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SUMMARY

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system. Lower
urinary tract dysfunction due to MS includes a dysfunction of the storage phase or dysfunction of the
voiding phase or a detrusor-sphincter dyssynergia. Baseline evaluation includes a voiding chart, an
ultrasound scan of the urinary tract, urine culture, and an urodynamic study. For storage symptoms,
antimuscarinics are the first-line treatment, and clean intermittent catheterization (CIC) is indicated
if there is concomitant incomplete bladder emptying. Intradetrusor injections with botulinum toxin
A (BTX-A), are recommended for refractory cases. Urinary diversion is rarely indicated. For
patients with voiding symptoms, CIC and alpha-blockers are usually offered. Sexual dysfunction
in patients with MS is multifactorial. Phosphodiesterase type 5 inhibitors are first-line therapies
for MS-associated erectile dysfunction in both male and female patients. This review summarizes
the epidemiology, pathogenesis, risk factors, genetic, clinical manifestations, diagnostic tests, and
management of MS. Lastly, the urologic outcomes and therapies are reviewed.
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1. Introduction
Multiple sclerosis (MS), the most prevalent neurological
disability, is an autoimmune-mediated disorder that
affects the central nervous system (CNS) and often
leads to severe physical or cognitive incapacitation
as well as neurological problems in young adults (1).
It is traditionally viewed as a two-stage disease, with
early inflammation responsible for relapsing-remitting
disease and delayed neurodegeneration causing nonrelapsing progression. MS is more common in females.
There is a genetic influence on MS susceptibility; about
one in eight patients have a family history of MS. The
main genetic risk associated with MS resides in HLA
-DRB1*15 (2). Approximately, 2.5 million individuals
are affected worldwide, and young individuals aged
between 20 and 40 years are mainly affected. MS is
regarded as a T cell-mediated autoimmune disorder
with a predominance of CD8-positive T cells (CD8+)
cells compared with other T-cell subsets, B cells or
plasma cells (3). The McDonald's diagnostic criteria
for MS routinely undergo revisions aligning the

criteria with advancements in imaging technologies.
Diagnosis is based on parameters such as medical
history and neurological exam, as well as paraclinical
parameters such as magnetic resonance imaging (MRI),
cerebrospinal fluid showing oligoclonal banding, and
evoked potentials. MRI remains the most sensitive tool
available for determining events that meet diagnostic
criteria for dissemination in time and space. The
prevalence of MS is highest in North America, Western
Europe and Australasia (> 100 cases per 100,000
population), and lowest in countries centered around
the equator (< 30 cases per 100,000 population) (4).
Effective management requires a multifaceted
approach to control acute attacks, manage progressive
worsening, and remediate bothersome or disabling
symptoms associated with this illness. The emergence
of higher-efficacy drugs requiring less frequent
administration has made these preferred options in
terms of tolerability and adherence (5). The goals of
therapy with disease-modifying agents in patients
with MS include shortening the duration of acute
exacerbations, decreasing their frequency, and providing
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symptomatic relief. It is common practice to treat acute
relapses of MS with a short course of a corticosteroid
(6). For newly diagnosed treatment-naive patients,
multiple therapies are indicated and could include the
injected medications (interferons (IFN), glatiramer
acetate (GA)), oral therapies (fingolimod, dimethyl
fumarate (DMF) and teriflunomide), and even
monoclonal antibodies (ocrelizumab, natalizumab,
and, alemtuzumab). In patients who have ongoing
disease activity despite treatment with so-called platform
therapies (interferons, GA, or teriflunomide) switching
to therapies that may be more effective (fingolimod,
DMF, ocrelizumab, natalizumab and alemtuzumab)
might result in better control of relapsing disease activity
(7). Based on the mechanisms of action and efficacy
and safety profiles of these drugs, for most patients, one
of the two treatment approaches is normally used. The
first approach, which focuses on safety, is escalation
and starts with lower risk disease-modifying therapies
(DMTs) and shifting to higher risk treatment if disease
activity occurs. The second approach, which prioritizes
efficacy, is induction, in which a strong immune
intervention is used from diagnosis of disease. Several
factors have a role in treatment decisions for individual
patients with MS, including disease activity, patient
characteristics, treatment burden, and cost (8).
Although the genitourinary consequences of MS
are rarely life-threatening, they can cause significant
morbidity and patient frustration. The majority of
patients with MS have symptoms ranging from
urgency, urge incontinence, and frequency to urinary
retention (9). Most patients with progressive MS will
develop voiding dysfunction. Although there are many
treatment options for patients with neurogenic bladders,
therapy must remain conservative and initially reversible
because symptoms from MS tend to wax and wane
over time (10). The location of MS plaques will profile
unique features of lower urinary tract dysfunction
(LUTD). Lesions of the relevant suprapontine or spinal
pathways regulating the lower urinary tract functions
affect the storage phase, resulting in reduced bladder
capacity and detrusor overactivity. The patient might
report varying degrees of urinary urgency, frequency,
nocturia, and incontinence (overactive bladder (OAB)
symptoms). Injury to the suprasacral spinal pathways
also results in loss of coordinated activation of the
detrusor and inhibition of the urethral sphincter during
voiding. Instead, there is a simultaneous contraction of
the detrusor and urethral sphincter, known as detrusorsphincter dyssynergia (DSD). Lesions of the sacral cord
or infrasacral pathways result in voiding dysfunction
associated with poorly sustained or absent detrusor
contractions and/or non-relaxing sphincter (11). Nearly
90% of patients with MS experience some degree of
voiding dysfunction and/or incontinence. LUTD rarely
presents as the primary MS manifestation and usually
appears 6-8 years after the initial diagnosis. There

