Review Article

Medical management of neurogenic bladder with oral therapy

Anne P. Cameron

Department of Urology, University of Michigan, Ann Arbor, Michigan, USA

Correspondence to: Anne P. Cameron, MD, FRCSC. Department of Urology, University of Michigan, Ann Arbor, Michigan, USA.

Email: annepell@med.umich.edu.
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bladder (NGB) to treat detrusor overactivity (DO), improve bladder compliance and treat urinary

incontinence. The use of antimuscarinics, alpha blockers, tricyclic antidepressants, desmopressin and

mirabegron will be discussed along with combination therapy to improve efficacy. These medical therapies

will be the focus of this review with surgical therapy and botulinum toxin injections being the subject of

other articles in this series.

Keywords: Neurogenic bladder (NGB); antimuscarinics; adrenergic alpha blockers; imipramine; desmopressin;

mirabegron

Submitted Nov 02, 2015. Accepted for publication Dec 05, 2015.

doi: 10.3978/j.issn.2223-4683.2015.12.07

View this article at: http://dx.doi.org/10.3978/j.issn.2223-4683.2015.12.07

Introduction

Neurogenic bladder (NGB) affects over 90% of patients
with spinal cord injury (SCI) (1), 50-80% of patients with
multiple sclerosis (MS) (2,3) and over 95% of patients with
spina bifida (4). It also occurs frequently with many other
neurological conditions such as after stroke, Parkinson’s
disease and transverse myelitis. NGB has many clinical
presentations with the most severely affected patients
having urinary retention requiring catheterization for
bladder emptying. Patients can also have high bladder
pressures from detrusor overactivity (DO) or low bladder
compliance. These high bladder pressures especially when
combined with detrusor sphincter dyssynergia (DSD)
can lead to upper tract deterioration (5,6). From a patient
perspective urinary incontinence is a very troubling
symptom and is typically a consequence of uncontrolled
DO or poor bladder compliance. The incontinence is often
the most bothersome effect of NGB since it leads to more
immediately recognizable effects such as poor hygiene, skin
breakdown, and social isolation.

The goals of treatment of NGB are first and foremost to
protect the upper tract from damage. The second treatment
goal is to maintain urinary continence, but all the while
maintaining the patient’s quality of life (7).
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These goals are achieved by treating most individuals
in a targeted fashion based on urodynamic findings. The
exception to this is MS, where it is rare to have elevated
bladder pressures or upper tract damage (8) therefore
symptoms and post void residuals (PVR) are often sufficient
to guide management (9) and if the PVR is abnormal
urodynamics warranted. NGB for other etiologies such
as diabetes, Parkinson’s disease and other neurological
disorders have been less well studied; however the general
principles of bladder management in NGB would apply to
these individuals.

Bladder storage pressures ideally must be kept below
40 cmH,O0, since higher pressures carry a high risk of renal
dysfunction and vesicoureteric reflux (VUR) (10). Bladder
compliance must also be maximized since it is known
that compliance less than or equal to 12.5 ecmH,O/mL
often result in upper tract deterioration on radiological
examination, VUR, and pyelonephritis (10). DO must also
be treated since it either results in incontinence or increased
pressure on the upper tract if there is concomitant DSD.

There are several oral and intravesical pharmacotherapeutic
agents that have been evaluated to treat DO and diminished
bladder compliance in the NGB.

Not all patients with NGB, however, are in retention.
These less severe forms of NGB are more commonly
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seen in patients with Parkinson’s disease, stroke and
MS. These patients maintain neurological connectivity
between the bladder and pontine micturition center and
can void volitionally, but may still have urgency, frequency,
urgency incontinence, and DO. These patients are often
at particularly high risk of urinary retention since they
may at baseline have elevated PVR due to poor bladder
contractility, functional outlet obstruction or benign
prostatic hyperplasia. This is a particularly important
consideration with any treatment of their DO. These
treatments may exacerbate poor emptying and in these
patients we need to preserve their ability to void if possible.

Surprisingly, none of the oral medications discussed in
this review are currently FDA approved for the treatment
of NGB. All of medications discussed in this review are
currently being employed off-label since manufacturers of
these drugs have sought approval only for the treatments of
non-neurogenic overactive bladder (OAB) or other lower
urinary tract symptoms.

