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Parkinson's disease (PD) is recognized as the
most common neurodegenerative disorder
after Alzheimer's disease. Lower urinary tract symptoms are
common in patients with PD, either storage symptoms (overac-
tive bladder symptoms or OAB) or voiding symptoms. The most
important diagnostic clues for urinary disturbances are provided
by the patient's medical history. Urodynamic evaluation allows
the determination of the underlying bladder disorder and may
help in the treatment selection. Pharmacologic interventions
especially anticholinergic medications are the first-line option
for treating OAB in patients with PD. However, it is important
to balance the therapeutic benefits of these drugs with their
potential adverse effects. Intra-detrusor Botulinum toxin injec-
tions, electrical stimulation were also used to treat OAB in those
patients with variable efficacy. Mirabegron is a B3-agonist that
can also be used for OAB with superior tolerability to anti-
cholinergics. Desmopressin is effective for the management of
nocturnal polyuria which has been reported to be common in
PD. Deep brain stimulation (DBS) surgery is effective in improv-
ing urinary functions in PD patients. Sexual dysfunction is also
common in PD. Phosphodiesterase type 5 inhibitors are first-line
therapies for PD-associated erectile dysfunction (ED). Treatment
with apomorphine sublingually is another therapeutic option for
PD patients with ED. Pathologic hypersexuality has occasionally
been reported in patients with PD, linked to dopaminergic ago-
nists. The first step of treatment of hypersexuality consists of
reducing the dose of dopaminergic medication. This review sum-
marizes the epidemiology, pathogenesis, risk factors, genetic,
clinical manifestations, diagnostic test, and management of PD.
Lastly, the urologic outcomes and therapies are reviewed.
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INTRODUCTION

Parkinson’s disease (PD) is the most common neurodegen-
erative movement disorder. In Europe, the prevalence and
incidence rates for PD are estimated at approximately 108-
257/100 000 and 11-19/100 000 per year, respectively
(1). Although the cause of PD is unknown, the pathologic
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manifestation involves the loss or dysfunction of dopamin-
ergic neurons in the substantia nigra pars compacta (2).
The neuropathologic hallmark of PD is the presence of
Lewy bodies composed mostly of alpha-synuclein and
ubiquitin. It is believed that the occurrence of PD is due to
a combination of genetic and environmental factors (3).
The cardinal motor symptoms of PD are tremor, rigidity,
bradykinesia/akinesia, and postural instability, but the
clinical picture includes other motor and non-motor
symptoms (4). A variety of non-motor symptoms are com-
mon in PD. They include disturbed autonomic function
with orthostatic hypotension, constipation and urinary
disturbances, a variety of sleep disorders and a spectrum of
neuropsychiatric symptoms (5). Diagnosis of PD is based
on history and examination. History can include prodro-
mal features (rapid eye movement, sleep behavior disor-
der, hyposmia, constipation), characteristic movement dif-
ficulty (tremor, stiffness, slowness), and psychological or
cognitive problems (cognitive decline, depression, anxi-
ety). Examination typically demonstrates bradykinesia
with tremor, rigidity, or both. Dopamine transporter sin-
gle-photon emission computed tomography can improve
the accuracy of diagnosis when the presence of parkinson-
ism is uncertain (6). Misdiagnoses between Parkinson’s
tremor and essential tremor are relatively common.
Electrophysiological and functional imaging examinations
can be useful in the distinction of the two, but both
approaches suffer from some limitations (7). PD interferes
with various aspects of quality of life, particularly those
related to physical and social functioning (8).

The primary goal in the management of PD is to treat the
symptomatic motor and nonmotor features of the disor-
der. Effective management should include a combination
of nonpharmacological and pharmacological strategies to
maximize clinical outcomes (9). Oral levodopa, the initial
gold-standard therapy for PD, is still the most effective
and widely used therapeutic option (10). In advanced
PD, therapeutic interventions include device-aided thera-
pies such as continuous subcutaneous apomorphine infu-
sion, levodopa-carbidopa intestinal gel infusion, and
deep brain stimulation (11). Supportive non-pharmaco-
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logical therapies are used in early and advanced PD
patients. It should include physical rehabilitation, psy-
chological support, occupational therapy, speech, lan-
guage, and swallowing therapy, and nutrition (12).
Bladder dysfunctions are quite common in PD. They may
occur at any stage of the illness and get worse with
advancing and aggravating disease. The most prominent
dysfunction is the so-called overactive bladder (OAB). The
main clinical problem of PD patients consists in reduced
inhibition with consequentially resulting overactivity of
the detrusor muscle, meaning the urge to urinate in the
absence of adequate bladder filling (13). The most com-
mon storage symptoms of patients with PD are nocturia,
followed by frequency and urinary incontinence. Some
patients presented functional obstructive symptoms. The
most frequent obstructive symptom was incomplete emp-
tying of the bladder (14). Obstructive symptoms may be
secondary to anticholinergics, obstructive uropathy, or
point to the presence of multiple system atrophy (MSA).
Dysfunction of the striated urethral sphincter and pelvic
musculature can be seen in variable numbers in PD (15).
Antimuscarinic medications are the first-line treatment for
OAB symptoms. Antimuscarininc drugs may exacerbate
PD-related constipation and xerostomia, and caution is
advised when using these medications in individuals
where cognitive impairment is suspected. Desmopressin is
effective for the management of nocturnal polyuria which
has been reported to be common in PD. Intra-detrusor
injections of botulinum toxin are effective therapy for
detrusor overactivity, however, are associated with the risk
of urinary retention (16). Subthalamic deep brain stimula-
tion (DBS) has a significant and urodynamically recordable
effect leading to a normalization of pathologically
increased bladder sensibility (17). Percutaneous tibial nerve
stimulation (PTNS) improves the urinary symptoms and
urodynamic parameters in patients with PD (18).