is a paucity of trials that guide treatment of urologic
dysfunction in MS patients. Usually, a multidisciplinary
team composed of general practitioners, rehabilitation
specialists and neurologists, and urologists can properly
manage those patients. The management of bladder
dysfunction is individually tailored according to the
pattern of LUTD (12). Management of LUTD focuses,
primarily, on improvement of patients' symptoms and
quality of life and, secondarily, on the preservation
of the upper urinary tract and avoidance of urological
complications. First-line treatments include fluid
management, pelvic floor muscle training (PFMT), and
medical therapies (antimuscarinic agents), and secondline treatments include Botulinum toxin A (Botox)
intradetrusor injections, intravesical therapies, invasive
and non-invasive neuromodulation, and catheterization
(13).
We performed a narrative review to discuss briefly
the epidemiology, pathogenesis, risk factors, genetic
contribution, clinical course, diagnosis, and treatment of
MS. The urologist had a crucial role in the management
of urologic manifestations of patients with MS. We
reviewed the current literature regarding the urological
outcomes and management of patients with MS.
2. Overview of MS
2.1. Epidemiology of MS
MS is the most frequently demyelinating disease, with a
prevalence that varies considerably, from high levels in
North America and Europe (> 100/100,000 inhabitants)
to low rates in Eastern Asia and sub-Saharan Africa
(2/100,000 population) (14). The highest prevalence
rates have been estimated for the age group 35-64 years
for both sexes and all countries (15). In 2016, there
were 2,221,188 prevalent cases of MS globally, which
corresponded to a 10.4% (9.1 to 11.8%) increase in agestandardized prevalence since 1990. It was demonstrated
that a strong latitude gradient for the prevalence of MS
has occurred, with an increase in prevalence of 1.03
times per degree of latitude. A north to south decrease in
prevalence by latitude gradient has been recognized in
North America and Western Europe (16).
2.2. Pathogenesis of MS
Over the years, MS has been considered to be an
autoimmune disorder where myelin-specific T cells
initiate an inflammatory process that results in CNS
demyelination. These autoreactive T cells are activated
in the periphery and upregulate adhesion molecules that
allow these T cells to interact with and cross the bloodbrain-barrier and finally establish an inflammatory
response directed against myelin (17). Within the CNS,
these T cells re-encounter specific antigens and set
up an inflammatory process that resembles delayed-
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type hypersensitivity, dominated by lymphocytes
and microglia. Various immunological effector
mechanisms are initiated, which include cytotoxic T-cell
proliferation, antibody production, and activation of
microglia. The myelin-oligodendroctye unit is damaged,
saltatory conduction breaks down and the symptoms
of MS follow (18). In recent years, it has become more
evident that axonal damage is the major morphological
substrate of permanent clinical disability of MS
patients. There was a significant correlation shown
between the extent of axon damage and the numbers
of CD8-positive cytotoxic T cells and macrophages/
microglia (19). The role of the B-lymphocytes (B cells)
in MS pathogenesis is also important. It contributes
twofold. First, as autoreactive B cells, they produce
autoantibodies, secrete cytokines, clonally replicate
memory B cells, and long-living plasma cells, which
serve to advance the disease state by their constant
production of autoantibodies. Second, as antigenpresenting cells, they activate autoreactive T cells (20).
Insulin-like growth factor I (IGF-I) promotes
myelin production by oligodendrocytes. IGF-I and
type 1 IGF receptors (IGF1R) are upregulated at the
edges of the demyelinated plaque. It has been shown
that oligodendrocytes within MS lesions have reduced
IGF1R expression. The ablation of brain IGF1R prevents
remyelination in this animal model (21). Immature
oligodendroglia in areas of demyelination exhibited
increased expression of the IGF-1 receptor during early
recovery. Since IGF-1 is an essential factor involved
in proper myelinogenesis and neurotrophic effects,
this molecule holds potential for applications aimed at
repairing tissue in MS (22).
In-depth analysis of spinal cord molecular
neuropathology in MS patients was found that areas
of incomplete demyelination extend a distance away
from plaque borders and are characterized by a TGF-
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beta 1 (transforming growth factor-beta 1) progliotic
signature. Based on the identification of astrocytes
vs. oligodendrocyte gene co-expression networks, it
was proposed that TGF-beta 1, while preventing acute
inflammation, could promote gliosis and alter the
translation of myelin genes (23). Also, TGF-β plays
a vital role in the development and function of CD4+
regulatory T cells (Tregs). It was found that TGF-β
receptor II expression was reduced in MS patients' CD4
T cells. It is well-documented that there is a defect in
the Treg population in MS patients, so modulation of
TGF-β signaling may be used to correct this defect (24).
It is believed that T helper 17 cells (Th17 cells), along
with Th1 cells, play a role in MS pathogenesis, which,
if not crucial, is at least significant. A majority of CD4+
T cells in acute MS lesions produce IL-17A and hence
can be classified as Th17 cells. Certain types of MS,
such as opticospinal MS, have a dominant signature of
Th17-driven pathology, including a large proportion of
granulocytes among CNS-infiltrating cells (25).
Damage to axons is taken as a key factor for
disability in MS, but its pathogenesis is largely
unknown. Axonal injury is believed to occur as a
consequence of demyelination and was recently shown
to be a feature even of the early disease stage. Axonal
injury is, therefore, at least in part, independent of
demyelinating activity, and its pathogenesis may be
different from demyelination (26). The factors that
contribute to the pathogenesis of MS are summarized in
Figure 1.
2.3. Risk factors of MS
Vitamin D deficiency, the season of birth, Epstein
Barr virus (EBV) infection, and smoking behavior
are strongly implicated and able to influence genetic
predisposition to MS. Furthermore, these factors appear