Antimuscarinics

Oral antimuscarinic (anticholinergic) medications for
NGB have been a mainstay of medical therapy for decades
in both adult and pediatric patients with SCI (11), MS
(3,12) or spina bifida (13). They are the most widely
cited treatment for NGB among international guidelines.
Antimuscarinic use is recommended for NGB by the
European Association of Urology (7), for suprasacral SCI
by the Paralyzed Veterans of America Clinical Practice
Guideline (14) and for the treatment of MS patients by
a UK consensus group (9). However, a Cochrane review
on anticholinergics for urinary symptoms in MS could
not find sufficient evidence to support their use (3) given
the lack of randomized controlled trials (RCTs), but there
exists level 1b evidence (12) of their effectiveness in MS and
they are widely used (3,9). In a survey of the membership
of the Society of Urodynamics, Female Pelvic Medicine
and Urogenital Reconstruction (SUFU), 84% felt that
antimuscarinics and clean intermittent catheterization (CIC)
were the best option for bladder management in SCI with
DO (15).

Muscarinic receptor antagonists have traditionally been
viewed to act by binding to receptors on the detrusor muscle
preventing acetylcholine release from parasympathetic
nerves. These receptors are now known to be located
both on the detrusor and the mucosa (16) and the newer
pharmacotherapeutic agents have been shown to bind to
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both of these receptor sites (17).

There is ample basic science evidence to support
antimuscarinic therapy in NGB. In the human there exist
five muscarinic receptor subtypes M1-5, however only M2
and M3 subtypes exist in the bladder (18). The density
of muscarinic receptors and the bladder’s sensitivity to
muscarinic agents is greatest in the dome and decreases
towards the base of the bladder which allows for efficient
emptying of the bladder (19).

After denervation of the bladder, such as with SCI,
muscarinic receptor density is increased along with an
increase in the sensitivity to muscarinic agonists (20,21). In
the normal bladder M2 receptors outnumber M3 receptors
3:1 (18), but it is the M3 receptors that mediate bladder
contractions (22). The contribution of the M2 receptors
is controversial. In the NGB there is significant bladder
remodeling with new expression of many proteins (23)
raising the possibility that the M2 receptors change in
their density, increase in responsiveness or both. In the
denervated rat bladder there is a 60% increase in M2
receptor density and these M2 receptors provide some
contractile function (21). In the human bladder with NGB
M2 receptors were found to mediate contractions in one
study (24), but were found to play no part in bladder
contractions in another (20).

Antimuscarinic agents for the bladder include oxybutynin
(IR, ER, patch, topical gel), tolterodine (IR, ER),
trospium chloride (IR, ER), solifenacin (25), darifenacin,
and fesoteridine (7Tuble 1). All target the M3 muscarinic
receptors in the bladder muscularis and block acetylcholine
from binding the muscarinic receptor effectively inhibiting
involuntary bladder contractions. This is however a
simplistic view of their function with increasing evidence
that the bladder epithelium responsible for sensory function
also express muscarinic receptors which are affected (16)
(Table 1).

Several antimuscarinic agents have been studied in the
NGB population with universally positive results in terms
of improving patient bladder capacity and compliance,
reducing DO and improving urinary incontinence.

Oxybutynin has long been utilized in the treatment of
NGB. It is a commonly utilized drug in children with NGB
and has been shown to be safe and effective regardless of
the preparation (syrup, tablet, extended release tablets,
transdermal) in this population (25). Oxybutynin is a tertiary
amine metabolized by the liver that has antimuscarinic,
spasmolytic and very weak local anesthetic properties (26).

Oxybutynin can be administered intravesically where the
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Medication Dose range

Side effects

Antimuscarinic -

Oxybutynin IR 5-30 mg divided TID
(up to 45 mg daily tolerated)
Oxybutynin ER 10-30 mg daily
Patch (Oxytrol) 3.7 mg Q3 days
Gel (Gelnique)
Tolterodine IR 2-8 mg divided BID
ER 2-8 mg daily
Solifenacin 5-10 mg daily
Darifenacin 7.5-15 mg daily
Fesoteridine 4-8 mg daily

Trospium IR 20-60 mg BID divided

All have dry mouth, constipation, dry eyes, blurry
vision, urinary retention, confusion, dyspepsia

