so-
lifenacin succinate treatment led to an improvement in UI, de-
spite persistence in other LUTD symptoms.[40] Transcutaneous 
tibial nerve stimulation is effective in the treatment of LUTD in 
patients with PD, reducing urgency and nocturia episodes and 
improving urodynamic parameters.[41]

LUTS in patients with MS
MS is the most common progressive inflammatory demyelinat-
ing neurological disorder in young people, whose pathological 
hallmark is the disruption of myelin sheaths. The prevalence 
and severity of urinary system involvement closely correlate 
with the severity of the underlying disease,[42] duration of 
disease, and extent of spinal cord involvement.[43] Although 
urological symptoms are rare in the first presentation of MS 
(3%–10%), almost two-thirds of MS patients will suffer from 
moderate-to-severe urinary disturbances and almost all pa-
tients report LUTD 10 years or more after symptom onset.
[5] Nocturia followed by urinary urgency and frequency are 
the most prevalent signs. UI and poor bladder emptying are 
noticed less frequently.[44] Over 90% of the patients with MS 
reported experiencing LUTD regardless of gender, with symp-
toms reflective of the NDO.[45] 

Brain deficits in MS can also lead to a loss of voluntary control 
of initiation and NDO. Other LUTD symptoms secondary to 
MS are mediated by axonal damage in the pons and the spi-
nal cord. Damage to the lateral corticospinal and reticulospinal 
cords can result in DSD, NDO, and detrusor hypocontractility. 
The evaluation of LUTD in patients with MS should include 
history, physical and neurological examination, voiding dia-
ries, history of bowel or sexual dysfunction and two validated 
questionnaires: the actionable bladder symptom and screen-
ing tool [46] and the neurogenic bladder symptom score.[47] For 
patients with new bladder symptoms, urine testing to exclude 
hematuria or urinary tract infection and measurement of a PVR 
volume and renal ultrasound are both recommended, while 
urodynamic studies and cystoscopy are reserved for selected 
patients.[8,48] 

A number of treatment options can be used for MS-LUTD. The 
treatment is tailored according to the type of dysfunction: stor-
age (NDO) or voiding (DU or DSD). First-line treatments in-
clude behavioral modifications, fluid intake management, bio-
feedback, and pelvic floor muscle training along with physical 
therapy. Medical management of storage symptoms includes an-
timuscarinic drugs, desmopressin, and β3-adrenoreceptor ago-
nists. In cases with limited effectiveness or discontinuation due 
to side effects of first-line oral treatment, second-line treatments 

are available and include BTX-A injections, intravesical thera-
pies, invasive and noninvasive neuromodulators, and catheter-
ization.[49] The latter in terms of CISC or indwelling catheteriza-
tion suggests treatment options for voiding symptoms. The use 
of antimuscarinics in NDO is widespread, while the use of β3-
agonists seems an advantageous alternative to antimuscarinics 
in this population because of a more favorable side effect profile 
including less cognitive effects, impairment of bladder empty-
ing, and gastrointestinal motility, although there are currently no 
published randomized controlled trials assessing the efficacy of 
mirabegron in MS patients.[50] Systematic reviews have not con-
cluded superiority of one agent over others and suggest that the 
only difference between drugs is their side effect profiles. Mea-
surement of the PVR volume should be done preferably before 
antimuscarinic treatment is started.[51-53] For voiding problems, 
only α-blockers are currently considered for medical therapy, 
and in refractory cases neuromodulators, indwelling catheteriza-
tion, or CISC is considered.[44]

A study demonstrated for the first time that daily administra-
tion of tadalafil 5 mg in patients with MS improved the storage 
symptoms and PVR volume without urodynamic changes.[54] In-
tradetrusor BTX-A injection is an approved treatment modality 
for urge incontinence secondary to NDO. In a randomized trial, 
BTX-A significantly reduced UI and improved urodynamics and 
QoL in MS and SCI patients with NDO. Doses of 200 U and 300 
U were well-tolerated with no clinically relevant differences in 
efficacy nor duration of effect between the two doses.[55] Also, 
BTX-A may be used in the treatment of DSD in MS patients. 
A placebo-controlled double-blinded study failed to demon-
strate that a single injection of BTX-A toxin (100 U allergan) 
did not decrease PVR.[56] The sacral nerve modulation (SNM) 
is an alternative treatment for voiding dysfunction in patients 
with MS in a medium- to long-term follow-up. Urinary retention 
due to DU is a contraindication for SNM. This treatment option 
should be offered to MS patients with refractory urgent UI and 
MS patients with urinary retention due to DSD.[57] SNM may 
be an option in selected cases of storage and voiding symptoms 
refractory to conservative treatments, which have been caused 
by a stable or slowly progressive MS considering its minimal 
invasiveness and reversibility.[58] Chronic posterior tibial nerve 
stimulation is effective in the management of severe NDO in 
MS, without compromising bladder emptying or inducing side 
effects.[59]

