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Abstract
Importance of the field

Pain, dysphagia, respiratory problems, sexual and cardiovascular dysfunctions may occur in
patients with multiple sclerosis (MS).

Areas covered in the field

In the present review we attempt to summarize the current knowledge on the impact that pain,
dysphagia, respiratory problems, sexual and cardiovascular dysfunctions have in patients with MS.

What the reader will gain

The current understanding on pain, dysphagia, respiratory problems, sexual and cardiovascular
dysfunctions and future research perspectives to expand the knowledge of this field.

Take home message

To effectively manage MS it is essential that these symptoms are recognised as early as possible
and treated by a rehabilitative multidisciplinary approach, based on proven scientific evidence.
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1 Introduction

Multiple sclerosis (MS), a chronic disease of the central nervous system (CNS), is one of the
leading causes of neurological disability of young adults [1]. The disease is sustained by a
complex and not entirely defined inter-play between inflammation and neurodegeneration.
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The diagnosis of MS is based on the (revised) McDonald criteria [2] and is
multidisciplinary. Both clinical and paraclinical measures are included. The presence of at
least two clinical attacks accompanied by clinical evidence of at least two lesions by
magnetic resonance imaging (MRI) is indicative of MS. If clinical evidence of at least two
clinical lesions cannot be found by neurological examination, dissemination in space may be
provided by specific MRI criteria [3], and by the presence oligoclonal bands in the
cerebrospinal fluid (CSF). The new criteria for the diagnosis of MS, revised in 2005,
acknowledge the capability of making a definitive diagnosis of MS either after a
monosymptomatic presentation or in the context of a primary progressive course. Revision
of these diagnostic criteria, states that a) a new lesion, with respect to a previous MRI
performed at least 30 days after the initial clinical event, can be used to demonstrate
dissemination in time; b) spinal lesions may also play a role in defining specific
abnormalities on MRI compatible with MS (dissemination in space); ¢) CSF positive for the
presence of oligoclonal bands may be useful to diagnose, though in the presence of
appropriate MRI changes, CSF abnormalities are not required for a definitive diagnosis.

From a clinical standpoint, lesion dissemination in space makes MS potentially manifest
with a variety of neurological symptoms. Some symptoms are easily detectable by patients,
caregivers and physicians. Those symptoms include motor, sensory and visual disturbances
as well as, to some degree, cognitive impairment. Other symptoms are more difficult to
recognize as MS-induced by the patients hence to be reported. Such symptoms include
disturbances of the cardiovascular system, sexual impairment, dysphagia, respiratory
problems and pain [4]. All and each of these symptoms can profoundly impact patient
quality of life (QoL) of patients and caregivers and also be very disabling for patients. It is
important to emphasize that numerous other symptoms beyond mator, visual and sensory
disability and besides pain, dysphagia, respiratory problems, sexual and cardiovascular
dysfunctions afflict patients with MS. These symptoms include bladder and bowel problems
and, outside the dysautonomia area, cognitive and emotional dysfunctions. However, since
the knowledge on possible diagnostic algorithms, therapeutic approaches and impact that
pain, dysphagia, respiratory problems, sexual and cardiovascular dysfunctions may have in
MS patients is limited with respect to the one about bladder and bowel problems or
cognitive and emotional disability, in the present manuscript we focus on pain, dysphagia,
respiratory problems, sexual and cardiovascular dysfunctions. For each of the discussed
clinical entities, we will describe the prevalence and type, the hypothesized
pathophyisiology in relation to the presence of MS, the imaging correlates and the
pharmacological and non- pharmacological therapies currently available to overcome them.

Although pain, dysphagia, respiratory problems, sexual and cardiovascular dysfunctions are
very common in MS patients and to some extent likely induced by the disease, they remain
partially non-specific in the way they manifest clinically. Also, since large case-control
studies focusing in these symptoms are lacking, much remains unknown regarding the
relation between MS and pain, dysphagia, respiratory problems, sexual and cardiovascular
dysfunctions.

2. METHODS

Electronic database (Medline, PubMed and collections of books available through the
National Institutes of Health library) were selected for material in English, French, Spanish
and Italian language without limiting the publication date. The search terms used were as
follows: MS, MRI, cardiovascular dysautonomia, central neuropathic pain, dysphagia,
erectile dysfunction, fatigue, orgasm, orthostatic intolerance, pain, respiratory deficits,
sexual dysfunction. Due to the paucity in literature regarding therapeutics, no classification
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of the literature according to common criteria (level of evidence I-1V, e.g.) and level of
recommendation was performed.