Sexual dysfunction (SD) in PD, which has been suggested as
a result of central and autonomic dysfunction compound-
ed by defective motor skills, reduced self-esteem, and
comorbid psychiatric states like anxiety and depression
(19). The prevalence of SD is reported high in male
patients (65%), but much lower in female patients (36%).
There are different types of SD: erectile dysfunction (ED) and
loss of ejaculation control in male patients, and much
lower self-esteem in female patients (20). Optimal
dopaminergic treatment should facilitate sexual encounters
of the couple. Appropriate counseling diminishes some of
the problems (reluctance to engage in sex, problems with
ejaculation, lubrication, and urinary incontinence).
Treatment of ED with sildenafil and apomorphine is evi-
dence-based (21). We performed a narrative review to
briefly discuss the epidemiology, pathogenesis, risk factors,
genetic contribution, clinical course, diagnosis, and treat-
ment of PD. The urologist had an important role in the
management of urologic manifestations of patients with
PD. We reviewed the current literature regarding the uro-
logical outcomes and management of patients with PD.

MATERIALS AND METHODS
We searched electronic databases including PubMed, the
Scopus database for published studies that analyzed the
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role of the following Medical Subject Headings terms:
‘Parkinson’s disease’ (AND) ‘Management’ (AND) ‘Diagnosis’
(AND) ‘epidemiology’ (AND) ‘genetic contribution’ (AND)
‘risk factor’ (OR) ‘Parkinson’s disease’ (AND) ‘urologic dys-
function’” (AND) ‘Management’ (OR) ‘Parkinson’s disease’
(AND) ‘Erectile dysfunction’ (AND) ‘Management’.

This was done to ensure the comprehensive inclusion of
articles related to neurogenic bladder in PD patients. The
initial search resulted in 350 articles. After review, we ini-
tially excluded papers that were not relevant (72). At the
completion of the review, articles were selected based on
their clinical relevance related to the aim. When all dupli-
cates are thrown out, a total of 90 papers were used to
extract necessary information.

OVERVIEW OF PD

Epidemiology of PD

PD affects 1-2 per 1000 of the population at any time. PD
prevalence is increasing with age, it affects 1% of the pop-
ulation above 60 years (22). The median age of onset is
60 years; the mean duration of the disease from diagnosis
to death is 15 years. Male sex is recognized as a promi-
nent risk factor in developing PD. Both incidence and
prevalence of PD are 1.5 to 2.0 times higher in men than
in women. Age at onset is 2.1 years later in women (53.4
years) than in men (51.3 years) (23).

The overall prevalence of PD appears to be lower in
Eastern studies compared to Western ones. In a meta-
analysis of 39 European studies until 2004, the authors
reported a prevalence rate of 108-257/100,000 when
considering only high-quality studies that utilized a stan-
dard diagnostic criterion (24).

Pathogenesis of PD

The main pathological features of PD are the loss of
dopaminergic neurons with subsequent depigmentation
of the substantia nigra pars compacta and the presence of
Lewy bodies (25).

Lesions initially occur in the dorsal motor nucleus of the
glossopharyngeal and vagal nerves and anterior olfactory
nucleus. Thereafter, less vulnerable nuclear grays and
cortical areas gradually become affected (26).

The spinal cord lesions may contribute to clinical symp-
toms (pain, constipation, poor balance, lower urinary
tract complaints, and sexual dysfunction) that occur dur-
ing the premotor and motor phases of sporadic PD (27).
PD does not fulfill key criteria to be diagnosed as pri-
onopathy. Nonetheless, abnormal forms of a-synuclein
seem to propagate in the brain of PD patients.

The finding of Lewy bodies and a-synuclein deposits in
nigral fetal neurons transplanted over a decade earlier
into the striatum could support the existence of a prion-
like pathogen as the cause of PD (28).