Some patients with MS, especially those who are in a stable 
disease status, may benefit from surgery. The options include 
augmentation cystoplasty, a continent and non-continent urinary 
diversion. Augmentation cystoplasty is a major surgical proce-
dure with high potential morbidity, but data suggest that it is 
efficacious in MS patients with refractory LUTD for the long 
term.[60] Non-continent urinary diversion with ileal conduit ap-
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pears to be an effective end-stage solution in MS patients. The 
26% rate of perioperative morbidity and the 31% rate of late 
complication should be considered in order to inform patients 
prior to the operation.[61]

LUTS in patients with peripheral neuropathy
Diabetic bladder dysfunction (DBD) is currently referred to an 
“umbrella” description for a group of clinical symptoms that 
encompasses storage problems such as NDO and urge inconti-
nence, and voiding problems such as poor emptying or overflow 
incontinence. Its prevalence among diabetic individuals has 
been estimated to be between 43% and 87%. The most common 
urodynamic findings in diabetic patients are impairment of blad-
der sensation, increased PVR, and decreased detrusor contractil-
ity.[62] The pathogenesis of DBD is multifactorial. Alterations in 
the detrusor muscle physiology, neuronal impairment, and uro-
thelial dysfunctions are considered as participating factors. The 
choice regarding a specific treatment related to DBD depends on 
the urodynamic abnormalities found. 

The 2 main goals of treatment are to avoid overdistension of 
the bladder and to decrease PVR. In the first stage of treatment, 
noninvasive strategies should be considered, such as weight 
reduction or changes in diet, assessing the amount and timing 
of fluid intake, and bladder and pelvic muscle training.[63] An-
timuscarinic agents represent the cornerstone of treatment for 
patients who present with NDO symptoms. A multicenter, pro-
spective study confirmed that the management with solifenacin 
was equally effective for both DM-related NDO and idiopathic 
OAB.[64] α-blockers have shown some benefit in diabetic cys-
topathy concomitant with BOO.

Bethanechol chloride has been used with inconsistent results 
in DBD.[65] In patients with consistent residual volumes of over 
100 ml but not exceeding 500 ml, treatment with bethanechol 
(10 mg–20 mg orally 3–4 times a day) may be beneficial.[63] Au-
tonomic and sensory neuropathy with diminished bladder sensa-
tion and bladder contractility is the predominant urologic mani-
festation of diabetic cystopathy. Common treatment options 
include double void or straining to void and CISC or indwelling 
catheterization.[65] Cell-based therapies for DBD have shown 
promising results. Transplantation of ex vivo-cultured healthy 
smooth muscle cells into the bladders of diabetic rats resulted in 
increased bladder contractile responses and decreased PVR.[66] 
Adipose tissue–derived stem cells (ADSCs), a type of mesen-
chymal stromal cells, have shown promising results as a novel 
tissue regenerative technique that may be beneficial in DBD. 
Improved voiding function was noted in ADSC-treated rats as 
compared with phosphate-buffered saline-treated rats. ADSCs 
differentiated into smooth muscle cells resulting in a reduction 
of apoptosis and preservation of “suburothelial capillaries net-
work.” [67]

LUTS in patients with herniated disc
There is a correlation between the neurogenic bladder and the 
disc disease. Approximately 40% of the patients with lumbar 
disc disease have shown abnormal urodynamic testing and an 
even larger proportion complain of voiding symptoms. The most 
common urodynamic finding is detrusor areflexia, but DO or DU 
can also be observed. The overactive detrusor is related to early 
nerve roots stretching causing an irritative state responsible for 
overstimulation and NDO.[68] 