3. DYSPHAGIA
3.1 Prevalence, symptoms and physiopathology of dysphagia in MS

Dysphagia is a disabling, life-threatening symptom that can cause death through aspiration
pneumonia. Prevalence of dysphagia ranges from 33% to 43% [5,6]. Permanent dysphagia
may be visible in mildly impaired patients, such as those with a score of 3.0-3.5 at the
Expanded Disability Status Scale (EDSS) [7], and reach a prevalence of 65% in most
severely disabled patients [8,9] (EDSS 8.0-9.0). Dysphagia may also occur in as many as
17% patients with mild disability (EDSS <2.5) [10].

Despite complaints made by both patients and caregivers, this symptom is often
underestimated; indeed, as it is not considered to be life-threatening, it is not always
evaluated in clinical practice. Family and caregivers should be encouraged to pay careful
attention to cough when patients are eating or drinking, to weight loss, to a rise in
temperature related to respiratory symptoms and to dysarthrophonia. Such symptoms should
be investigated further. A videofluorographic swallowing study (VFSS) and a fiberoptic
endoscopic examination may be considered to be equally effective in detecting dysphagia
and should be considered fundamental for the subsequent treatment of this symptom.

The most common symptoms in moderate dysphagia are choking episodes, food retention in
the pharynx, leaking of oral content in the pharynx and larynx, obstructive apnoea and acute
pneumonia due to aspiration of bolus into the bronchial tree [11].

Dysphagia in MS may be due to impairment of both the oral and the pharyngeal phases of
swallowing. Abraham and co-workers found impairment of the upper oesophageal sphincter
in 100% of a small cohort of 13 patients with MS and EDSS scores of 2.0-9.0 [10].
Calcagno and co-workers [12] classified 49 patients with primary progressive (PP) MS and
secondary progressive (SP) MS in three patient groups on the basis of severe, moderate and
slight dysphagia. Patients with severe dysphagia had impairment of both the oral and
pharyngeal phases of swallowing; patients with moderate dysphagia had motor impairment
of the tongue, lips, velum or larynx, while the group with mild dysphagia had deficiency
either of the velum or of the glottic closure.

Quantity and consistency of food has the potential to worsen dysphagia as shown in a recent
paper by Taniguchi and co-workers [13]. The authors demonstrated that the main effect of
harder food consistency is a delay in oral ejection time, which markedly delays total
swallowing time. Conversely, pharyngeal bolus transit is dependent on food viscosity. That
is, the risk of failure during the pharyngeal phase of swallowing is often related to a weak
pushing-back movement of the tongue; increased food viscosity can delay the bolus
progression towards the oesophagus because the bolus adheres to the pharyngeal walls.

The role of MS related factors triggering and sustaining dysphagia has not been extensively
investigated. A combination of various factors, such as the involvement of the corticobulbar
tracts, cerebellar and brainstem dysfunctions, lower cranial nerve paresis, cognitive
impairment, overall disability, depressed mood and low vital capacity are believed to sustain
dysphagia in MS patients [12,14]. The use of some drugs, especially anticholinergic agents
to relief spasticity or modulate bladder problems (i.e., atropine, baclofen) has been reported
to impair swallowing functions, though no specific studies on MS exist.

Expert Opin Pharmacother. Author manuscript; available in PMC 2012 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bagnato et al.