Risk factors of PD

Significant predictors of PD emerged (in order of
strength): pesticide use, family history of neurologic dis-
ease, and history of depression. The predicted probabili-
ty of PD was 92.3% (odds ratio = 12.0) with all three pre-
dictors positive (29). Other potential risk factors include
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Table 1.
Motor and non-motor symptoms of Parkinson’s disease.

Motor symptoms Non motor symptomse

* Tremor * Neuropsychiatric problems: cognitive impairment, depression, anhedonia, apathy, anxiety, panic attacks, delirium, hallucinations, illusions

* Rigidity * Sleep problems

* Bradykinesia, akinesia * Oily skin, dandruff

* Loss of balance * Sensory impairment

* Speech and facial expression difficulties

* Urinary disturbances: Urgency, frequency, urge incontinence, nocturia, sexual dysfunction

* Gait disturbance

* Gastrointestinal disturbances: Drooling, dyspepsia, constipation, abdominal pain, fecal incontinence

* Impaired handwriting and grip force

* Blood pressure variations with orthostatic hypotension and  tachycardia

 Fatigue

environmental toxins, drugs, brain microtrauma, focal
cerebrovascular damage, and genomic defects (30). There
is an association between anemia experienced early in life
and the later development of PD (31). Exposure to toxins
in the environment has been linked to PD-associated neu-
rodegeneration particularly heavy metals, pesticides, and
illicit drugs (32). Some infectious diseases such as
mumps, scarlet fever, influenza, whooping cough, and
herpes simplex infections may play a role in the develop-
ment of PD (33).

Genetic contribution to PD

A-synuclein (SNCA) was the first PD gene identified in a
large Italian-American family (the Contursi kindred) with
autosomal dominant inheritance (34). A total of 18 PD loci
have been nominated through linkage analysis (PARK1-15)
or genome wide association studies (PARK16-18).
Mutations within the genes at 6 of these loci (SNCA,
LRRK2, PRKN, DJ1, PINK1, and ATP13A2) have conclu-
sively been demonstrated to cause familial parkinsonism.
In addition, common polymorphisms within 2 of these
same genes (SNCA and LRRK2) and variation in 2 other
genes not assigned to a PARK locus (MAPT and GBA) are
now well-validated risk factors for PD (35).

Clinical Features of PD

PD comprises a range of motor and non-motor features
(Table 1).

The presence of bradykinesia, rest tremor, rigidity, and
loss of postural reflexes are the most commonly identified
motor symptoms of PD, although other clinical features
can also be identified during disease progressions, such as
bulbar dysfunction, neuro-ophthalmological abnormali-
ties, and respiratory disturbances (36). Most non-motor
symptoms are not fully levodopa-responsive and are sug-
gested to manifest extra-nigral pathology. These symp-
toms include autonomic, sleep, sensory, and neuropsy-
chiatric symptoms (37).

Diagnosis of PD

The Movement Disorder Society (MDS) clinical diagnostic cri-
teria for PD mentioned that the first essential criterion is
parkinsonism, which is defined as bradykinesia, in combi-
nation with at least 1 of rest tremor or rigidity. Once parkin-
sonism has been diagnosed, the diagnosis of clinically
established PD requires absence of absolute exclusion crite-
ria, at least two supportive criteria, and no red flags (38).
Those criteria and red flags are summarized in Table 2.

Early falls, poor response to levodopa, symmetry of motor
manifestations, lack of tremor, and early autonomic dys-
function are probably useful in distinguishing other parkin-
sonian syndromes from PD. The levodopa or apomorphine
challenge and olfactory testing are probably useful in dis-
tinguishing PD from other parkinsonian syndromes (39).
Structural MRI is useful to differentiate PD from second-
ary and atypical forms of parkinsonism. 123I-ioflupane
single-photon emission computed tomography (SPECT) is a
valid tool in the differential diagnosis between PD and
non-degenerative tremors. Cardiac 123I-metaiodobenzyl-
guanindine SPECT and 18F-FDG positron emission tomog-
raphy (PET) have the potential to differentiate PD from
atypical parkinsonism (40).

Differential diagnosis

Although the most common cause of parkinsonism is PD,
the differential diagnosis includes many other causes of
parkinsonism. Aside from drug-induced parkinsonism,
related to drug-induced changes in the basal ganglia
motor circuit secondary to dopaminergic receptor block-
ade, the most common mimickers of PD are parkinsonian
syndromes, such as MSA and progressive supranuclear
palsy, dementia with Lewy bodies (DLB), vascular parkin-
sonism (VP), a parkinsonian syndrome that is associated
with cerebrovascular disease (41).