Figure1. The Pathogenesis of MS. MS, multiple sclerosis; Tregs, Regulatory CD4+ T cells; CNS, central nervous system.
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to act synergistically and the risk of MS in individuals
exposed to more than one factor combines (27). The
strongest known risk factor for MS is infection with
EBV. Compared with uninfected individuals, the hazard
of developing MS is approximately 15-fold higher
among individuals infected with EBV in childhood and
about 30-fold higher among those infected with EBV in
adolescence or later in life. There is growing evidence
that vitamin D insufficiency is a risk factor for conversion
from clinically isolated syndrome to MS and MS
progression (28). There is strong evidence that pregnancy
does not worsen long-term prognosis despite an
increased risk of relapses in the early postpartum period.
Exclusive breastfeeding (no supplemental feedings for at
least 2 months) reduces this risk of postpartum relapses,
whereas nonexclusive breastfeeding appears to have
no effect. Obesity or obesity-related comorbidities have
been associated with worse outcomes among people with
MS (29). It has been suggested that alcohol consumption
was associated with mood disorders, disability, and
even onset of MS, but a common theme is lacking (30).
Physical and emotional stressors continue to be studied
as potential MS risk factors. Important issues to be
considered are the definitions of stress used, and the
period of exposure thought to be relevant. Evidence for
the role of emotional stress in MS etiology was weak,
but left open the possibility that emotional stressors
could be causal factors (31).
2.4. Genetic contribution to MS
The largest and first identified genetic risk factor for MS
is an allele from the major histocompatibility complex
(MHC) class II HLA-DRB1 gene, HLA-DRB1*15:01,
which increases the risk about threefold. The HLADRB1 gene is expressed in antigen-presenting cells,
and its protein functions in presenting particular types
of antigen to CD4 T cells. The HLA-DRB1*15:01 allele
is associated with phenotypic features of the disease
including female sex and the presence of cerebrospinal
fluid-restricted oligoclonal bands (32). As anticipated, the
MHC was definitively associated with MS susceptibility;
however, beyond the MHC only two other loci were
identified. These loci (the first non-MHC loci that were
definitely associated with MS risk) encoded genes
involved in immune regulation: the interleukin-2 receptor
(IL2Ra) and the interleukin-7 receptor (IL7Ra) (33).
Genome-wide association studies (GWAS)
have identified more than 150 single nucleotide
polymorphisms (SNPs) associated with MS susceptibility.
The odds ratio (OR) associated with the majority of these
is small, around 1.1-1.2. Many of these SNPs lie close
to genes associated with immune function, typically in
regulatory rather than coding regions. Functional variants
identified include those within IL7R, IL2RA, TNFR1,
BAFF, and CYP2R1 (34). Overall, GWAS data support
the long-held idea that susceptibility to MS is affected by

