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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.
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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.!"! 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.’! 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.”!
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.™ 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.' 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 [33-agonists.”# 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.””! 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. " 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."" It has been
demonstrated that neurological disorders can lead to common
and morbid urological complications, including UI, UTTs, uroli-
thiasis, urosepsis, ureteric obstruction, vesicoureteral reflux, and
renal failure.l'”

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

e 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.

e Antimuscarinics and 33-adrenoreceptor agonists may be help-
ful in most of the cases and remain as the first line of therapy.

e 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).

e 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.

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.!') 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 C5.1'Y The
most common urological complications following SCI are UTIs,
upper and lower urinary tract dysfunction, and bladder or renal
stones.

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.'*!

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.!'” 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.'”? 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.”” Mirabegron, a [33-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.?"

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).??! Transcutaneous electrical
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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.”! 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.!™

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.*4

SCI at or above the 6% 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.

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.
1261 Tt is well established that this condition is a strong prognostic
marker of stroke severity and is associated with poor functional
outcomes.” 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%.1®! 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.*”!

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

as behavioral therapy, and pharmacologic agents including an-
timuscarinics and B-adrenergic medications have not been well
studied in post-stroke patients. Ul in stroke patients needs to be
further studied to help decrease morbidity and mortality rates
within this population.®*"? 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.®? Transcutaneous elec-
trical nerve stimulation improved incontinence symptoms and
promoted activities of daily living of post-stroke patients.?*!

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.**! 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.® 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.*®)

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.?"! 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.>®
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.5*

Dopaminergic drugs can improve or worsen LUTD in PD pa-
tients. Therefore, add-on therapy with antimuscarinics is re-
quired. B3 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 Ul in patients with
PD. Transurethral resection of the prostate for comorbid BPH
in PD patients is indicated provided that MSA is excluded.?”
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.*” In a recent study, so-
lifenacin succinate treatment led to an improvement in UlI, de-
spite persistence in other LUTD symptoms.“*?! Transcutaneous
tibial nerve stimulation is effective in the treatment of LUTD in
patients with PD, reducing urgency and nocturia episodes and
improving urodynamic parameters.!!

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*” duration of
disease, and extent of spinal cord involvement.*¥ Although
urological symptoms are rare in the first presentation of MS
(B3%—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.
151 Nocturia followed by urinary urgency and frequency are
the most prevalent signs. Ul and poor bladder emptying are
noticed less frequently.* Over 90% of the patients with MS
reported experiencing LUTD regardless of gender, with symp-
toms reflective of the NDO.™!

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 1“9 and the neurogenic bladder symptom score.*”’ 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. 848!

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 [33-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."! 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 33-
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.’” 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.”'¥ For voiding problems,
only a-blockers are currently considered for medical therapy,
and in refractory cases neuromodulators, indwelling catheteriza-
tion, or CISC is considered.**!

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.** 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.’ 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."® 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.5” 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.’®! Chronic posterior tibial nerve
stimulation is effective in the management of severe NDO in
MS, without compromising bladder emptying or inducing side
effects.k>”

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.'"”! 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.!!

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 [l 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.¥ 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."*Y a-blockers have shown some benefit in diabetic cys-
topathy concomitant with BOO.

Bethanechol chloride has been used with inconsistent results
in DBD.'®! 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.**! 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.® 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.!%%
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.” 1671

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.1¢¥!

Cauda equina syndrome (CES) is most commonly caused by
herniation of a lumbar disc, especially in middle-aged patients
(40 years-60 years).®” 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.”®”!! The syndrome can
progress to paraplegia with rectal incontinence and Ul 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.”” Sudden urinary retention is consid-
ered the most important clinical feature heralding the onset of
CES."¥ 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.”! 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.”

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.’® 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.””

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.
781 Several studies have demonstrated that MSA is a rather pri-
mary oligodendrogliopathy; however, the exact pathogenic
mechanisms underlying MSA remain unclear.”* 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.®"! These symptoms include par-
kinsonism, 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.”®!
As far as the nonmotor features of MSA are concerned, the most
frequently affected domains are the urogenital and the cardiovas-
cular ones. Regarding the former, ED typically occurs at disease
onset in male patients, while genital hyposensitivity during inter-
course characterizing the sexual dysfunction in women. Urinary
dysfunction includes urinary urgency and frequency, urge incon-
tinence, nocturia, and, less commonly, incomplete bladder empty-
ing. The most frequent cardiovascular symptoms include severe
orthostatic hypotension, recurrent syncopic episodes, light-head-
edness (dizziness), weakness, nausea, 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 nocturnal inspiratory stridor developing
in as many as 50% of the patients at some time.s?

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./”!

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.®#! 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 3% 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.®*#” Intracavernous injection
of vasodilatory prostaglandins (e.g., alprostadil) can be used as
an alternative approach.8

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 (33-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.
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