Cauda equina syndrome (CES) is most commonly caused by 
herniation of a lumbar disc, especially in middle-aged patients 
(40 years-60 years).[69] Acute disc herniation produces bilat-
eral sacral, buttock, perineal and posterior leg pain, tingling, 
and numbness as well as LUTD, with variable motor and sen-
sory involvement of lower extremities.[70,71] The syndrome can 
progress to paraplegia with rectal incontinence and UI indicat-
ing a need for urgent surgical intervention. Surgical treatment 
within 48 hours after onset leads to a 70% probability that the 
lost bladder function will be regained at 2 years; whereas with 
delayed care, the probability is only 40%. Up to 90% of the pa-
tients who receive timely treatment may regain the lost bladder 
function within 5 years.[72] Sudden urinary retention is consid-
ered the most important clinical feature heralding the onset of 
CES.[73] Urine retention may result in “overflow” incontinence, 
which may also be the presenting symptom. Although constipa-
tion may occur in acute CES, this and other anorectal or sexual 
symptoms often take much longer to become apparent to pa-
tients and physicians.[74] On urodynamic evaluation, underactive 
detrusor and urinary retention with loss of bladder sensation are 
shown. Rarely, insensitive bladder with poor compliance and 
detrusor overactivity can also occur.[75]

Electrically induced bulbocavernosus reflex (E-BCR) using 
electromyography examination has given excellent positive and 
negative predictive values for the recovery of bladder function 
in patients with CES. Determining the preservation of E-BCR 
in the subacute stage of CES is useful in predicting the eventual 
bladder dysfunction recovery.[76] A retrospective study demon-
strated that a decompressed surgery within 24 hours of the on-
set of autonomic symptoms in incomplete CES reduces bladder 
dysfunction at initial follow-up, but no statistically significant 
difference in outcome was observed in CES with retention re-
garding the timing of operation.[77]

LUTS in patients with MSA
MSA is an adult-onset, fatal neurodegenerative disease charac-
terized by progressive autonomic failure, parkinsonian features, 
and cerebellar and pyramidal features in various combinations.
[78] Several studies have demonstrated that MSA is a rather pri-
mary oligodendrogliopathy; however, the exact pathogenic 
mechanisms underlying MSA remain unclear.[79,80] MSA is char-
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acterized by a prodromal premotor phase in 20% to 75% of the 
cases, including sexual dysfunction, urinary urge incontinence 
or retention, orthostatic hypotension, inspiratory stridor, and 
rapid-eye-movement sleep behavior disorder, months to years 
before the first motor symptoms appear.[81] These symptoms in-
clude parkinsonism, with slowness of movements, rigidity, and 
a tendency to fall, while the cerebellar subtype of MSA consists 
of a wide-based gait, uncoordinated limb movements, action 
tremor, and spontaneous, gaze-evoked, or positional downbeat 
nystagmus.[78] As far as the nonmotor features of MSA are con-
cerned, the most frequently affected domains are the urogenital 
and the cardiovascular ones. Regarding the former, ED typically 
occurs at disease onset in male patients, while genital hyposen-
sitivity during intercourse characterizing the sexual dysfunc-
tion in women. Urinary dysfunction includes urinary urgency 
and frequency, urge incontinence, nocturia, and, less commonly, 
incomplete bladder emptying. The most frequent cardiovascu-
lar symptoms include severe orthostatic hypotension, recurrent 
syncopic episodes, light-headedness (dizziness), weakness, nau-
sea, tremulousness, headache, or “coat-hanger pain” (pain in the 
neck and shoulder region) on standing. Additionally, respiratory 
disturbances are characteristic of MSA, with diurnal or noctur-
nal inspiratory stridor developing in as many as 50% of the pa-
tients at some time.[82] 

The diagnosis of MSA is based on the medical history and neu-
rologic findings, with ancillary investigations, such as CT, MRI, 
PET, urodynamic studies, ultrasonography, and neuropsycho-
logical testing.[78]

Unfortunately, there are no specific treatment options for MSA, 
but only symptomatic therapy is available at present and most 
of the available prescribed drugs are off-label. In cases of par-
kinsonian predominance, levodopa is advisable.[82,83] There 
is no specific therapy available for the cerebellar symptoms. 
Clonazepam, gabapentin, and buspirone have also been effec-
tive treatment options in selected cases, and neurorehabilitation 
programs can be helpful.[84,85] In cases with neurogenic bladder 
symptoms, UTIs should be ruled out, while UI due to NDO can 
be treated with antimuscarinic agents. BTX-A injections in the 
detrusor muscle may be performed in patients whose condition 
does not improve with antimuscarinics and CISC as first-line 
therapy for urinary retention with PVR >100 ml. Sildenafil can 
reverse ED in men with MSA, but deterioration of the ortho-
static hypotension is a side effect.[86,87] Intracavernous injection 
of vasodilatory prostaglandins (e.g., alprostadil) can be used as 
an alternative approach.[88] 