the action of common (those with a risk allele frequency
> 5%) sequence allelic variants in multiple genes. Metaanalysis has now brought the total number of associations
to more than 200. The sum of each MS-associated allele
(weighted by its effect size) is defined as MS genetic
burden and can be calculated for each individual. A
similar measure has also been computed to quantify
risk at the HLA region; a high HLA-genetic burden is
associated with a few demographic (young age at onset)
and imaging characteristics. Besides, environmental
factors have been shown to interact with genetic risk
loci (smoking and HLA), therefore increasing the risk of
developing MS (35).
There are significant differences between mild
relapsing-remitting MS (mRRMS) and primary
progressive MS (PPMS) gene expression. Surprisingly,
the differentially expressed genes were mostly involved
in immunological and inflammatory pathways,
suggesting that the difference in MS phenotypes is
caused primarily by a difference in immune responses
(36).
2.5. MS stages and clinical progression
MS expresses itself in four clinical forms: relapsingremitting MS (RRMS), secondary progressive MS
(SPMS), primary progressive MS (PPMS), and
progressive relapsing MS (PRMS). Approximately
87% of patients present with RRMS, characterized
by acute attacks (relapses) followed by partial or
full recovery (remission) (37). The earliest clinical
presentation of relapsing-remitting MS (RRMS) is the
clinically isolated syndrome (CIS). Predicting which
CIS patients are at high risk for MS is complicated by
the disparity between clinical attacks and the extent of
axon pathology (38). With the increased knowledge
base of MS pathology, the limitations of purely clinical
phenotypes, lacking imaging and biological correlates,
became evident. In 2012, the Committee (sponsored by
the National Multiple Sclerosis Society (NMSS) and
the European Committee for Treatment and Research
in MS) reexamined the original clinical phenotypes
to provide improved terminology while incorporating
imaging, fluid biomarkers, and other assays. The
Committee recommended retention of the basics of
the original 1996 MS phenotypes but introduced new
descriptors of activity and progression. Two new
disease courses were added: radiologically isolated
syndrome (RIS) and CIS (39).
RRMS can be further characterized as an active or
not an active disease, worsening and stable disease.
Active disease shows evidence of new relapses, new
gadolinium-enhancing lesions, and/or new or enlarging
T2 lesions on MRI over a specified period. Not active
disease is that showing no evidence of disease activity.
The worsening state is defined as increased disability
confirmed over a specified period following a relapse.
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Stable disease is defined as no evidence of increasing
disability over a specified period following a relapse.
PPMS can be further characterized as an active or
not an active disease, with progression or without
progression. Disease with progression is defined as
evidence of disease worsening on an objective measure
of change, confirmed over a specified period, with
or without relapses. Disease without progression is
defined as disease with no evidence of worsening
on an objective measure of change over a specified
period. SPMS can be further characterized as an active
or not an active disease, with progression or without
progression. PRMS individuals who were previously
diagnosed with progressive relapsing MS would now
be considered primary progressive: active (at the time
of relapses or new MRI lesions) or not active (40).
If the MRI is typical for MS but there are no clinical
symptoms or signs suggestive of a demyelinating
d i s o r d e r, p a t i e n t s a r e d i a g n o s e d a s h a v i n g a
radiologically isolated syndrome (RIS). Multiple studies
have tried to identify common predictive factors for
conversion of RIS to clinical MS, the strongest thus far
being an asymptomatic cervical spinal cord lesion (41).
2.6. Diagnostic test for MS
The diagnosis of MS is based on neurological symptoms
and signs, alongside evidence of dissemination of
CNS lesions in space and time. MRI is often sufficient
to confirm the diagnosis when characteristic lesions
accompany a typical clinical syndrome, but in some
patients, further supportive information is obtained from
cerebrospinal fluid examination and neurophysiological
testing (42). It is crucial to define the attacks correctly.
In a patient presenting with an attack, the most important
paraclinical test to confirm the diagnosis is MRI with
intravenous contrast agent containing gadolinium. This
can both present the nature of the lesions (inflammatory
and demyelinating characteristics) for differential
diagnosis, and the distribution of the lesions within the
CNS (evidence of dissemination in time and space for
the latest diagnostic criteria (43).
Since their introduction in 2001 up to the recent
2017 revision, the McDonald diagnostic criteria for
MS are based on the number, size, and location of
the brain and the spinal cord lesions believed to be
typical of MS. Lesion assessment on conventional T2weighted and post-contrast T1-weighted MRI sequences
has allowed the definition of criteria that support the
early diagnosis of MS (44). The 2017 revisions of the
McDonald diagnostic criteria for MS were agreed on
by an international expert panel. One major change is
inclusion of cerebrospinal fluid (CSF) oligoclonal bands
as evidence of dissemination in time (DIT) in a patient
with dissemination in space (DIS) gathered by clinical
or magnetic resonance examination. The distinction
between asymptomatic and symptomatic lesions in
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accounting for evidence of dissemination in space or
time in supra, infratentorial, and spinal cord syndrome
has been abandoned. Finally, cortical lesions can be used
to demonstrate dissemination in space (45).
CSF examination remains a valuable diagnostic
test, particularly when clinical and MRI evidence is
insufficient to confirm the diagnosis of MS. There has
been a major change in the most recent MS diagnostic
criteria in that oligoclonal bands in the CSF can be used
as a surrogate marker of DIT to confirm the diagnosis
of RRMS in people with CIS and MRI evidence of
DIS. CSF findings are also important when there is a
progressive course from onset (PPMS) and when there
are any atypical clinical or imaging findings. Evidence
of intrathecal antibody synthesis (oligoclonal bands in
the CSF but not in a paired serum sample) supports the
diagnosis of MS. An elevated CSF protein > 1.0 g/L or
significant pleocytosis > 50 cells/mm³ or the presence of
neutrophils would suggest an alternative diagnosis (46).
2.7. Management of MS
Intravenous methylprednisolone is an anti-inflammatory
glucocorticosteroid that is indicated by the Food and
Drug Administration (FDA) for the treatment of MS
relapse. Repository corticotropin injection (RCI), is
a subcutaneous (SC) or intramuscular (IM) injection
of adrenocorticotropic hormone (ACTH) approved
by the FDA for use in patients experiencing MS
relapse. Plasmapheresis is a medical procedure that
has been recommended for steroid-resistant acute
MS relapses by the American Academy of Neurology
and the American Society for Apheresis. Intravenous
immunoglobulin (IVIG) is an administered treatment
comprised of pooled immunoglobulin G (IgG) prepared
from the fractionation of human plasma and is also
used in the treatment of MS relapse despite not having
an FDA indication for such use (47).
Seven DMTs are currently approved as first-line
therapy in RRMS without any restrictions: (IFN)-beta
1a IM, IFN-beta 1a SC, IFN-beta 1b SC, Peginterferonbeta 1a, GA, teriflunomide, and DMF. In patients with
highly active disease (HAD), fingolimod, siponimod,
natalizumab, ocrelizumab, or cladribine may be initiated
following careful risk stratification (serum anti-JCV
antibody, prior immunosuppressant use, cardiac disease,
diabetes mellitus, retinal disorders, and malignancies).
In patients with rapidly evolving aggressive disease,
natalizumab, ocrelizumab, or alemtuzumab are
recommended after careful risk stratification. In patients
with moderately active disease and suboptimal response
to first-line therapies as defined above, treatment
escalation to fingolimod, siponimod, natalizumab,
ocrelizumab, or cladribine should be considered. In
patients with HAD and suboptimal response to DMTs,
treatment escalation to natalizumab, ocrelizumab,
cladribine or alemtuzumab should be considered (48).
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The treatment of both PPMS and SPMS collectively
referred to as progressive MS, has proven quite
challenging due to the multifactorial and poorly
understood pathophysiology of MS in general,
specifically that of progressive disease. Ocrelizumab is
indicated for patients with early PPMS in terms of disease
duration and level of disability, as well as inflammatory
activity on MRI. The benefit of ocrelizumab in PPMS
patients over age 55 years and more than 10-15 years
disease duration is unclear (49). Siponimod is a newergeneration sphingosine 1 phosphate (S1P) receptor
modulator that internalizes S1P1 receptors. The results
of a phase-III study suggest that siponimod may be
beneficial in secondary progressive MS, at least in
patients with disease activity (50). Ibudilast slowed brain
atrophy in PPMS and SPMS patients in a multicenter
phase 2b study. Smaller early phase studies of alphalipoic acid and simvastatin each found slowing of the
rate of whole-brain atrophy in SPMS patients. Reasons
now exist for optimism in the search for DMTs for
progressive MS (51). The summary of therapy for MS
subtypes is summarized in Table 1.
3. Urologic outcomes of MS
Urological symptoms often may be present as one
of the initial presenting symptoms of MS. It may
be the initial presenting complaint in MS in 3-10%
of patients. It appears that LUTD occurs secondary
to spinal cord involvement and in 50-80% of the
patients. This can result in significant morbidity and
significant impairment of quality of life. Most patients
have storage-phase symptoms (urgency, frequency,
nocturia, and urgency urinary incontinence) at some
point but many are also affected by voiding-phase
symptoms (weak and interrupted stream, straining to