Management of PD

There are several drugs available to treat motor impair-
ments in PD. First, drugs that increase brain levels of
dopamine such as Levodopa are used. In addition, drugs
that mimic dopamine were used such as dopamine ago-
nists. Lastly, drugs that inhibit dopamine breakdown has
been used. MAO-B inhibitors can inhibit the activity of
monoamine oxidase B. Usually, MOA-B inhibitors reduce
the symptoms of PD. Selegiline or deprenyl is one of the
inhibitors of MOA-B that is very active against PD along
with levodopa. Tolcapone also reduces the requirement
of levodopa to patients but it can induce severe hepato-
toxicity. There are two types of catechol-O-methyl trans-
ferase (COMT) inhibitors being entacapone and tol-
capone. COMT inhibitors are used to reduce the dose of
levodopa (42). In most patients with PD, motor fluctua-
tions and dyskinesias are relatively mild and can be ade-
quately managed by adjustment of the oral medication.
However, for patients experiencing disabling motor fluc-
tuations and dyskinesias despite optimized medical ther-
apy, device-assisted therapies should be considered (43).
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Table 2.

Parkinson's disease diagnostic criteria of the movement disorder society.

Movement disorder society criteria (53)

Supportive criteria * Clear and dramatic beneficial response to dopaminergic therapy.

* Presence of levodopa-induced dyskinesia

* Rest tremor of a limb, documented on clinical examination (in past, or on current examination)
* The presence of either olfactory loss or cardiac sympathetic denervation on MIBG scintigraphy

Absolute exclusion criteria

* Parkinsonian features restricted to the lower limbs for more than 3y

* Unequivocal cerebellar abnormalities, such as cerebellar gait, limb ataxia, or cerebellar oculomotor abnormalities
* Downward vertical supranuclear gaze palsy, or selective slowing of downward vertical saccades
* Diagnosis of probable behavioral variant frontotemporal dementia or primary progressive aphasia, defined according to consensus criteria within the first 5 y of disease

* Treatment with a dopamine receptor blocker or a dopamine-depleting agent in a dose and time-course consistent with drug-induced parkinsonism

* Absence of observable response to high-dose levodopa despite at least moderate severity of disease

* Unequivocal cortical sensory loss, clear limb ideomotor apraxia, or progressive aphasia

* Normal functional neuroimaging of the presynaptic dopaminergic system

* Documentation of an alternative condition known to produce parkinsonism and plausibly connected to the patient’s symptoms, or, the expert evaluating physician, based on the full
diagnostic assessment feels that an alterative syndrome is more likely than Parkinson's disease

Red flags

* Severe autonomic failure in the first 5 y of disease.
* Recurrent (> 1/y) falls because of impaired balance within 3y of onset

or hallucinations)

* Bilateral symmetric parkinsonism.

* Rapid progression of gait impairment requiring regular use of wheelchair within 5 y of onset

* A complete absence of progression of motor symptoms or signs over 5 or more y unless stability is related to treatment

* Early bulbar dysfunction: severe dysphonia or dysarthria or severe dysphagia (requiring soft food, nasogastric tube, or gastrostomy feeding) within first 5y
* Inspiratory respiratory dysfunction: either diurnal or nocturnal inspiratory stridor or frequent inspiratory sighs

* Disproportionate anterocollis (dystonic) or contractures of hand or feet within the first 10y

* Absence of any of the common non-motor features of disease despite 5 y disease duration. These include sleep dysfunction (sleep-maintenance insomnia, excessive daytime somnolence,
symptoms of REM sleep behavior disorder), autonomic dysfunction (constipation, daytime urinary urgency, symptomatic orthostasis), hyposmia, or psychiatric dysfunction (depression, anxiety,

* Otherwise-unexplained pyramidal tract signs, defined as pyramidal weakness or clear pathologic hyperreflexia (excluding mild reflex asymmetry and isolated extensor plantar response)

Many experimental studies are going to test the applica-
tions of antibodies to target and degrade extracellular a-
synuclein molecules. Passive and active immunization
techniques against a-synuclein have been shown to con-
vey neuroprotective effects in animal models (44).

URroLoGIC ouTCOMES oF PD

Prevalence of urologic symptoms among

the PD population

Seventy-four percent of patients with early-to-moderate
disease report more than one bladder disturbance symp-
tom. Severe bladder symptoms are reported in 27-39% of
PD patients. Both storage and voiding symptoms are high-
ly prevalent in patients with PD. More than 50% of patients
have OAB symptoms (45). The severity of the neurological
disease is correlated with the occurrence of voiding dys-
function, these findings corroborate the results of other
studies which showed that lower urinary tract symptoms
(LUTS) increase accordingly with PD progression (46).

Urologic clinical symptoms

The pattern and mechanism of storage symptoms have
been partly clarified as the hypothesis most widely pro-
posed is that the basal ganglia output has an overall
inhibitory effect on the micturition reflex in healthy indi-
viduals, and with cell loss in the substantia nigra, detru-
sor overactivity develops through an inability to activate
the dopamine D1 receptor-mediated tonic inhibition.
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A parallel mechanism may be that in PD, the inhibitory
dopaminergic neurons originating in the substantia nigra
may be more damaged than the stimulatory dopaminer-
gic neurons originating in the ventral tegmental area,
thereby inducing urgency and frequency. Impaired sen-
sory information from periaqueductal gray could also
contribute to storage symptoms (47). However, those of
voiding disorders have yet to be elucidated, and there
have been only a few reports that dopa-responsive detru-
sor under-activity or impaired urethral relaxations exist,
and post-void residual urine (PVR) does not occur fre-
quently. These findings suggest that early and untreated
PD patients also have not only storage disorders but also
mainly subclinical voiding disorders (48).