Conclusions

The lower urinary tract is regulated by a coordinated, multilevel, 
neurological input that requires an intact central and peripheral 

nervous system. LUTD is a common sequela of neurological 
disease, and the patterns of bladder storage and voiding dys-
function depend on the level of the lesion. The lower urinary 
tract is sensitive to various diseases, such as cerebrovascular 
accidents, PD, MS, SCI, peripheral neuropathy, and herni-
ated disc or MSA. Incomplete bladder emptying is most often 
managed by CISC, and storage dysfunction by antimuscarinic 
drugs or β3-agonists. Intradetrusor injections of BTX-A have 
transformed the management of NDO. Neuromodulators offer 
promising results regarding the management of both storage and 
voiding dysfunction. Bladder augmentation surgery is indicated 
in cases where there is reduced compliance or NDO refractory 
to all other nonsurgical treatments. A regular and yearly clinical 
assessment of all neurogenic LUTD patients with their urolo-
gists is done to assess urological complications. Bladder recov-
ery using stem cell-based therapy is promising in experimental 
settings; however, its role in clinical neurogenic LUTD manage-
ment continues to evolve.

Peer-review: This manuscript was prepared by the invitation of the 
Editorial Board and its scientific evaluation was carried out by the Edi-
torial Board.

Author Contributions: Concept – M.M., A.P.; Design – M.M., A.P., 
M.A.C.; Supervision – M.M., Y.F.; Materials – M.A.C.; Data Collection 
and/or Processing – M.M., A.P., A.D.; Analysis and/or Interpretation – 
M.M., A.P., M.A.C., A.D.; Literature Search – M.M., A.P., M.A.C., A.D.; 
Writing Manuscript – M.M., A.P., M.A.C., A.D.; Critical Review – A.D.

Conflict of Interest: The authors have no conflicts of interest to de-
clare.

Financial Disclosure: The authors declared that this study has received 
no financial support.

References

1. Chapple CR, Wein AJ, Abrams P, Dmochowski RR, Giuliano F, 
Kaplan SA, et al. Lower urinary tract symptoms revisited: a broad-
er clinical perspective. Eur Urol 2008;54:563-9. 

2. Boyle P, Robertson C, Mazzetta C, Keech M, Hobbs FD, Four-
cade R, et al. The prevalence of lower urinary tract symptoms 
in men and women in four centres. The UrEpik study. BJU Int 
2003;92:409-14.

3. Lin PH, Freedland SJ. Lifestyle and lower urinary tract symptoms: 
what is the correlation in men? Curr Opin Urol 2015;25:1-5.

4. de Groat WC, Griffiths D, Yoshimura N. Neural control of the 
lower urinary tract. Compr Physiol 2015;5:327-96. 

5. Tudor KI, Sakakibara R, Panicker JN. Neurogenic lower uri-
nary tract dysfunction: evaluation and management. J Neurol 
2016;263:2555-64.

6. Panicker JN, Fowler CJ, Kessler TM. Lower urinary tract dysfunc-
tion in the neurological patient: clinical assessment and manage-
ment. Lancet Neurol 2015;14:720-32.

Turk J Urol
10.5152/tud.2020.20092



7. Panicker JN, De Sèze M, Fowler CJ. Neurogenic lower urinary 
tract dysfunction. Handb Clin Neurol 2013;110:209-20. 

8. Dellis A, Mitsogiannis I, Mitsikostas DD. Neurogenic bladder in 
Multiple Sclerosis. Hellenic Urology 2017;29:34-40.

9. Hristov KL, Afeli SA, Parajuli SP, Cheng Q, Rovner ES, Petkov 
GV. Neurogenic detrusor overactivity is associated with decreased 
expression and function of the large conductance voltage- and 
Ca(2+)-activated K(+) channels. PLoS One 2013;8:e68052.

10. Stoffel JT. Detrusor sphincter dyssynergia: a review of physiol-
ogy, diagnosis, and treatment strategies. Transl Androl Urol 
2016;5:127-35.

11. Mehnert U, Chartier-Kastler E, de Wachter S, van Kerrebroeck 
PEVA, van Koeveringe G. A.The Management of Urine Storage 
Dysfunction in the Neurological Patient. SN Comprehensive Clin 
Med 2018;1:160-82.