urinate, double voiding, and sensation of incomplete
bladder emptying after voiding). Storage-phase, OAB
affects between 32% and 86% of patients with urgency
urinary incontinence reported in 36-72% (52). The
lateral and posterior cervical spinal tracts are the most
common sites for demyelination from MS and are the
exact site of the necessary spinal tract pathways used
to coordinate normal voluntary voiding. A patient
with progressive and advancing MS loses volitional
and synergistic control of the micturition reflex.
These patients void only when they experience an
involuntary detrusor contraction. Detrusor hyperreflexia
due to unmasking of the sacral micturition reflex
center or removal of cerebral inhibitory pathways
by suprapontine neural plaques (or both) is reported
to occur in 50 to 90% of patients with MS. Of the
patients with detrusor hyperreflexia, approximately
half will also have coexisting external urinary sphincter
dyssynergia. Because of the presence of a sacral plaque,
approximately 20% of the patients will have detrusor
areflexia (53).
The variation in LUTD experienced by patients
with MS may be attributable to the variable locations
of lesions in the CNS. Understanding this relationship
is important to further elucidate the pathophysiological
relationship between MS and LUTD (54). Table 2
summarizes the LUTD according to the site of lesion in
MS patients. Two factors likely to influence the clinical
presentation of LUTD in MS are the MS duration and the
severity of the neurological deficiencies and disabilities.
There appears to be a significant correlation between the
MS duration and the presence and the severity of clinical
LUTD but not with their clinical presentation. The
prevalence of clinical LUTD appears to be correlated
with the severity of the overall deficiencies. The
correlation between urinary retention and neurological

Table 1. Treatment options according to each subtype of MS
Clinical subtype
Acute MS relapse
RRMS
RRMS; Highly active disease
Active SPMS
PPMS
Refractory rapidly progressive SPMS

Therapy
Corticosteroids, repository corticotropin injection, plasmapheresis
(IFN)-beta 1a IM, IFN-beta 1a SC, IFN-beta 1b SC, Peginterferon-beta 1a, GA, Teri-flunomide, DMF
Fingolimod, Siponimod, Natalizumab, Ocrelizumab, Cladribine
Ocrelizumab or Siponimod
Ocrelizumab
Cyclophosphamide, Methotrexate

MS, multiple sclerosis; RRMS, relapsing-remitting MS; IFN, Interferon; SC, Subcutaneous; IM, Intramuscular injection; GA, glatiramer acetate;
DMF, dimethyl fumarate; SPMS, secondary progressive MS; PPMS, primary progressive MS.