Detrusor underactivity or bladder outlet obstruction
(BOO) underlie the mechanism of voiding symptoms in
patients with PD. PD patients mostly maintain an accept-
able voiding efficiency and low PVR volume. In the mean-
time, PD mostly affects the elderly, overlapping the age
group with high morbidity of benign prostatic hyperplasia
(BPH). Neurogenic BOO in PD patients still draws less
attention (49). Detrusor sphincter dyssynergia (DSD) is a
rare cause of voiding dysfunction in PD. DSD was
observed on voiding at a rate of 0-3% (50). Underactive
bladder in up to 50 % of patients with PD.

The mechanism of detrusor weakness in PD remains
unclear and warrants further exploration (51). A study
suggested that a weak detrusor in PD might have a cen-
tral origin. It is necessary to follow PVR carefully in PD
patients with advanced gait disorder because PVR might
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Figure 1.

Suggested mechanisms responsible for urinary symptoms in patients with PD.

Factors that contribute to
urinary symptoms in PD
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PD = Parkinson’s disease; SN = Substantia nigra; VTA = Ventral tegmental area; PAG = Periaqueductal gray.

increase in such patients (52). Obstructive symptoms
might possibly result from treatment with particular
antiparkinsonian drugs. Also, it should be noted that
Lewy bodies can be seen in several types of neurons,
including central and peripheral components of the auto-
nomic nervous system, in advanced PD. Thus, obstruc-
tive symptoms in patients with PD might result from mic-
turition hyporeflexia due to impairment in the autonom-
ic nervous system (53). The mechanisms responsible for
urinary symptoms in PD patients are summarized in
Figure 1.

Neurogenic lower urinary dysfunction (NLUD) can induce
anxiety and depression in patients. A study was imple-
mented by Benli et al. to investigate whether NLUD,
which is frequently seen in PD, has an effect on the devel-
opment of anxiety and depression in these patients. The
study included 32 males (66.6%) and 16 females
(33.3%); in total 48 subjects were registered. It was con-
cluded that the incidence of NLUD, anxiety and, depres-
sion was increased in PD. In addition, NLUD was found
to be a risk factor for the development of anxiety and
depression (54).

Clinical scales

The scale for outcomes in PD for autonomic symptoms
(SCOPA-AUT) is a specific scale to assess autonomic dys-
function in PD patients. It includes six urinary items that
assess both storage and voiding phases. SCOPA-AUT is an
acceptable, consistent, reliable, and valid scale (55). The
International Prostate Symptom Score (IPSS) has been used
both in men and women for patients with neurological
diseases; several teams used it in PD patients, including in
advanced stage, and after DBS. Overactive Bladder Symptom
Score (OABSS) has been used to evaluate urinary symp-
toms in PD patients but it needs further validation (56).

Findings on urodynamic studies

The urodynamic examination is recommended for male
PD patients with voiding dysfunction. It can show detru-
sor hyperreflexia associated with BOO or detrusor dys-
function with BOO (57).

Urodynamic findings could differentiate patients with
MSA from those with PD. Patients with MSA showed
lower maximal flow rate, larger PVR with decreased com-
pliance, and impaired contractility, whereas patients with
PD had a higher incidence of detrusor overactivity and
associated leakage (58).

A study conducted by Vurture et al. strongly suggests that
a vast majority of OAB symptoms in patients with PD can
be attributed to DO on urodynamics (97.1%).

However, the high rates of other abnormalities such as
BOO (36.8%), detrusor underactivity (47%), and
increased PVR (16.7%) suggest that neurogenic DO is
not the only contributor of OAB symptoms in patients
with PD (59).

Special focus on nocturia in PD

Nocturia is a common non-motor symptom in PD but has
been poorly studied. Nocturia may manifest as a result of
reduced functional bladder capacity or nocturnal polyuria;
however, most often the cause is multifactorial. Disorders
of circadian rhythm regulation are known to occur with
sleep disturbances in PD that may also contribute to noc-
turia (60).

The bladder diary provides a prospective real-time assess-
ment of bladder symptoms, which is cost-effective and
relatively straightforward for patients to complete. It pro-
vides a more accurate assessment of night-time frequency
and voided nocturnal urine volumes. A bladder diary is
an essential tool in the assessment of nocturia in patients
with PD (61).
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Figure 2.

Algorithm for the management of storage symptoms in PD patients.