12. Nseyo U, Santiago-Lastra Y. Long-Term Complications of the 
Neurogenic Bladder. Urol Clin North Am 2017;44:355-66.

13. Ning GZ, Mu ZP, Shangguan L, Tang Y, Li CQ, Zhang ZF, et 
al. Epidemiological features of traumatic spinal cord injury in 
Chongqing, China. J Spinal Cord Med 2016;39:455-60. 

14. Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic Spinal 
Cord Injury: An Overview of Pathophysiology, Models and Acute 
Injury Mechanisms. Front Neurol 2019;10:282. 

15. Taweel WA, Seyam R. Neurogenic bladder in spinal cord injury 
patients. Res Rep Urol 2015;7:85-99. 

16. Corcos J. Practical guide to diagnosis and follow-up of patients 
with neurogenic bladder dysfunction. In: Corcos J, Ginsburg D, 
Karsenty G, editors. Textbook of the neurogenic bladder. 3rd ed. 
Boca Raton, FL, USA: CRC Press; 2015. pp. 443-6.

17. Welk B, Schneider MP, Thavaseelan J, Traini LR, Curt A, Kes-
sler TM. Early urological care of patients with spinal cord injury. 
World J Urol 2018;36:1537-44.

18. Zlatev DV, Shem K, Elliott CS. How many spinal cord injury pa-
tients can catheterize their own bladder? The epidemiology of up-
per extremity function as it affects bladder management. Spinal 
Cord 2016;54:287-91.

19. Romo PGB, Smith CP, Cox A, Averbeck MA, Dowling C, Beck-
ford C, et al. Non-surgical urologic management of neurogenic 
bladder after spinal cord injury. World J Urol 2018;36:1555-68.

20. Madersbacher H, Mürtz G, Stöhrer M. Neurogenic detrusor over-
activity in adults: a review on efficacy, tolerability and safety of 
oral antimuscarinics. Spinal Cord 2013;51:432-41.

21. Han SH, Cho IK, Jung JH, Jang SH, Lee BS. Long-Term Ef-
ficacy of Mirabegron Add-On Therapy to Antimuscarinic 
Agents in Patients With Spinal Cord Injury. Ann Rehabil Med 
2019;43:54-61.

22. Li GP, Wang XY, Zhang Y. Efficacy and Safety of Onabotulinum-
toxinA in Patients With Neurogenic Detrusor Overactivity Caused 
by Spinal Cord Injury: A Systematic Review and Meta-analysis. 
Int Neurourol J 2018;22:275-86.

23. Radziszewski K. Outcomes of electrical stimulation of the neuro-
genic bladder: results of a two-year follow-up study. NeuroReha-
bilitation 2013;32:867-73.

24. Stoffel JT. Detrusor sphincter dyssynergia: a review of physiol-
ogy, diagnosis, and treatment strategies. Transl Androl Urol 
2016;5:127-35. 

25. Eldahan KC, Rabchevsky AG. Autonomic dysreflexia after spinal 
cord injury: Systemic pathophysiology and methods of manage-
ment. Auton Neurosci 2018;209:59-70. 

26. Thomas LH, Coupe J, Cross LD, Tan AL, Watkins CL. Interven-
tions for treating urinary incontinence after stroke in adults. Co-
chrane Database Syst Rev 2019;2:CD004462.

27. Mehdi Z, Birns J, Bhalla A. Post-stroke urinary incontinence. Int J 
Clin Pract 2013;67:1128-37.  

28. Tibaek S, Gard G, Klarskov P, Iversen HK, Dehlendorff C, Jensen 
R. Prevalence of lower urinary tract symptoms (LUTS) in stroke 
patients: a cross-sectional, clinical survey. Neurourol Urodyn 
2008;27:763-71.

29. Han KS, Heo SH, Lee SJ, Jeon SH, Yoo KH. Comparison of uro-
dynamics between ischemic and hemorrhagic stroke patients; can 
we suggest the category of urinary dysfunction in patients with 
cerebrovascular accident according to type of stroke? Neurourol 
Urodyn 2010;29:387-90.

30. Panfili Z, Metcalf M, Griebling TL. Contemporary Evaluation and 
Treatment of Poststroke Lower Urinary Tract Dysfunction. Urol 
Clin North Am 2017;44:403-14.