Page 4

3.2 The development of compensatory mechanisms to overcome dysphagia

Currently, no drug therapies are available to treat the MS associated dysphagia. The only
available therapeutic approaches are those based upon rehabilitative and coping strategies to
reduce the fatal consequences of dysphagia. Different treatment strategies can be divided
according to their aims, which may be restorative, compensatory or adaptive. The aim of
therapeutic procedures, which consist of motor exercises and stimulations and can be
defined as restorative, is to optimize swallowing. On the other hand, compensatory
strategies, such as changes in food consistency, taste and temperature, or postural positions,
do not have a direct effect on swallowing, though they do improve oral feeding conditions,
thereby reducing the risk of aspiration. Adaptive equipment, such as feeding tubes,
percutaneous endoscopic gastrostomy (PEG) and their related electrical devices, may be
used to supplement oral intake by means of other nutritional methods in patients in whom
swallowing is considered to be unsafe. The choice of treatment needs to be based on the
degree of severity of the symptoms (Table 1 [15]). As of today, no pharmacological
treatments are available to treat dysphagia. Only a recent study reported the effectiveness of
botulinum toxin on dysphagia associated with upper sphincter hyperactivity in 14 MS
patients, which points to new possible strategies in this field [16]. In mild dysphagia, the
first step consists of informing the patient about the specific mechanisms and circumstances
of eating and the events associated with swallowing so that he/she can try to voluntary
control these actions. Patients are urged to focus their attention on modulation of cough,
improving swallowing, and on particular head and neck positions while eating and
swallowing (Figure 1). Before eating, patients must be correctly positioned. They should be
sitting upright, with a comfortable support for the forearms and feet flat on the ground. The
room where the meal is consumed must be quiet and well lit. The patient should eat slowly,
respecting each individual bite volume recommended, and not introduce a second bite until
the previous has been fully swallowed (beware of food residue in the mouth). The meal
should not, however, last more than 45 minutes as fatigue and distractibility increase the risk
of inhalation. During the meal, it is the caregiver's duty to ensure that the patient's level of
attention remains high and to suspend the meal at the first signs of fatigue. The patient
should not talk during the meal, watch television or be distracted in any way.

Work from our group [12] has demonstrated that compensatory strategies may develop and
resolve dysphagia in as many as 94% of 49 the patients. Those compensatory strategies
include changes in posture, in the amount and speed of food presentation and in food
consistency eliminated aspiration. It is also important noting that these compensatory
strategies help to redirect and improve the flow of food, thereby avoiding aspiration and
reducing the risk of pneumonia, but do not eliminate dysphagia permanently [17,18]. Direct
rehabilitation with the aid of sensorial tactile or thermal stimulation of the mouth and faucial
isthmus by speech therapists may increase the awareness of pharyngeal swallowing in the
patient [19,20,21].

In severe cases, the use of intermittent feeding via a temporary naso-gastric tube may be
useful to ensure an adequate calorie intake. If the dysphagia worsens and nutrition must be
administered exclusively via an enteral tube, the best choice is to perform a PEG, which
allows natural gastro-intestinal function and has a low complication rate [22]. The most
common complications associated with upper endoscopic procedures include
cardiopulmonary compromise, aspiration, haemorrhage and perforation. Mortality
attributable to upper endoscopy is exceedingly low (0.005-0.01%). Severe haemorrhage is a
rare complication of upper endoscopy (0.02% to 0.06% cases). Complications associated
with PEG use and wound care are peristomal pain, abscess and wound infections, PEG
dislodgement and site herniation, gastrointestinal bleeding and ulceration [23].
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4. RESPIRATORY IMPAIRMENT IN MS

The prevalence of respiratory disturbance has been estimated to be 64% [24], with results
ranging from 36% in ambulatory patients to 83% in non-ambulatory patients. A
multidisciplinary approach, together with a pneumological screening, should thus be
adopted in all phases of the disease. Generally, respiratory impairment is more common in
the advanced stage of MS although it may occur earlier, during acute relapses [25]. In
addition, alterations in expiratory muscle efficiency, ultimately impairing breathing and
coughing may be detected by instrumental evaluations even in the absence of clinical
symptoms [26]. Severity of MS, disease duration [27,28,29] and cerebellar impairment, as
identified clinically and quantified by the EDSS score [24], are the main factors associated
with the occurrence of respiratory deficit. Among all the respiratory problems, pneumonia is
the most frequent underlying cause of death in MS [30,31] and accounts for as many as 46%
of MS-related deaths [32]. There are two typical patterns of respiratory dysfunction
associated with MS. In the first pattern, acute respiratory failure develops as a consequence
of demyelinating lesions of the cervical spinal cord or the respiratory nuclei of the medulla
oblungata. In the second pattern, aspiration, pneumonia and respiratory failure may
gradually develop and worsen as MS progresses due to a number of factors such as, but not
only, spinal cord thoracic disease, long-standing wheelchair use, bed-confinement and
scarce matility in general.