Storage symptoms: Urgency, frequency and
nocturia,

with or without UUI
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PD = Parkinson’s disease; DO = Detrusor overactivity; DU = Detrusor underactivity; BOO = Bladder outlet obstruction;
UUI = Urge urinary incontinence; SIC = Self-intermittent catheterization; PVR = Post void residual volume;
BTX-A = Botulinum toxin A; TURP = Transurethral resection of the prostate; DBS = Deep brain stimulation.

UroLoGcic MANAGEMENT oF PD

Management of the storage symptoms (OAB symptoms)
in PD patients

A detailed algorithm for the management of the storage
symptoms in PD patients is summarized in Figure 2.

General measures and physical treatment

Behavioral therapy included pelvic floor muscle exercises,
bladder training, fluid and constipation management.
Providers should consider behavioral therapy as an initial
treatment for urinary symptoms in PD. It was demon-
strated in a small study conducted by Vaughan et al. (62).
A study was implemented by McDonald et al. to assess the
feasibility and efficacy of bladder training (BT) for trouble-
some LUTS in PD. Thirty-eight participants were ran-
domized (18 to conservative advice (CA), 20 to BT
groups). Both CA and BT were associated with significant
improvements in volume voided, number of micturitions,
symptom severity scores, and measures of quality of life
(all p < 0.05). At 12 weeks, compared to CA, BT was asso-
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ciated with significant superiority on patient perception
of improvement (p = 0.001). At 20 weeks, BT remained
associated with greater improvement in interference in
daily life (63).

Dopaminergic therapy

It is uncertain whether L-dopa medication can improve
micturition disorders. Some have reported that L-dopa
improves micturition symptoms, but others have reported
conflicting results. In addition, the effects of L-dopa on
bladder function are unknown (64). The acute mixed stim-
ulation of D1 and D2 receptors by apomorphine has been
reported to reduce bladder outflow resistance. In contrast,
acute dopaminergic stimulation by L-dopa challenge has
been reported to worsen detrusor overactivity and to
reduce bladder capacity in patients with PD. However, the
worsening effect of acute L-dopa administration conflicts
with the clinical experience of bladder function improve-
ment reported by PD during L-dopa therapy (65). These
findings suggest that the effects of dopaminergic treatment
on bladder control are very different, according to their
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receptorial activity, producing a cumulative effect of a mul-
tidrug daily treatment difficult to predict. Combined, bal-
anced activation of D1/D2 receptors could be beneficial for
treating urinary symptoms caused by detrusor hyperreflex-
ia in PD as demonstrated Brusa et al. They conducted an
open-label study where extended-release levodopa at bed-
time showed significant improvement of OAB symptoms,
specifically nocturia (66). Winge et al. concluded in their
trial that dopaminergic therapy relieves cognitive executive
dysfunction, as it seems to improve functional bladder con-
trol in those of their patients, who benefit from medication
during their storage phase (67).

Antimuscarinic drugs

Antimuscarinic agents are the first-line treatment for OAB
symptoms. These include oxybutynin, tolterodine, solife-
nacin, darifenacin, fesoterodine, and trospium chloride.
Only Solifenacin had a class of evidence (level 1a) for uri-
nary dysfunction in PD (16). The central effects of these
medications may result in alterations in cognition and
consciousness in susceptible individuals. caution needs to
be used in elderly patients with preexisting dementia (68).
A randomized-controlled trial (RCT) that assesses the use
of solifenacin succinate for OAB in PD was done by
Zesiewicz et al. Patients were randomized to receive solife-
nacin succinate 5-10 mg daily or placebo for 12 weeks
followed by an 8-week open-label extension. Twenty-
three patients were randomized in the study. There was
no significant improvement in the primary outcome
measure in the double-blind phase, but there was an
improvement in the number of micturitions per 24 h
period in the solifenacin succinate group compared to
placebo at a mean dose of 6 mg/day (p = 0.01). In the
open-label phase, the mean number of urinary inconti-
nence episodes per 24 h period decreased (p = 0.03), as
did the number of nocturia episodes per 24 h period (p =
0.01) (69). Yonguc et al. conducted an RCT to test the use
of fesoterodine fumarate for OAB in PD. From May 2016
to May 2018, 63 patients were randomized to receive fes-
oterodine 4 mg or placebo for 4 weeks. At the end of 4
weeks of the randomization phase, patients have received
fesoterodine fumarate 4 mg daily for another 4 weeks at
the open-label extension phase. OAB symptoms were sig-
nificantly improved in older adults with PD under fes-
oterodine fumarate treatment, and this advantage contin-
ued in the open-label portion in the short term (70).