31. Tuong NE, Klausner AP, Hampton LJ. A review of post-stroke uri-
nary incontinence. Can J Urol 2016;23:8265-70.

32. DI Benedetto P, Finazzi-Agrò E. Conservative management of 
adult neurogenic lower urinary tract dysfunction. Eur J Phys Reha-
bil Med 2017;53:981-90.

33. Liu Y, Xu G, Luo M, Teng HF. Effects of Transcutaneous Electri-
cal Nerve Stimulation at Two Frequencies on Urinary Incontinence 
in Poststroke Patients: A Randomized Controlled Trial. Am J Phys 
Med Rehabil 2016;95:183-93.

34. Balestrino R, Schapira AHV. Parkinson disease. Eur J Neurol 
2020;27:27-42.

35. Liu Z, Uchiyama T, Sakakibara R, Yamamoto T. Underactive and 
overactive bladders are related to motor function and quality of life 
in Parkinson’s disease. Int Urol Nephrol 2015;47:751-7. 

36. Papatsoris AG, Deliveliotis C, Singer C, Papapetropou-
los S. Erectile dysfunction in Parkinson’s disease. Urology 
2006;67:447-51.

37. McDonald C, Winge K, Burn DJ. Lower urinary tract symptoms in 
Parkinson’s disease: Prevalence, aetiology and management. Par-
kinsonism Relat Disord 2017;35:8-16.

38. Brucker BM, Kalra S. Parkinson’s Disease and Its Effect on the 
Lower Urinary Tract: Evaluation of Complications and Treatment 
Strategies. Urol Clin North Am 2017;44:415-28.

39. Sakakibara R, Panicker J, Finazzi-Agro E, Iacovelli V, Bruschini 
H; Parkinson’s Disease Subcomittee, The Neurourology Promo-
tion Committee in The International Continence Society, et al. 
A guideline for the management of bladder dysfunction in Par-
kinson’s disease and other gait disorders. Neurourol Urodyn 
2016;35:551-63.

40. Zesiewicz TA, Evatt M, Vaughan CP, Jahan I, Singer C, Ordorica 
R, et al. Randomized, controlled pilot trial of solifenacin succinate 
for overactive bladder in Parkinson’s disease. Parkinsonism Relat 
Disord 2015;21:514-20.

41. Perissinotto MC, DʼAncona CA, Lucio A, Campos RM, Abreu A. 
Transcutaneous tibial nerve stimulation in the treatment of lower 
urinary tract symptoms and its impact on health-related quality of 

Moussa et al. LUTD in common neurological diseases



life in patients with Parkinson disease: a randomized controlled 
trial. J Wound Ostomy Continence Nurs 2015;42:94-9. 

42. Wintner A, Kim MM, Bechis SK, Kreydin EI. Voiding Dysfunc-
tion in Multiple Sclerosis. Semin Neurol 2016;36:34-40. 

43. de Sèze M, Ruffion A, Denys P, Joseph PA, Perrouin-Verbe B; 
GENULF. The neurogenic bladder in multiple sclerosis: review of 
the literature and proposal of management guidelines. Mult Scler 
2007;13:915-28.

44. Aharony SM, Lam O, Corcos J. Evaluation of lower urinary tract 
symptoms in multiple sclerosis patients: Review of the literature 
and current guidelines. Can Urol Assoc J 2017;11:61-4. 

45. Khalaf KM, Coyne KS, Globe DR, Armstrong EP, Malone DC, 
Burks J. Lower urinary tract symptom prevalence and management 
among patients with multiple sclerosis. Int J MS Care 2015;17:14-
25. 

46. Burks J, Chancellor M, Bates B, Denys P, Macdiarmid S, Nitti V, et 
al. Development and validation of the actionable bladder symptom 
screening tool for multiple sclerosis patients. Int J MS Care Winter 
2013;15:182-92. 

47. Welk B, Morrow S, Madarasz W, Baverstock R, Macnab J, Se-
queira K. The validity and reliability of the neurogenic bladder 
symptom score. J Urol 2014;192:452-7.

48. Corcos J. A urological challenge: Voiding dysfunction in multiple 
sclerosis. Can Urol Assoc J 2013;7(9-10 Suppl 4):S181-2. 

49. Tornic J, Panicker JN. The Management of Lower Urinary Tract 
Dysfunction in Multiple Sclerosis. Curr Neurol Neurosci Rep 
2018;18:54. 