The most side effects of any of the class and worst
cognitive side effects

ER less side effects than IR; skin irritation with patch

IR side effects > ER

Most constipation of any in class

IR side effects > ER

ER 20-60 mg daily (up to 120 mg tolerated)

3 selective receptor agonist
Mirabegron 25-50 mg daily
Tricyclic antidepressants

Imipramine 10-45 mg divided BID or TID

HR rise 1-2 beat sper minute, BP rise 1-2 mmHg,
dyspepsia

Dizziness, drowsiness, dry mouth, constipation,
blurred vision, nightmares, dyspepsia, breast swelling,
lethal cardiac arrhythmia at high doses (overdose)

BID, twice daily; TID, three times a day.

crushed pills are diluted in water or saline and instilled in the
bladder after catheterization and allowed to dwell (27). This
technique is more complicated than oral administration,
but has been shown to be safe and have a lower side effect
profile compared to oral immediate release preparations
due to the avoidance of the first pass metabolism in the
liver (27). Guerra et al. (28) performed a systematic review
of efficacy of intravesical oxybutynin in children with poorly
compliant NGB who were refractory to or intolerant of
oral oxybutynin. Among the eight studies (two prospective,
six retrospective) there were a total of 297 children who
almost all had myelomeningocele as the cause for NGB
and the typical dose was 10 mg/day. Mean compliance
change was +7.5 mL/cmH,0O, bladder pressure at terminal
capacity was decreased 16.4 cmH,O and incontinence
improved in most studies with dry/improved rates from
61-83% among the studies. Side effects were less severe
compared to oral agents, but were similar to those expected
from oral antimuscarinic agents. Nine percent of patients
discontinued due to side effects and 13% discontinued
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primarily due to the inconvenience of the treatment.
Transdermal oxybutynin is an alternative to oral
preparations and has a lower incidence of side effects than
oral agents since the administration method avoids first
pass liver metabolism into N-desethyloxybutynin, which is
primarily responsible for these side effects. This delivery
system has been shown to be safe in adults with SCI (29)
and in a study comparing transdermal and oral oxybutynin
in children with NGB there were similar improvements in
urodynamic parameters (26). There were several patients
who noted mild or moderate skin reactions to the patch site.
Tolterodine is an antimuscarinic that is equipotent with
oxybutynin in the bladder but has an eightfold lower affinity
for the muscarinic receptors of the salivary glands (30). It
is available in both immediate release and extended release
formats. In clinical trials in individuals with NGB it is as
effective as oxybutynin at improving symptoms, but has less
incidence of dry mouth (31). Tolterodine does reduce the
QT interval on electrocardiogram (32), hence the maximum
daily dose is 8 mg. In randomized double blind placebo
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controlled trials it has been shown to improve urodynamic
variables as well as continence and voided volumes with
increased effectiveness at 4 mg compared to 2 mg in
NGB (32). Increasing the dosage from 4 mg daily to 8 mg
daily if incontinence persists is safe and effective in the
majority of NGB patients (33). Recently tolterodine has
expanded its use to the pediatric NGB population with the
IR, ER and oral solution showing improvements in bladder
symptoms with a good safety profile (34).

Trospium chloride is a quaternary amine with atropine
like effects (35) that has been studies in the NGB population.
Compared to oxybutynin it has an equivalent increase
in maximum cystometric capacity (MCC) and bladder
compliance and decrease in bladder storage pressures, but
with considerably less dry mouth (35). Dose escalation
in those individuals with insufficient clinical response is
warranted with improvements in all parameters with minimal
increase in side effects even at doses up to 135 mg daily (36).

Madhuvrata et al. (37) performed a systematic review and
meta-analysis comparing antimuscarinics for neurogenic
DO in adults that included 960 patients from 16 RCTs.
Overall, patients had an increase in cystometric capacity
(+50 mL), higher volume at first bladder contraction
(+50 mL) and a lower detrusor pressure (-38 cmH,0)
compared to placebo. The one study in this review that
evaluated patient-reported cure/improvement showed
a 63% cure/improved rate compared to 22% in the
placebo group (38). In the studies comparing different
antimuscarinic drugs there was no clearly superior drug, but
in those studies comparing different doses of the same drug
greater efficacy was seen at higher doses, but the typically
seen increase in dry mouth and other adverse events usually
seen in increased dosing studies was not seen in these trials
suggesting that higher doses are better tolerated in this
population (38). In this meta-analysis adverse events were
not compared between immediate release and extended
release preparations.