Mirabegron

Mirabegron is an orally active, f3-adrenoceptor agonist
approved for the treatment of OAB. The main theoretical
advantage of B3-adrenoceptor agonists for the treatment of
OAB is that they lack the typical side effects of antimus-
carinics. There are only a few trials that test the efficacy of
mirabegron in PD patients. Peyronnet et al. conducted a
study that aimed to assess the outcomes of mirabegron for
the treatment of OAB symptoms in patients with PD. Fifty
patients (mean 74 years old) were included. Before being
treated with mirabegron, 56% had failed prior anticholin-
ergic therapy. After 6 weeks of mirabegron 50 mg, five
patients (11.4%) had a complete resolution of their OAB
symptoms; 25 patients (50%) reported improvement, 23
(46%) reported no change, and 2 (4%) reported worsening

of their OAB symptoms. The number of pads per day
decreased from 1.5 t0 0.9 (p = 0.01) and so did the num-
ber of nocturia episodes (from 3 to 2.6/night; p = 0.02).
Mirabegron has an excellent safety profile in their trial (71).
Gubbiotti et al. concluded in their pilot study that
mirabegron is a safe and effective treatment in patients with
PD and OAB refractory to anticholinergics in the short-
term follow-up (72). In another RCT conducted by Cho et
al., it was concluded that mirabegron was effective in treat-
ing OAB symptoms in patients with parkinsonism with
acceptable adverse events (73).

Botulinum toxin therapy

There are limited data on the efficacy of intravesical botu-
linum toxin (BT) injection in PD patients. Kulaksizoglu et al.
implemented a trial to evaluate the efficacy of intravesical
BT injection for OAB symptoms in patients with PD.
Sixteen patients were followed for 12 months.
Intradetrusor injection technique with 30-point template
was employed. All patients received 500 international
units of botulinum toxin-A. The follow-up was at week
one and every 12 weeks thereafter for 12 months. The ini-
tial mean functional bladder capacity was 198.6 +/- 33.7
mL. At 3-month follow-up the mean bladder capacity
increased to 319 +/- 41.1 mL. The quality of life assess-
ment of the primary caregiver as well as the patients also
statistically improved after the injections. No central nerv-
ous system side effects were noted (74). Vurture et al. con-
ducted a study to test the outcomes of intradetrusor
onabotulinum toxin A (BoNT-A) injection in patients with
PD. All PD patients who underwent intradetrusor injec-
tions of BONT-A for storage symptoms between 2010 and
2017 were included in their retrospective study. A 100 U
dose of BoNT-A was used for the first injection in all
patients. Out of 24 patients analyzed, 19 reported
improvements of their OAB symptoms 4 weeks after the
first injection (79.2%) with complete resolution of
urgency urinary incontinence in seven patients (29.1%; p
< 0.001). Three of the patients had to start clean intermit-
tent catheterization (CIC) after the first injection (12.5%)
(75). Some authors hypothesize that BONTA might be bet-
ter tailored to “OAB wet”/motor urgency (59). Intravesical
BoNT-A might not be a good indication in patients with
detrusor hyperactivity and impaired contractility (DHIC) and
high PVR (76). It was mentioned in the International
Continence Society (ICS) guidelines that intravesical BT
injection is a promising method to treat intractable detru-
sor overactivity in PD. Also, guidelines state that it is
important to differentiate MSA from PD before completing
botulinum injections. But there was no recommendation
for dosages, risk factors for retention or difficulty voiding
or long-term effectiveness are available (77).

Sacral neuromodulation

Sacral neuromodulation (SNM) is an effective therapy that
should be considered among the treatment options for PD
patients with OAB symptoms. Urodynamic parameters
associated with obstruction may be predictive of SNM fail-
ure in PD patients and may help guide patient selection
(78). Few studies have been performed to determine the
effects of percutaneous posterior tibial nerve stimulation
(PTNS) on neurogenic DO in patients, especially, with PD.
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Kabay et al. conducted a trial to investigate the effect of
PTNS treatment after 12 weeks on urodynamic and clinical
findings in patients with PD with neurogenic DO. A total
of 47 patients with PD with neurogenic DO were enrolled
in the study. Their results have demonstrated that PTNS
improves the lower urinary tract symptoms and urody-
namic parameters in patients with PD (79).
Transcutaneous tibial nerve home stimulation can be used
in clinical practice as an effective nonpharmacological
resource for the reduction of OAB symptoms in women
with PD (80).

Deep brain stimulation

Deep brain stimulation (DBS) has been used as a surgical
treatment for motor symptoms in advanced PD. An
exploratory post hoc analysis was performed of specific
LUTS items of questionnaires used in an RCT with 128
patients (NSTAPS study). Urinary incontinence and fre-
quency improved after both globus pallidus pars interna
(GPi) DBS and the subthalamic nucleus (STN) DBS at 12
months postoperatively, but this was only statistically sig-
nificant for the STN DBS group (P = 0.004). The
improvements after DBS were present in both men (p =
0.01) and women (p = 0.05). Nocturia and urinary incon-
tinence did not improve significantly after any type of
DBS, irrespective of sex (81). DBS is associated with
increased bladder capacity and volume triggering bladder
contraction, increased time to first desire to void. While
DBS appears to be a promising therapy for modulating
LUTS in PD patients, the current research is mostly lim-
ited to small cohorts. Larger clinical trials are needed to
truly delineate how DBS affects urinary disturbances (82).