50. Sadiq A, Brucker BM. Management of Neurogenic Lower Urinary 
Tract Dysfunction in Multiple Sclerosis Patients. Curr Urol Rep 
2015;16:44-54. 

51. Madhuvrata P, Singh M, Hasafa Z, Abdel-Fattah M. Anticholiner-
gic drugs for adult neurogenic detrusor overactivity: A systematic 
review and meta-analysis. Eur Urol 2012;62:816-30. 

52. Buser N, Ivic S, Kessler TM, Kessels AGH, Bachmann LM. Effi-
cacy and adverse events of antimuscarinics for treating overactive 
bladder: Network metaanalyses. Eur Urol 2012;62:1040-60.

53. Nicholas R, Young C, Friede T. Bladder symptoms in multiple 
sclerosis: a review of pathophysiology and management. Expert 
Opin Drug Saf 2010;9:905-15.

54. Francomano D, Ilacqua A, Cortese A, Tartaglia G, Lenzi A, 
Inghilleri M, et al. Effects of daily tadalafil on lower uri-
nary tract symptoms in young men with multiple sclerosis 
and erectile dysfunction: a pilot study. J Endocrinol Invest 
2017;40:275-9.

55. Cruz F, Herschorn S, Aliotta P, Brin M, Thompson C, Lam W, et 
al. Efficacy and safety of onabotulinumtoxinA in patients with 
urinary incontinence due to neurogenic detrusor overactivity: 
a randomised, double-blind, placebo-controlled trial. Eur Urol 
2011;60:742-50.

56. Gallien P, Reymann JM, Amarenco G, Nicolas B, de Sèze M, 
Bellissant E. Placebo controlled, randomised, double blind study 
of the effects of botulinum A toxin on detrusor sphincter dyssyn-
ergia in multiple sclerosis patients. J Neurol Neurosurg Psychiatry 
2005;76:1670-6.

57. Minardi D, Muzzonigro G. Sacral neuromodulation in patients 
with multiple sclerosis. World J Urol 2012;30:123-8.

58. Andretta E, Simeone C, Ostardo E, Pastorello M, Zuliani C. Use-
fulness of sacral nerve modulation in a series of multiple sclerosis 
patients with bladder dysfunction. J Neurol Sci 2014;347:257-
61.

59. de Sèze M, Raibaut P, Gallien P, Even-Schneider A, Denys P, Bon-
niaud V, et al. Transcutaneous posterior tibial nerve stimulation for 
treatment of the overactive bladder syndrome in multiple sclero-
sis: results of a multicenter prospective study. Neurourol Urodyn 
2011;30:306-11.

60. Kalkan S, Jaffe WI, Simma-Chiang V, Li ESW, Blaivas JG. Long 
term results of augmentation cystoplasty and urinary diversion in 
multiple sclerosis. Can J Urol 2019;26:9774-80.

61. Akakpo W, Chartier-Kastler E, Joussain C, Denys P, Lubetzki C, 
Phé V. Outcomes of ileal conduit urinary diversion in patients with 
multiple sclerosis. Neurourol Urodyn 2020;39:771-7.

62. Liu G, Daneshgari F. Diabetic bladder dysfunction. Chin Med J 
2014;127:1357-64.

63. Golbidi S, Laher I. Bladder dysfunction in diabetes mellitus. Front 
Pharmacol 2010;1:136. 

64. Choi H, Bae JH, Oh CY, Jeong SJ, Ko WJ, Choi JB, et al. 
Clinical Efficacy of Solifenacin in the Management of Diabe-
tes Mellitus-Associated Versus Idiopathic Overactive Bladder 
Symptoms: A Multicenter Prospective Study. Int Neurourol J 
2018;22:51-7. 

65. Miyazato M, Yoshimura N, Chancellor MB. The other bladder 
syndrome: underactive bladder. Rev Urol 2013;15:11-22.

66. Gopinath C, Ponsaerts P, Fransen E, Boeykens N, Pauwels P, 
Wyndaele JJ. Smooth muscle cell transplantation improves blad-
der contractile function in streptozocin-induced diabetic rats. Cy-
totherapy 2013;15:869-78.

67. Zhang H, Qiu X, Shindel AW, Ning H, Ferretti L, Jin X, et al. Adi-
pose tissue-derived stem cells ameliorate diabetic bladder dysfunc-
tion in a type II diabetic rat model. Stem Cells Dev 2012;21:1391-
400.