No specific therapies are available to treat MS-related respiratory problems. Adequate
pulmonary management should support inspiratory and expiratory muscle function. Non-
invasive positive-pressure ventilation via a nasal mask is often effective for the support of
inspiratory muscle, though it may be contraindicated in some patients; other treatments
include theophylline in selected patients [33]. Recent studies suggest the importance of
training respiratory muscles for both strength and endurance in MS people [26,29,34].
However, up to now, it is recommended that on a patient-by-patient basis, the effectiveness
of specific treatments is evaluated by means of multidisciplinary team.

5. CARDIOVASCULAR DYSFUNCTION (CD) IN MS

5.1 Prevalence, symptoms and physiopathology of CD in MS

CD occurs rarely in patients with MS although its clinical manifestations may be dangerous
[35]. Proper differential diagnosis between MS-induced CD symptoms and CD disorders is
mandatory as not to initiate inappropriate treatment strategies. Nevertheless, disentangling
CD symptoms related to cardiovascular autonomic neuropathy in MS, induced by drugs or
due to primary heart disease may represent a critical challenge in neurological disease
management and mandates the involvement of a cardiologist, first.

Clinically relevant cardiovascular events seem to be more likely to occur in MS patients
with more severe clinical disability [36] and/or during acute relapses [37]. However,
abnormal responses to cardiovascular reflex tests may be virtually found at any stage of the
disease [38,39]. A large inter-study variability is reported on the co-morbidity MS-CD,
depending upon the type of CD and the autonomic reflex tests used to detect CD. Orthostatic
dizziness (OD) has been reported in variable percentage of both relapsing remitting (RR)
and SPMS patients ranging from 24% to up to 50% [40,41,42]. Conversely, postural
orthostatic tachycardia syndrome (POTS) has been rarely described [43], and even more so
prior to the diagnosis of MS [43,44]. CD due to reduced left ventricular ejection fraction and
cardiac heart failure may also occur in approximately 12% and 0.4% of patients,
respectively, whose MS is managed with mitoxantrone [45]. Hence, it is recommended that
in these patients cardiac function is monitored monthly during therapy and yearly upon
therapy discontinuation by means of electrocardiogram, echocardiograph or multiple gated
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acquisitions [45]. Treatment with glatiramer acetate — a first line agent for RRMS patients —
may also be associated to transient post-injection dyspnea, palpitation and chest pain not
related to myocardial ischemia [46].

Fatigue, palpitations (when moving to upright posture) and OD are the most common
clinical findings in MS patients affected by CD [36,39]. Syncope or near syncope is
generally uncommon in MS although orthostatic intolerance, possibly leading to syncope,
has been reported in nearly half of studied MS patients [35,37,39,40,42,47]. Such high
incidence of syncope reported in a few studies might be due to the small group of selected
patients [43] in whom either an absolute heart rate (HR) =120 beats per minute (bpm) or an
increase by >30 bpm and concomitant fall of blood pressure (BP) within the first 10 minutes
of an upright tilt test were seen. This hemodynamic postural response led to the diagnosis of
POTS by the authors.

In patients with MS, CD is thought to be related to impairment of the reflex pathways in the
brainstem [48] with involvement of the central-autonomic connections [38]. Both
sympathetic and parasympathetic branches of the autonomic nervous system may be
involved. While impaired sympathetic functions are seen mainly in clinically active patients,
cardiovagal parasympathetic impairment tends to appear during remitting phases of the
disease [49]. Similarly, catecholamine levels tend to reduce in RRMS and to increase in
chronic progressive MS [49]. These findings yield the hypothesis that while parasympathetic
dysfunction may only be a sequel of the disease, sympathetic dysfunction may function as
trigger of new relapses [49].

In line with the hypothesis of a reduced parasympathetic vagal neuroregulation directed to
the heart in clinically stable patients, previous work from our group [38] has shown that, at
rest, MS patients have decreased spectrum total power, very low frequency and low
frequency oscillatory components as compared to healthy controls. For a better appreciation
of these findings, we report in Figure 3 patterns of the above parameters in a healthy subject
as an example. However, reciprocal variations from rest to standing of low frequency
increase and high frequency reduction, were similar in the two populations. Additionally, the
cross-spectrum and coherence analyses of respirogram and tachogram showed that the low
frequency power of each subject, both in the resting and standing positions, was not
influenced by respiration.