More recent non-randomized studies have shown
similar positive results with solifenacin (39) and extended
release tolterodine (40). The newer antimuscarinics
darifenacin, and fesoteridine have not been evaluated in
the NGB population, however, given their favorable side
effect profiles and similarity to other antimuscarinics these
are probably effective in NGB, but further data in this
population is needed.

The vast majority of publications on this class of
medication pertained to the idiopathic OAB population (25).
Since the medication’s effects on receptors are the same
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regardless of the disease it is reasonable to use the wealth of
data published in the non-neurogenic population.

In a meta-analysis of antimuscarinic therapy for OAB, the
longer acting formulations were found to be more effective
and to have decreased side effects, but little evidence supports
the use of one long-acting agent over another (25). However,
there appears to be a difference in the cognitive impact these
drugs have, especially on memory (41). The pathophysiology
behind this side effect is believed to be related to the drug
penetrating the blood brain-barrier. In a review of the
current literature, oxybutynin was consistently associated
with cognitive deficits and darifenacin caused no detectable
impairment in cognition. There was insufficient evidence
to make conclusions about the other antimuscarinics. It is
interesting that the drug-related decrease in cognition was
unnoticed by the patients in these studies (41). Most of
the studies were performed on healthy individuals, but it is
important to note that the NGB population may be more
susceptible to the effects of drugs that cross the blood brain
barrier since individuals with MS, and probably stroke and
Parkinson’s diseases have an increase in permeability. There
is also new evidence that higher cumulative antimuscarinic
usage is associated with an increase in the incidence of
dementia and Alzheimer’s (42).

The most common side effects of antimuscarinics include
dry mouth, constipation and dry eyes/blurry vision (25).
Many patients with NGB are already taking multiple
other medications that may cause dry mouth as well.
Also this population is affected by bowel dysfunction and
constipation hence these medications may exacerbate this.

Controlled release (ER) oxybutynin has significantly
fewer side effects that the immediate release and should
be utilized if possible (25). In individuals with NGB when
the dosage of oxybutynin ER is titrated upwards based on
symptoms, side effects and urodynamics, even including
individuals who void spontaneously, the dose most often
chosen is 30 mg daily (43).

Narrow angle glaucoma and severe gastroparesis are
contraindications to the use of antimuscarinics and caution
must be exercised in those patients with myasthenia
gravis who may have disease exacerbation with the use of
antimuscarinics.

One particularly vulnerable population is the NGB
patients who maintain the ability to void such as those with
MS, Parkinson’s, or stroke. These patients are able to void,
but may have elevated residual urine, difficulty initiating
voiding or have detrusor hypocontractility. These patients
can have urgency incontinence that would benefit from
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antimuscarinics, but are at high risk of urinary retention,
which is a known side effect. This is particularly true of
those patients with PVR >200 cc in whom most studies
recommend not utilizing these drugs. In any at risk patient
a detailed description of the symptoms of retention must
be discussed before starting antimuscarinics and it would
be prudent to arrange a return visit within a few weeks
to check residual urine. Also, if an alpha blocker is being
contemplated as combination therapy it is safest to begin
with the alpha blocker to maximize voiding ability before
starting the antimuscarinic.

A common misconception is that individuals with NGB
managed with indwelling catheters do not benefit from
antimuscarinic therapy. In a retrospective review of SCI
individuals with indwelling catheters with or without
oxybutynin for a mean of 11.9 years, bladder compliance
was significantly better in those utilizing oxybutynin (44).
This approach has also been recommended by the
Paralyzed Veterans of America (14). Complications
including hydronephrosis and febrile urinary tract
infections were much less frequent in those taking the
medication as well (44).

Retention is obviously not problematic in those who
CIC and higher doses of medication can be utilized.
Even in studies where the doses of antimuscarinics are
doubled the side effect profile remains quite minimal
with significant increases in effectiveness (43,45). Efficacy
may be further increased with the use of two different
antimuscarinics to take advantage of their slightly different
receptor profiles while keeping side effects low (45). It has
also been observed that in the NGB population higher
doses are required compared to the non-neurogenic
population to be effective (43).