68. Siracusa G, Sparacino A, Lentini VL. Neurogenic bladder and 
disc disease: a brief review. Curr Med Res Opin 2013;29:1025-
31. 

69. Podnar S. Epidemiology of cauda equina and conus medullaris le-
sions. Muscle Nerve 2007;35:529-31. 

70. Jalloh I, Minhas P. Delays in the treatment of cauda equina syn-
drome due to its variable clinical features in patients presenting to 
the emergency department. Emerg Med J 2007;24:33-4.

71. Podnar S, Vodušek DB. Lower urinary tract dysfunction in pa-
tients with peripheral nervous system lesions. Handb Clin Neurol 
2015;130:203-24.

72. Bednar DA. Cauda equina syndrome from lumbar disc herniation. 
CMAJ 2016;188:284. 

73. DeLong WB, Polissar N, Neradilek B. Timing of surgery in cauda 
equina syndrome with urinary retention: meta-analysis of observa-
tional studies. J Neurosurg Spine 2008;8:305-20. 

74. Kostuik JP. Medicolegal consequences of cauda equina syndrome: 
an overview. Neurosurg Focus 2004;16:e8. 

75. Podnar S, Trsinar B, Vodusek DB. Bladder dysfunction in patients 
with cauda equina lesions. Neurourol Urodyn 2006;25:23-31.

76. Lee DG, Kwak SG, Chang MC. Prediction of the outcome of blad-
der dysfunction based on electrically induced reflex findings in 

Turk J Urol
10.5152/tud.2020.20092



patients with cauda equina syndrome: A retrospective study. Medi-
cine (Baltimore) 2017;96:e7014. 

77. Srikandarajah N, Boissaud-Cooke MA, Clark S, Wilby MJ. Does 
early surgical decompression in cauda equina syndrome improve 
bladder outcome? Spine (Phila Pa 1976) 2015;40:580-3.

78. Fanciulli A, Wenning GK. Multiple-system atrophy. N Engl J Med 
2015;372:249-63. 

79. Ahmed Z, Asi YT, Sailer A, et al. The neuropathology, pathophysi-
ology and genetics of multiple system atrophy. Neuropathol Appl 
Neurobiol 2012;38:4-24. 

80. Wenning GK, Stefanova N, Jellinger KA, Poewe W, Schlossmach-
er MG. Multiple system atrophy: a primary oligodendrogliopathy. 
Ann Neurol 2008;64:239-46. 

81. Jecmenica-Lukic M, Poewe W, Tolosa E, Wenning GK. Premotor 
signs and symptoms of multiple system atrophy. Lancet Neurol 
2012;11:361-8. 

82. Kollensperger M, Geser F, Seppi K, Stampfer-Kountchev M, 
Sawires M, Scherfler C, et al. Red flags for multiple system atro-
phy. Mov Disord 2008;23:1093-9. 

83. Rey MV, Perez-Lloret S, Pavy-Le Traon A, Meissner WG, Tison F, 
Rascol O. A cross-sectional study on drug use in multiple system 
atrophy. CNS Drugs 2014;28:483-90. 

84. Gazulla J, Benavente MI. Improvements in the symptoms of olivo-
pontocerebellar atrophy with gabapentin. Rev Neurol 2005;40:285-8.

85. Heo JH, Lee ST, Chu K, Kim M. The efficacy of combined es-
trogen and buspirone treatment in olivopontocerebellar atrophy. J 
Neurol Sci 2008;271:87-90. 

86. Hussain IF, Brady CM, Swinn MJ, Mathias CJ, Fowler CJ. Treat-
ment of erectile  dysfunction with sildenafil citrate (Viagra) in par-
kinsonism due to Parkinson’s disease or multiple system atrophy 
with observations on orthostatic hypotension. J Neurol Neurosurg 
Psychiatry 2001;71:371-4. 

87. Papatsoris AG, Papapetropoulos S, Singer C, Deliveliotis C. Uri-
nary and erectile dysfunction in multiple system atrophy (MSA). 
Neurourol Urodyn 2008;27:22-7. 

88. Papapetropoulos S, Tuchman A, Laufer D, Papatsoris AG, Papa-
petropoulos N, Mash DC. Causes of death in multiple system atro-
phy. J Neurol Neurosurg Psychiatry 2007;78:327-9.

Moussa et al. LUTD in common neurological diseases

View publication statsView publication stats

https://www.researchgate.net/publication/340953435