5.2 MRI correlates of CD in MS

It remains uncertain whether CD is consequence of MS plaques strategically located in the
brainstem, spinal cord, hypothalamus and cerebral cortex, or is rather either an
epiphenomenon or an incidental co-morbidity. To this end, results of imaging studies
investigating the relations between white matter lesion volume (WM-LV) in T2-weighted
(T2-w) images by MRI and CD are controversial. While some early studies relying upon
chronic lesion counting in relatively small number of patients have denied such an
association [38,40], larger studies utilizing automated procedures for measuring WM-LV,
have disclosed an association between total intracranial WM-LV and CD [39], decreased
diastolic BP, midbrain WM-LV and decreased BP responses immediately, at 2 and at 7
minutes after tilting, parietal WM-LV and decreased BP responses at 2 minutes after tilting
[50]. Therefore, one cannot exclude the hypothesis that a centrally-mediated mechanism
may be partially responsible for inducing damage in several critical pathways of autonomic
nervous system, in their turn causing CD in MS patients.
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5.C Pharmacological and non-pharmacological therapies to overcome CD in MS

The therapeutical management of orthostatic hypotension and orthostatic intolerance
syndromes as POTS in patients with MS is similar to that of non-MS patients. The good
clinical practice relies upon the recent European Society of Cardiology Guidelines for the
diagnosis and management of syncope [51]. First line intervention is patient education about
the nature of the CD in conjunction with lifestyle modifications, which can improve
orthostatic symptoms. Raising the standing BP just enough to be within the autoregulatory
zone can make a substantial functional difference. Expansion of extracellular volume is also
an important goal. Gravitational venous pooling can be treated with abdominal binders or
compression stockings. Counter-pressure maneuvers such as leg crossing and squatting
should be encouraged in patients with warning symptoms able to perform them [51]
Peripheral alphal (al) adrenal-receptor agonists that induce venous and arterial
vasoconstriction, such as midodrine hydrochloride, are useful additions to the first-line
treatment in patients with chronic orthostatic intolerance [52]. Midodrine has been shown to
be effective in increasing BP in both supine and upright posture. Adverse effects include
paresthesia and itching (probably secondary to piloerection). This drug is not recommended
for patients with disease of coronary or peripheral arteries [53].

Fludrocortisone, inducing renal sodium retention and fluid volume expansion, is presently
recommended only in selected patients and is effective only if sodium intake is adequate
[54]. This drug may also improve the peripheral vasoconstrictor response to sympathetic
stimulation. Supine hypertension, heart failure and hypokalemia may occur [55]. Caffeine
and nonsteroidal antiinflammatory drugs (NSAID) such as ibuprofen or indomethacin, may
also be suggested. NSAIDs may inhibit prostaglandin-induced vasodilation, increasing
peripheral vascular resistance [56]. However, NSAIDs may cause unwanted vasopressor
reactions with concurrent use of sympathomimetic drugs. Propranolol may enhance the
beneficial effects of volume expansion. p-Blockade leads to unopposed a-adrenergic
peripheral vascular vasoconstriction, preventing the inappropiate orthostatic vasodilation
[57]. In patients with orthostatic intolerance and reflex syncope paroxetine was shown to be
effective in one placebo-controlled trial, which included highly symptomatic patients [58].
Paroxetine may reduce anxiety, which precipitates CD, hence its use is properly indicated
only in patients with co-morbidity reflex syncope/psychiatric disease. No specific clinical
trials have been conducted and specific evidence reported in MS patients on this topic and
physicians dealing with this problem in MS need to refer to general practice in cardiology.

6. SEXUAL DYSFUNCTION (SD) IN MS

6.1 Prevalence, symptoms and putative physiopathology of SD in MS

SD is a common but often undiagnosed feature of MS. Reported rates range from 50% to
84% in men and from 45% to 85% in women [59,60,61]. SD occur significantly more
frequently in MS patients than in patients with other chronic diseases or healthy subjects
[62]. SD in MS is associated with a marked reduction in the QoL, also among patients with
otherwise low disability, and it may compromise fertility [61,63]. The nature of SD in MS
patients is complex and multifactorial, and a multidisciplinary approach to diagnosis is
required.