Table 2. Lower urinary tract dysfunction according to the site of lesion in MS patients
Site of the lesion
Suprapontine
Spinal: Infrapontine, supra-sacral
Spinal: Sacral and infrasacral

Urologic dysfunction on UDS
Detrusor overactivity
Detrusor overactivity, detru-sor- sphincter dyssynergia
Detrusor underactivity

MS, multiple sclerosis; LUTD, lower urinary tract dysfunction; UDS, urodynamic study.
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LUTD type
Mostly storage symp-toms
Storage and voiding symptoms
Mostly voiding symp-toms
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status is still controversial (55).
The presence of LUTD emerges during the visit,
either because it is reported by the patient, or because it
is found by the neurologist. Initial evaluation consists
of several protocols. A consensus of the Italian Multiple
Sclerosis Study Group suggest (a) quantification of
the neurological deficit using the Functional Systems
(FS) Scale and the Expanded Disability Status Scale
(EDSS) according to Kurtzke; (b) the use of dedicated
psychometric instruments, to best evaluate the possible
presence of urinary symptoms; (c) the execution of urine
test with urine culture and the possible treatment of
urinary tract infections (UTIs) based on the antibiogram;
(d) the use of a bladder diary (volume/frequency card)
filled out by the patient to obtain information about
the frequency of urination and volume voided at each
urination; (e) the determination of post-void residual
volume (PVR) by ultrasound or bladder catheterization;
(f) the performance of an ultrasound of the urinary
apparatus (56). A United Kingdom (UK) consensus
on the management of the bladder in MS recommends
doing an initial assessment with urine testing and
measurement of the PVR. Urodynamic study (UDS)
with or without additional synchronous fluoroscopic
screening (video urodynamics), is used in neurourological practice to plan management of refractory
symptoms or to identify patients at risk of future
complications, particularly upper urinary tract problems.
However, it should be noted that upper tract deterioration
is much less common in patients with MS than in spinal
cord injury (57). The risk of a pathological result in
urodynamics is especially high for patients with EDSS
> 6.5, use of more than one incontinence pad per day,
and an MS that is not of the relapsing-remitting type
(58). The ideal moment and context to indicate UDS in
MS patients remain controversial. UDS is not indicated
in the initial assessment of all MS patients reporting
LUTD. Indications to perform UDS in MS patients are
one or more of these conditions: evidence for spinal
cord disease, increasing degree of disability according
to EDSS, hydronephrosis/deterioration of renal function,
increased PVR, recurrent UTIs, failure of conservative
treatment (59).
UTIs are a major concern for patients with MS and
pose a challenge to the treating physician. UTIs are
ranked among the top three reasons for hospitalization,
being responsible for 30-50% of all in-patient admissions
of people with MS. The occurrence of recurrent UTIs
in those patients may indicate suboptimal management
of underlying LUTD. Known facts are the usefulness of
urinalysis using to exclude UTIs and the non-treatment
of asymptomatic UTIs except in the context of an acute
MS relapse (60). Anatomic upper urinary tract (UUT)
abnormalities in MS are reported in 0-25% of patients,
most of which are noted at presentation for the evaluation
of LUTD. Adverse findings include: pyelonephritis (025%), hydronephrosis (0-25%), vesicoureteral reflux
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(0-15%) and nephrolithiasis (2-11%). The development
of structural UUT changes is low in MS patients. One
explanation is that the disease course of MS is marked by
relapses and remissions, which may lead to fluctuations
in LUTD, leading to less effect on the UUT (61). High
EDSS is significantly associated with urodynamic risk
factors for UUT damage and allows a risk-dependent
stratification in daily neurological clinical practice. An
EDSS of ≥ 5.0 identified almost 90% of patients at risk
for UUT damage (62). Patients with MS have a high
incidence of calcium phosphate stones and struvite
stones. The method of bladder management appears to
be a risk factor in the development of stone disease (63).
Stratifying for sex and age, female patients with MS at
the ages of 30 to 39 years and female patients with MS
for more than 10 years exhibited an increased risk of
bladder cancer, whereas in men the risk of bladder cancer
was increased 1 to 9 years after MS diagnosis (64). In a
matched cohort study, the incidence rates and mortality
rates for bladder cancer were higher in the MS cohort
than in the matched cohort, consistent with some, but not
all prior studies. The increased risk of bladder cancer in
the MS cohort may reflect the more frequent presence of
risk factors such as recurrent UTIs or the use of chronic
indwelling catheters secondary to the neurogenic bladder
(65).
Sexual dysfunctions (SD) are highly prevalent in MS
patients and include diminished desire, arousal/erectile
dysfunction (ED), and orgasmic/ejaculatory dysfunction.
SDs can be caused by damage to the brain, to the spinal
cord areas, and the peripheral neurons engaged in
sexual response (66). SD may not only be due to lesions
affecting the neural pathways involved in physiological
function (primary dysfunction) but also result from
general physical disabilities (secondary dysfunction) or
psychological and emotional issues (tertiary dysfunction)
(67). The most common sexual complaint in an MS male
is ED, which can be found in 23% to 91% of patients.
It is generally known that MS substantially determines
a generalized demyelination process that interrupts the
continuity of the neural pathways and alters the neural
function that is essential for normal erection function
(68). As depression occurs very commonly in patients
with MS, with a lifetime prevalence of around 50%,
this contributes to the very high prevalence of SD in
those patients (69). The Multiple Sclerosis Intimacy
and Sexuality Questionnaire-19 (MSISQ-19) is a 19item self-report tool that measures SD stemming from
the primary, secondary, or tertiary domains and has been
validated in the MS population. An advantage of the
MSISQ-19 is that it is quick, taking approximately 2
minutes to complete, and can be done before any patient
visit (70).
4. Urologic Management of MS
4.1. Management of the storage symptoms (OAB
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Figure 2. Algorithm for the management of storage symptoms in MS patients. MS, multiple sclerosis; UUI, urge urinary incontinence; SIC,
self-intermittent catheterization; PVR, post void residual volume; BTX-A, Botulinum toxin A.