Not all patients however achieve continence or urinary
tract safety with antimuscarinics alone and given the
widespread use of botulinum toxin injections and its proven
clinical efficacy this is often the chosen second line therapy.
Patients, however, may be refractory to botulinum toxin
due to antibodies, have an allergy or other contraindication
to the drug or given its expense may not be able to afford it.

Alpha blockers

Alpha-adrenoreceptor antagonists, or alpha blockers have
long been a mainstay in the treatment of lower urinary
tract symptoms in men with benign prostatic hyperplasia
(BPH) (46). These alpha-1 specific receptor blockers

function by relaxing the smooth muscle component of
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the prostate allowing for better urine flow which relieves
emptying symptoms. However, this mechanism does not
explain why men also can get immediate relief of their lower
urinary tract storage symptoms.

Storage symptoms

Primate studies on animals before and after rhizotomy
(decentralized bladder) have shown that phenoxybenzamine
(an alpha blocker) improved bladder compliance (47)
via their alpha blocking mechanism which was further
improved with the simultaneous administration of the
anticholinergic atropine. This data would suggest that alpha
blockers can both improve storage and emptying symptoms
in patients with NGB.

In a small group of 12 SCI patients with high bladder
storage pressures and poor compliance terazosin 5 mg
daily was administered for 4 weeks. Urodynamic detrusor
pressure at maximum capacity decreased a mean of 36 cmH,O
(P<0.001) for a 73% improvement in compliance compared
to baseline. This effect was reversible with cessation of the
medication (48).

Yasuda et 4/. in a placebo controlled double blind trial
with 136 patients with NGB patients were given placebo,
30 or 60 mg of urapadil (an alpha blocker) for 4 weeks.
The highest dose group showed a statistically significant
decrease in urodynamic DO (49).

The utility of alpha blockers in NGB patient who are in
retention is often overlooked, despite their favorable side
effect profile and are recommended as a possible treatment
for NGB by the Clinical Practice Guidelines for the
Paralyzed Veterans of America (14).

Voiding symptoms

Voiding is not possible in many individuals with NGB, and
treatment with alpha blockers does not appear to change
this (50). However, in individuals with NGB who can
spontaneously void the newer alpha blockers have been shown
to be effective. In a study of 28 patients with DSD, AUA
symptom index, PVR and urodynamic urine flow all improved
with 2 months of treatment with tamsulosin (51). In a study
of 24 patients with NGB examined with urodynamics
before and after 1 month of 0.4 mg tamsulosin there were
no changes in residual volume, but the maximum flow
rate on free uroflow and the maximum detrusor pressure
on urodynamics were improved after treatment (52). Also
in a 4-week RCT of 263 patients with suprasacral SCI
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Medication Dose range Side effects

Alpha blockers - Rhinitis, postural hypotension, dizziness, abnormal ejaculation
Alfuzosin 5-10 mg daily Less ejaculatory problems and less dizziness/postural hypotension
doxazosin 2-8 mg daily Most dizziness and postural hypotension—need dose escalation
Terazosin 2-10 mg daily Most dizziness and postural hypotension—need dose escalation
Tamsulosin 0.4-0.8 mg daily High rate of ejaculatory problems

Silosodin 8 mg daily Lowest rate of ejaculatory and hypotension

followed by a 1-year open label study of placebo compared
to tamsulosin, maximum urethral pressure (MUP), the
primary outcome of the study, was not significantly
different between groups at 4 weeks. However, in the 186
patients who completed the 1 year open label study there
were significant improvements in MUP (-18 cmH,0) as
well as improved maximum cystometric capacity, post void
residual and voiding time (53).

All of these studies were performed in a select population
that maintained the ability to void hence these results are
not generalizable to patients in retention and in clinical
experience this author has never seen a patient in complete
retention due to NGB resume voiding with alpha blocker
therapy alone.

Autonomic dysreflexia

Alpha blocker therapy has also been shown to improve
autonomic dysreflexia symptoms in patients with SCI.
Terazosin, which is well tolerated in the SCI population, in
prospective trials has been shown to reduce the frequency
of autonomic dysreflexia episodes and the severity of the
symptoms (54) with only minor side effects of fatigue
and dizziness and did not cause changes in resting blood
pressure or impact erectile function. In the above-
mentioned RCT of tamsulosin, AD symptoms were
improved in those individuals with injuries above T6 with
44% becoming symptom free (53).