SD can arise at any stage of the disease. By the time of the disease diagnosis, a variable
proportion of 10% to 34.9% of the newly diagnosed women may report SD [62,64,65].
Between 2 to 5 years after diagnosis [66], 50% of the men and 14% of the women may
report dissatisfaction with their sexual functioning. However, the risk of developing SD and
the extent or number of SD associated symptoms increase significantly as function of time
[59]. The increased risk is independent from sex and from any other disease variables such
as disease duration, age at disease onset and disability [67].
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A conceptual model [65,68] includes a primary, secondary and tertiary component. Primary
SD refers to MS-related neurological changes that may directly impair libido, sexual
response and orgasm. These changes are determined by a direct damage to the nervous
system pathways and genitals. The most frequent symptoms are loss or decreased sexual
desire, reduced vaginal lubrication, erectile dysfunction (ED), ejaculatory dysfunction,
altered genital sensation, hyporgasmia. Secondary SD encompasses symptoms related to the
physical disability of MS, such as fatigue, spasticity, spasms, physical limitations, poor
coordination, tremors, burning sensations, cognitive changes, bladder and bowel
dysfunction, side effects of MS medications. To this end, one should bear in mind that while
several studies have reported a significant relation between MS induced physical disability
and SD [60,63,69,70], others failed in demonstrating such an association [64,71,72]. Fatigue
[73,74], pyramidal signs in the lower limbs [74], weakness of pelvic floor [69], age at onset
of symptoms and PP disease [75] were all reported to be positively related to SD. Studies
have shown an association also between SD and MS-induced bladder dysfunction
[59,64,74,75,76,77]. However urodynamic studies in MS patients, although rarely
performed, found no correlation with objective urometric parameters [68,75].

Tertiary SD results from psychological, emotional, social and cultural aspects. This includes
depression, anxiety, low self-esteem and distorted body image, anger, fear of rejection and
feeling or fear of abandonment. To this end, significant associations were seen between SD
and depression [75,76,77], low educational level, physical disorders, cognitive symptoms
[75]. A recent study from our group involving 122 consecutive fully ambulatory MS patients
[77], reported a sex-specific correlation between SD and emotional disability. Specifically,
in women depression was associated with reduction in orgasm, satisfaction and sexual
desire. Conversely in men reduced orgasm and sexual desire were respectively associated
with high post-void residual volume and slow urinary flow rate.

6.3 MRI correlates of SD in MS

Few studies have examined brain MRI in relation to SD in MS patients. An association was
seen between SD and WM-LV in T2-w images. With respect to specific lesion topography,
prominent areas appeared to be the brainstem and pyramidal tracts [71,76]. Pontine atrophy
and ventricular enlargement have also been associated with impaired QoL with respect to
SD in MS [71]. The importance of atrophy over WM focal lesions in determining SD has
also been reported by Zivadinov and co-workers. The authors found a significant association
between pontine volume loss and ED in men or decreased vaginal lubrication in women
[70]. The data strengthen the concept of a crucial role of the brainstem in the regulation of
sexual functioning. However, the limited number of these studies in MS, the different
utilised methodologies and the lack of spinal MRI investigations, make the correlation
between MRI findings in MS patients and SD still inconclusive.

6.4 Pharmacological and non-pharmacological therapies to overcome SD in MS

Given the multifactorial nature of SD, a holistic approach is required for successful
assessment and treatment. All the patients should be queried about sexual problems by an
open communication, should be informed about the expected impact of the disease on their
sexual function, and should be made aware of the available therapeutic options. A
psychosexual counselling, including the participation of the partner is mostly recommended.
Medications possibly impairing libido and erectile function, such as antidepressants and
muscle-relaxants, ought to be discontinued.

Pharmacological treatment in men is mainly addressed to ED. Oral phosphodiesterase-5
(PDE-5) inhibitors, such as sildenafil, tadalafil, or vardenafil, are currently first-line
treatments [78]. Sildenafil is generally safe and may improve ED in men with MS to a
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variable extent [79,80]. Tadalafil, a long-acting PDES5 inhibitor, has also been proven to be
safe and effective for males with MS suffering from ED [81]. In the general population most
commonly reported adverse events with PDES5 inhibitors are usually transient and dose-
related. Those include headeache, flushing, rhinitis and dyspepsia [78]. The incidence of
serious cardiovascular events results higher in patients treated with Sildenafil (0,5%), then in
Tadalafil (0,3%) Vardenafil or placebo (0,2%) recipients [78]. In refractory cased to oral
agents, intracavernosal self-injections of vasoactive drugs are an effective option, the
commonest of which is Prostaglandin E1; this treatment modality may be complicated in
patients with advanced disability. Vacuum erection device is a non-invasive treatment,
effective in neurogenic ED [82], Nevertheless premature loss of rigidity during intercourse
is commonly reported.