symptoms) in MS patients
A detailed algorithm for the management of the storage
symptoms in MS patients is summarized in Figure 2.
4.1.1. General measures and physical treatment
Patients should be encouraged to keep a micturition
diary, to drink adequately and regularly throughout
the day (1.5-2l/day) but not late at night, and, if a
pathological residual volume is present, not to delay
micturition in case of urgency (71). Caffeinated fluid
intake has a minimal effect on lower urinary tract
symptoms in patients with MS. On average, patients
with MS do not hydrate excessively and a considerable
proportion restricts fluid intake to control urinary
symptoms (72). Dietary modifications, with limitation
of nighttime fluid intake, voiding before going to bed,
and avoidance of caffeine, alcohol, and tea, should also
be implemented before any pharmacological treatment
for nocturia in patients with MS (73).

Physical therapy interventions can help reduce
the negative effects of urge urinary incontinence by
decreasing some of the symptoms. Treatment protocols
vary, lacking a definitive technique (74). In patients with
slight disability and OAB, PFMT may be beneficial.
For PFMT to be effective, the neural pathways leading
to the pelvic floor must be intact, and patients must
be able to contract the pelvic floor muscles. PFMT
is thought to strengthen the inhibition exerted on the
detrusor by pelvic floor contraction. Several authors
have demonstrated the beneficial impacts of PFMT on
the course of the disease (75).
4.1.2. Antimuscarinic drugs
The treatment of urine storage problems in patients
with MS has been attempted with antimuscarinic drugs
such as oxybutynin, trospium chloride, propantheline,
imipramine (particularly for nocturia), and solifenacin
succinate. Efficacy results were varied but treatment
was often associated with significant adverse effects
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commonly associated with anticholinergic therapies
such as dry mouth and constipation and, less frequently,
impairment of accommodation with blurred vision (76).
One particularly vulnerable population is the neurogenic
bladder patients who maintain the ability to void.
These patients can void but may have elevated residual
urine, difficulty initiating voiding, or have detrusor
hypocontractility. These patients can have urgency
incontinence that would benefit from antimuscarinics
but are at high risk of urinary retention, which is a
known side effect (77). The chronic use of classical
anticholinergic drugs for bladder symptoms may have
a negative impact on cognitive functioning in MS
patients. These potential cognitive side effects need to be
considered both in clinical practice and research settings
(78).
Anatomically and functionally anticholinergics have
a potential benefit in MS but an important issue missed in
a narrow randomized controlled trials-based assessment
is the place of anticholinergics in the management of
MS-related urinary symptoms, which has only been
addressed thus far in consensus guidelines (79).
4.1.3. Botulinum toxin therapy
When anticholinergic therapy is insufficient or comes
with too many side effects, intradetrusor injections
with Botulinum toxin A (BTX-A) are recommended.
BTX injection is recommended grade A in the
European association of urology guidelines to be
the most effective minimally invasive treatment to
reduce neurogenic detrusor overactivity (NDO). These
injections might increase PVR and might introduce
the need for intermittent catheterization (80). A study
was conducted by Deffontaines-Rufin et al. to assess
the safety and efficacy of intravesical BTX-A injection
in patients with MS and refractory NDO. Seventy-one
patients with MS were included. 77% of the patients had
clinical improvement or full success from the treatment
with a reduction of their urgency and incontinence.
Significant urodynamic improvement after treatment
was shown (81). Mehnert et al. concluded in their study
that OAB treatment in patients with MS using 100
Units (U) Botox intradetrusor injections seems to be
effective and safe. Despite slightly impaired detrusor
contractility most patients still voided voluntarily
without symptoms (82). The dose of BTX-A commonly
used to treat NDO in patients with MS is 200 U, even
if in selected patients lower doses can be preferred. To
be considered eligible for treatment, all patients should
accept and be instructed to perform clean intermittent
catheterization (CIC), since the risk of increased PVR
volume and/or urinary retention after injection is high,
especially with 200 UI of BTX-A (83). Repeated
detrusor BTX-A for refractory NDO in patients with
MS has a consistent effect on bladder control, resulting
in sustained improvement in quality of life (84).
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4.1.4. Sacral neuromodulation
Sacral neuromodulation (SNM) has shown promising
results in MS patients who presented with DO. Usually,
MS patients who are candidates for SNM should have
stable disease without an expected requirement for
frequent or routine MRI; patients with RPMS typically
should not have SNM systems implanted (85).
4.1.5. Surgery
Surgical treatments of LUTD in patients with MS are
appropriate in certain situations: when conservative
therapies have failed; when intermittent selfcatheterization (ISC) through the urethra is not possible;
or in patients with serious complications such as sepsis,
urethral or perineal fistula, renal failure or severe
urinary incontinence. Augmentation cystoplasty can
be done in highly-motivated patients. The goal of an
augmentation cystoplasty procedure, which involves
surgically enlarging the bladder, is to restore a lowpressure and compliant reservoir and, thus, achieve
urinary continence. This procedure is often performed
using a segment of detubularized ileon to augment
the urinary bladder (86). Indications for augmentation
cystoplasty include intractable (to conservative
management, pharmacological treatment, and
neuromodulation) DO or urgency urinary incontinence,
and the procedure is performed either to protect renal
function or to provide continence. Augmentation
ileocystoplasty proved to be effective in neurological
patients, including those with MS. Overall, a 77%
success rate has been reported using ileum, and the
use of ISC varies greatly among different series.
Continence rate can be as high as 100%, although
anticholinergics, bladder neck reconstruction, or
continent diversion may be required to achieve it.
Contraindications to augmentation cystoplasty include
intrinsic bowel disease and inability to perform ISC.
Long term results of augmentation cystoplasty suffer
a variable rate of surgical revision (from 5% to 42%),
although a 92% success rate has been reported for
NDO (87).
Urethral catheters can be uncomfortable and can
cause urethral and bladder neck trauma and should
therefore only be considered as a temporary measure
while waiting for a suprapubic catheter insertion. The
patient should be referred to a urology service for
suprapubic catheterization, which should be performed
under both cystoscopic and ultrasound guidance to
minimize the risk of accidental bowel injury. Once
inserted, to allow adequate tract epithelialization, the
suprapubic catheter should not be changed for up to 8
weeks, after which it can then be changed at intervals of
up to 3 months. To minimize the risk of complications
associated with long-term urinary catheterization,
such as recurrent infections, encrustation, blockages,
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and bleeding, catheters can be washed out at regular
intervals (between changes) and attention can be given
to cleanliness (88).
If all previous therapies are insufficient to
control LUTD in MS patients and properly prevent
complications, or inapplicable because of the disability
associated with the disease that does not allow ISC, a
surgical approach with non-continent urinary diversion
may be an option. Large size studies are lacking to
describe outcomes of this strategy and therefore define
more accurately the targeted population as well as
better inform patients before surgery (89).
4.2. Management of the voiding symptoms in MS
patients
4.2.1. Clean intermittent catheterization and long term
indwelling catheterization
CIC has been a staple treatment for neurogenic
bladder patients with urinary retention and incomplete
emptying. In the North American Research Committee
on Multiple Sclerosis (NARCOMS) survey of over
9,000 MS patients, 11-15% of people reported currently
using or past use of a catheter. Of these patients, over
80% performed intermittent catheterization (90). The
frequency of catheterization will depend on factors
such as bladder volume, fluid intake, PVR, and
some urodynamic parameters. CIC is to be done in
cases with persistent urinary retention but indwelling
catheters should be avoided. UTI is the most frequent
complication in patients performing CIC. Trauma
from catheterization can occur but specific data in MS
patients are lacking (91).
Indwelling urethral or suprapubic catheters are
used by individuals with chronic urinary retention
who are unable to perform CIC because of poor hand
dexterity, no caregiver assistance, difficulty in using the
bathroom, or in select cases of incontinence (92).
4.2.2. Alpha-blockers
Alpha 1-Adrenergic receptors are present at the bladder
neck, where increased tone may be responsible for
urinary retention and diminished flow rates. O'Riordan
et al. conducted a randomized placebo-controlled
study to test the hypothesis that blockade of these
receptors using the selective alpha 1-adrenergic receptor
antagonist would improve bladder emptying in patients
with MS. 18 men with MS were included. There was a
mean 41% improvement in peak flow rate in the actively
treated group compared with a 7.4% deterioration in the
placebo group (p < 0.05). Residual volume improved in
both groups (93). Alpha-blockers may be effective and
safe for treating neurogenic LUTD in female and male
patients with MS but the studies were small and the
overall quality of evidence was low. To make definitive