Alpha-1 adrenergic blockers currently utilized include
alfuzosin, terazosin, doxazosin, tamsulosin, and silosidin (46). The
more commonly reported side effects of these medications
are nasal congestion, abnormal ejaculation (especially with
tamsulosin) and dizziness or postural hypotension than are
more common with doxasosin and terazosin which is why
these two drugs require dose escalation (46). Silosidin does
not appear to have any of these cardiovascular side effects
(Table 2).
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Imipramine

Imipramine is a tricyclic antidepressant that is currently
rarely used for the treatment of depression given the
availability of therapy with more favorable side effect
profiles. These medications have, however, been shown to
relax the detrusor muscle by acting as muscarinic receptor
agonist, directly inhibits smooth muscle and also decreases
bladder overactivity by blocking the reuptake of serotonin.
Other pharmacological effects of imipramine include the
peripheral blockade of noradrenaline, stimulating the beta
receptors at dome of the bladder which in turn decreases
bladder contractility (55). Imipramine has been historically
used to treat nocturnal enuresis in children and adults,
but has also been effectively used to treat neurogenic
DO. Cole and Fried studied the use of imipramine in
ten patients with NGB with incontinence secondary
to DO. Six patients noted improvements in their
urinary incontinence (three with complete resolution of
incontinence) and bladder capacity as well as compliance
were improved in responders (56).

In clinical trials imipramine has also been shown to
increase compliance in the pediatric NGB (57,58). To date,
tricyclic antidepressants have no RCT's to support their use
for urologic indications and have been related to cardiac
events so must be used with caution, especially in the elderly
(Table 1).

Combination therapy

There is evidence that alpha blockers act in a synergistic
fashion when given in combination with antimuscarinic
therapy. The rationale for dual therapy is that by blocking
completely different bladder receptors effectiveness is
increased and the side effect profile of two therapies
at physiologic doses is better than simply doubling the
antimuscarinic therapy. This combination has been shown
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to be safe and is routinely employed to treat refractory
storage symptoms in men with BPH who have failed alpha
blocker therapy alone (59).

In a SCI primate model, as expected, intravenous
antimuscarinics improved urodynamic bladder compliance
compared to placebo. However, when an alpha blocker was
added to the antimuscarinic the compliance was further
improved indicating that alpha blockers impact the bladder
independently (47). In a clinical study of 12 individuals
with SCI who had poor bladder compliance despite taking
an antimuscarinic and performing CIC, the addition of
5 mg of terazosin for 1 month significantly improved their
bladder capacity, pressures and compliance. Interestingly,
these urodynamic improvements disappeared after
stopping the alpha blocker indicating the reversibility of
their action (48).

Other combination therapies that have been successful
and safely utilized include tricyclic antidepressants in
combination with anticholinergics in children with
nocturnal enuresis which was resistant to tricyclic
antidepressants (T'CAs) alone (60).

T'wo independent studies have reported their results in
treating individuals with refractory incontinence or poor
compliance due to NGB with triple drug therapy consisting
of an antimuscarinic combined with an alpha blocker and
imipramine (61,62). In this group of individuals who were
refractory to antimuscarinics alone, maximum detrusor
pressure, capacity and bladder compliance were all improved
as well as the resolution of subjective patient incontinence.
Side effects were tolerable and the most common were dry
mouth and constipation.

Myrbetriq (mirabegron)

The human bladder contains three beta adrenergic receptors
(B1, B2 and B3) with 97% of the beta receptors being B3 (63).
B3 selective receptor agonists relax detrusor muscle and B3
adrenoreceptor activation is the main method of bladder
relaxation in humans (64). Therefore, these are an ideal
target for the treatment of DO (63). Unfortunately, many
early therapies targeting these receptors had significant
cardiac side effects, but currently a selective beta-3 agonist
has been FDA approved to treat OAB symptoms. Myrbetriq
(Mirabegron) is currently the only beta-3 agonist in clinical
use and its receptor specificity had led to a very low side
effect profile.