Management of the voiding symptoms in PD patients
Concern has existed about the risks of incontinence with
transurethral resection of the prostate (TURP) in PD patients
with BOO. Roth et al. investigated the outcome of TURP
in patients with a secure neurological diagnosis of PD.

A total of 23 patients with PD who underwent TURP for
benign prostatic obstruction were evaluated retrospec-
tively. It was concluded that TURP for benign prostatic
obstruction in patients with PD may be successful in up
to 70% and the risk of de novo urinary incontinence
seems minimal (83). One of the greatest areas of concern
for many patients considering TURP is the possibility of
incontinence or inability to void despite surgical inter-
vention. Tyson et al. demonstrated in their study that the
use of the temporary prostatic urethral stent provided a
good provocative test that enabled patients to experience
what their voiding status would be if they were to under-
go definitive surgical management (84).

Doxazosin resulted in the improvement of LUTS and the
maximum flow rate and was well tolerated in men with
PD. The response to treatment is dependent on the sever-
ity of neurological disability (85). Recently the al adren-
ergic receptor antagonist terazosin was shown to activate
PGK1, a possible target for the mitochondrial deficits in
PD related to its function as the initial enzyme in ATP
synthesis during glycolysis. It has been shown that tera-
zosin had neuroprotective effects in neurotoxin models of
nigrostriatal degeneration in invertebrates and rodents,
including after delayed administration. Additionally, tera-
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zosin reduced a-synuclein levels in transgenic mice and
neurons derived from patients with LRRK2 mutation-
associated (44). An epidemiologic study was performed
by Sasane et al. to test the PD occurrence rate in 113,450
individuals from the United States with 5 or more years
of follow-up. Patients were classified as tamsulosin users
(n = 45,380), terazosin/alfuzosin/doxazosin users (n =
22,690), or controls matched for age, sex, and Charlson
comorbidity index score (n = 45,380). Terazosin/alfu-
zosin/doxazosin users did not differ in PD risk from
matched controls (P = 0.29) but rather that tamsulosin
may in some way potentiate PD progression (86). In case
of significant and symptomatic PVR, a specific treatment
is necessary in order to empty the bladder. The gold stan-
dard therapy in PD patients with neurogenic bladder still
the self-intermittent-catheterizations (87).

Managing Nocturia in PD

Managing nocturia in PD patients necessitates managing
reduced functional bladder capacity and nocturnal
polyuria. The use of antimuscarinics, detrusor injection
of BT, neuromodulation, and CIC could be useful to
manage reduced bladder capacity. Desmopressin and
late-afternoon diuretic could help in the management of
nocturnal polyuria (60).

Managing incontinence in PD

In a systemic review of 3 studies with a total sample size
of n = 1077, 25 percent of the women with PD suffer
from urgency incontinence compared to seven percent of
the women without Parkinson's disease (p < 0.01). Men
with PD were affected with a 28% rate in comparison of
6% of men without Parkinson's disease (p < 0.01). With
pelvic floor muscle exercises and accompanying measures
as well as with injections of botulinum toxin A a reduc-
tion of urinary incontinence seems to be possible (88).
Artificial urinary sphincter implantation shows signifi-
cantly worse continence rates for patients with PD, even
though it is considered as a safe procedure (89).

Management of the sexual dysfunction in PD patients
Impulse control disorders (ICDs) affect up to 40% of
patients with PD using dopamine agonists and about 15%
of patients with PD overall. The mainstay of medical man-
agement for ICD is reducing or discontinuing dopamine
agonists. Cognitive-behavioral therapy was found to be
useful for the treatment of ICD in patients with PD (90).
Sildenatfil citrate may be considered to treat ED in patients
with PD as concluded in multiple studies. The benefit of
apomorphine on sexual function in some patients sug-
gests a possible role in the treatment of impotence in PD
but its role is not validated. A daily dose of transdermal
testosterone gel improved testosterone deficiency symp-
toms in men with PD (91). Pergolide substantially
improved sexual function in the younger male patients
who were still interested in sexual activities (92).

CONCLUSIONS

Urinary symptoms and sexual dysfunctions are common
in PD patients, occurring in any stage of the disease. PD
patients experience both storage and voiding difficulties.
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Storage symptoms, specifically OAB are markedly com-
mon in those patients. Anticholinergics and mirabegron
remain potential treatment options. DBS, intradetrusor
botulinum toxin injections can be used to treat
intractable OAB symptoms in PD. TURP could be per-
formed safely in PD patients with BPH if MSA is exclud-
ed. Other supportive non-pharmacological therapies such
as behavioral therapy are used in early and advanced PD
patients. Phosphodiesterase-5 inhibitors are essential to
treat sexual dysfunction. Treatment of all urologic dys-
function in PD is optimal with a multidisciplinary
approach to improve the quality of life of these patients.
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