conclusions, well designed randomized controlled trials
are highly warranted (94).
4.3. Management of the detrusor sphincter dyssynergia
in MS patients
Nearly half of the patients with untreated DSD will
develop deleterious urologic complications, due to high
intravesical pressures, resulting in urolithiasis, UTIs,
vesicoureteral reflux, hydronephrosis, obstructive
uropathy, and renal failure. The mainstay of treatment
is the use of antimuscarinics and catheterization,
but in those for whom this is not possible external
sphincterotomy has been the last resort option (95).
BTX-A injections for DSD have been primarily used
in patients who were unable to perform CIC as an
alternative to surgical sphincterotomy (96).
4.4. Management of sexual dysfunction in MS patients
The first-line therapies for male SD are
phosphodiesterase type 5 inhibitors. Sildenafil and
tadalafil are proven effective and well-tolerated therapy
for ED in MS patients. Alprostadil (prostaglandin E1)
and adrenoceptor antagonists (phentolamine) have been
proven useful (97). Women with MS and SD are faced
with limited treatment options including sildafenil and
possibly estrogen replacement therapy, although more
research is needed (98). Sildenafil is unlikely to help
all patients with neurogenic female sexual dysfunction.
Statistically significant improvement following
sildenafil was only reported in the lubrication domain
of the sexual function (99).
5. Conclusion
LUTD is common in MS and can be extremely disabling
and embarrassing for patients. Depending on disease
status and symptoms, MS urinary symptoms may respond
to directed behavioral therapy, antimuscarinics, CIC,
intravesical BTX injections, sacral neuromodulation,
or surgical therapies. Due to the complexity and
multifactorial nature of sexual dysfunction in MS
patients, a multidisciplinary approach is necessary to
provide them the best care. A close urology follow-up
can reduce morbidity and improve the quality of life of
those patients.
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