Since B3 receptors only play a role in relaxation of
smooth muscle and do not have any function in the voiding
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phase they should not inhibit volitional bladder contraction.
This has not been evaluated in the neurogenic population,
but in a population of men with lower urinary tract
symptoms and urodynamically proven bladder obstruction
mirabegron at 50 or 100 mg was no different than placebo
in terms of urine flow or detrusor pressure at maximum
flow. There was a mere increase of 30 mL in the post void
residual in the 100 mg group only (P=0.046). There were
no episodes of retention requiring catheterization and no
adverse cardiac events. There were, however, significant
improvements in voiding frequency, and urgency (65).

Very little data has been published in the use of B3
agonists in NGB, but many OAB therapies have been simply
adopted by those who treat NGB and this medication is no
exception. A small study of seven patients with NGB who
had failed anticholinergics was studied after the addition of
mirabegron to their regiment with resolution of VUR, DO
and improved compliance on urodynamics. This medical
therapy deserves more in depth study in this population
who stand to benefit greatly from it. This author does
routinely utilize mirabegron in neurogenic patients who
void who are at risk for urinary retention or have developed
this complication from antimuscarinics.

Side effects of mirabegron are relatively mild compared
to the antimuscarinics. This medication does not cause
constipation, dry mouth or confusion and does not impair
the ability to void, which is particularly helpful in the
voiding neurogenic population. Its major side effects are
cardiovascular with a mean rise in blood pressure of 1.2
2.4 mmHg and small increases in heart rate (65). Caution
must be used in patients with uncontrolled hypertension
who should not be prescribed this medication (Tuble I).

Desmopressin

Desmopressin has been recently approved for use in
adults with nocturnal polyuria and has long been used to
treat bedwetting in children. Spinal cord injured patients
often have high urine output at night, particularly those
with higher level lesions (66). This nocturia is particularly
bothersome to this population since it interrupts their
sleep and if they need assistance to perform their bladder
catheterization another person has their sleep disturbed
as well. The nocturnal polyuria is multifactorial with fluid
retention during the day secondary to their autonomic
dysfunction, lack of ambulation and arginine vasopressin
production disorders (67). Hence, treating refractory
nocturnal polyuria in patients with NGB with desmopressin
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is intuitive.

Initial management of bedwetting or nocturia in the
NGB patient should always be approached conservatively.
UTT and glucosuria from diabetes need to be ruled out.
Other causes of nocturnal polyuria such as congestive heart
failure, improper timing of diuretic administration, sleep
apnea and renal failure need to be considered. Following
this one should optimize bladder management with
antimuscarinic medication, ensure catheterization frequency
is adequate and restrict fluids before bed. Graduated
compression stockings are also useful in the case of pedal
edema. Particularly in the case of a patient who is dry
during the day but wet at night one has to suspect polyuria
as the cause which can be confirmed with a fluid intake and
voiding diary.

Several small studies have addressed this problem in the
SCI and spina bifida population. Desmopressin was used to
treat patients with pediatric neural tube closure defect with
daytime continence but persistent bedwetting in two studies
(68,69). Combining their results 81.4% (35/43) of patients
became totally dry and 88.4% (38/43) were significantly
improved. The majority of “failures” in these studies were
patients who discontinued treatment. There were no
adverse events noted in either study.

Two small studies have assessed desmopressin in patients
with SCI and nocturnal polyuria (67,70). Combining their
results 11/15 patients eliminated the need for CIC at night
with the use of desmopressin before bed and the remaining
four patients were reduced to only one catheterization
during the night. Again, no patients suffered significant side
effects such as hyponatremia or fluid overload and only two
patients had transient headaches.

The use of desmopressin to treat nocturia in MS has
been better studied. A meta-analysis combining results from
five randomized double blind placebo controlled crossover
studies had 98 patients available for analysis (71). All studies
showed a statistical reduction in voided volume for 6-hour
following administration of desmopressin. None of the
studies reported a significant reduction in serum sodium,
0-8% of patients reported symptoms of fluid retention
and 3-4% of patients reported transient headache. In one
study (72) 82% of patients requested continuation of the
dug after the trial and patients reported that the medication
improved their sleep which in turn improved their quality of
life. The original intranasal spray that was studied in most
of these trials is no longer available, but has been replaced
with tablet forms.

All patients need a baseline serum creatinine to ensure
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good renal function and a baseline sodium level before
starting therapy. Patients can be started at 0.1 mg every
night at bedtime (QHS) or 0.2 mg QHS with lower doses
use in the elderly and female patients. Serum sodium should
be repeated within a week and the dose can be escalated
provided there is no hyponatremia or adverse events. Blood
work needs to be repeated with every dose escalation and
yearly thereafter. Hyponatremia is the most feared side
effect of this class of medications that can present with
confusion, hallucinations or in severe cases seizure.

Recommendations

A treatment algorithm is outlined in Figure 1. All patients
with NGB who are in retention, other than those with
atonic bladder, should be maintained on antimuscarinic
therapy. This also includes patients with indwelling
catheters since they benefit as well. Antimuscarinics
improves bladder compliance, continence and DO and
should be titrated up to achieve clinical efficacy. The first
step in the treatment of antimuscarinic medication failure
would be to ensure that the dose is optimized at the highest
tolerable range. As a second step switching antimuscarinics
is advocated since in OAB patients this is often efficacious.
If the patient is still not achieving treatment success
botulinum toxin injections or combination drug therapy
with alpha blockers and antimuscarinics are the next step
and one can add tricyclic antimuscarinics to augment the
effectiveness if the patient is young. In patients who have
autonomic dysreflexia alpha blockers are added earlier in
therapy.

For patients who are able to void volitionally if they
have no obstructive symptoms they can be started on
antimuscarinics with careful monitoring of post void
residual, but this author prefers mirabegron in this
population since it appears not to exacerbate retention.
If there is any exacerbation of retention or retention/
obstructive symptoms were present initially alpha blockers
are the ideal therapy. Any patient whose bladder is
optimized during the day but has nocturnal polyuria or
nocturnal enuresis should be considered for desmopressin.

Conclusions

Antimuscarinic therapy is the mainstay in treatment for
NGB with DO or poor compliance with robust basic
science and clinical data to support its use. Alpha blockers
have less evidence to guide their use in NGB, but these

Transl Androl Urol 2016;5(1):51-62
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Uninary retention requiring CIC
+ detrusor overactivity and/or
poor compliance

Voiding, but with
obstructive symptoms
or residual urine

With autonomic
dyreflexia

Y

Antimuscarinic at
maximum tolerable dose

incontinen

Persistent

poor compliance

Y

Alpha blocker
at maximum
tolerable dose

y

>
>

ce or

Y

Add alpha blocker

Antimuscarinics at maximum
tolerable dose and strongly
consider combination with

alpha blocker

€]

Persistent
incontinence or
poor compliance

>

Y

Add imipramine** if low risk
for cardiac complications
and younger than 75 y/o

Voiding, but with
obstructive symptoms or
residual urine combined

with storage symptoms*

Voiding, but with
storage symptoms*
or poor compliance

\ 4
Alpha blocker

Y

Y

Antimuscarinic with
careful monitoring

of residual urine or
consider 3 agonist

Incontinence
managed during
daytime and
compliance
adequate, but
nocturia or
nocturnal polyuria

Y

Add antimuscarinic if
symptoms not improved
(careful monitoring of residual
urine) or consider p3 agonist

Y

Increase in
residual urine

Conservative
measures:
reduce evening
fluids, graduated
compression
stockings

Y

Y

Add alpha blocker
or consider swith to
B3 agonist

If serum sodium
normal and no
other identifiable
risk factors add
desmopressin

Figure 1 Flowchart of pharmacologic treatment of neurogenic bladder based on symptoms and urodynamic findings. *, storage symptoms =

urgency, frequency, urgency incontinence and nocturia; **, recommended starting dose 10 mg po BID-TID.

are safe medications with good evidence to support their
effectiveness in the NGB, particularly in individuals who
are able to void. They can be used in combination with

antimuscarinics to improve autonomic dysreflexia and
improve bladder storage. In those who void, but with an
elevated PVR or obstructive symptoms antimuscarinic

can push a patient into retention, hence treatment with an

alpha blocker initially can prevent this and improve voiding.

Imipramine, although studied mostly in combination with
the abovementioned drugs in triple drug therapy has been
shown to improve bladder compliance. Recommendations

on the use of these therapies alone or in combination are

outlined in

Figure 1.
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