As of today there are no specific treatments proven to be effective for female SD in MS.
Topical estrogens creams may improve vaginal dryness, burning and dyspareunia. Although
sildenafil treatment showed some benefits in post-menopausal and younger women with SD
[83,84,85], in MS patients was not associated to significant improvement in lubrication,
sensation or orgasm compared with placebo [83].

7.1 Prevalence, symptoms and physiopathology of pain in MS

Pain is a frequent complaint of patients with MS. At any stage of the disease, as many as
30% to 85% MS patients may suffer from pain as chronic or acute symptom. The variable
incidence of pain depends upon the definition of specific pain conditions and the different
modalities of data collection [4,86,87,88,89]. Pain significantly interferes with the patients’
daily activities and has a dramatic impact on their QoL [90,91(77)]. Various types of pain
occur in MS, and frequently multiple pain problems may co-exist in the same patient. Those
include: (1) dysesthetic extremity pain, (2) Lhermitte's sign, (3) pain associated with optic
neuritis and trigeminal neuralgia, (4) pain associated with immunomodulatory treatment, (5)
painful tonic spasms, (6) back pain, and (7) headache [4,92,93,94,95,96]. Dysesthetic
extremity pain, Lhermitte’s sign and trigeminal neuralgia fulfil the definition of continuous
or intermittent central neuropathic pain, and should be classified as MS-related pain since
typically following the formation of demyelinating lesions in specific brain areas. Painful
tonic spasms, low back pain, and muscle spasms are classified as musculoskeletal pain, and
are generally the result of spasticity and/or altered postures. Headache conditions are
classified as mixed neuropathic and non-neuropathic pain, and may be MS-independent or
treatment-related pain disturbances [87].

While dysesthetic pain, trigeminal neuralgia and painful tonic spasms may present with
features typical of the classical MS demyelinating plaques, all the other pain conditions may
present with similar features between MS and other neurological conditions. Therefore, for
the purpose of the present review, we will focus only on dysesthetic pain, trigeminal
neuralgia and painful tonic spasms.

Dysesthetic extremity pain is the most frequent pain condition in MS patients, occurring in
approximately 23% of the patients at least once during the disease lifespan [89,93,95]. Itis a
continuous, bilateral and burning pain, usually worsening at night. In our limited experience,
patients with dysesthetic extremity pain worsening at night may benefit of dopaminergic
drugs such as those administered for the treatment of restless legs syndrome (Centonze D,
preliminary results). This observation raises the question of a possible pathophysiological
overlap between dysesthetic extremity pain and restless legs syndrome in MS patients.
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The prevalence of trigeminal neuralgia in MS patients is estimated to be 20 times greater
than in general population [97], and is classically associated with demyelinating plaques
located in the brainstem [98]. Trigeminal neuralgia can affect one or both fifth cranial nerve
at the same time and can be the presenting symptom in 10-15% of the MS cases [96,97,98].
Although MS-associated trigeminal neuralgia may be in some cases indistinguishable from
the idiopathic form, few characteristics may help clinicians in discriminating the two types.
In MS, trigeminal neuralgia has the tendency to appear in very young people, can be
bilateral and has often a longer duration of pain attacks. Furthermore, MS patients are less
likely to have the concomitant involvement of ophthalmic nerve [98].

Painful tonic spasms are the third most frequent type of pain associated with MS [99,100].
Lesions associated with painful tonic spasms were seen in the basal ganglia, in the internal
capsula, medulla oblongata and the cerebral peduncle [101]. However, it is commonly
accepted that painful tonic spasms follows an ephaptic spread of discharges as one can see in
demyelinated axons such as those of MS patients [100,101].

7.2 Pharmacological and non-pharmacological therapies to combat MS-related pain

Previous authors have been extensively reviewed the topic of pharmacological strategies to
defeat pain in MS [86,87,102]. As seen for non-MS related pain, in the daily clinical
practice, treatment of MS pain syndromes remains largely empirical and symptomatic, and
relies upon the use of older and newer antidepressants and anticonvulsants, alone or in
various combinations. In fact, only few systematic clinical studies have been performed to
evaluate the efficacy of different drugs to defeat pain in MS (Table 2). With some
exceptions [102,103,104], the majority of these studies suffer the limitation of not being
randomized, double-blind, placebo-controlled clinical studies. Furthermore, different pain
syndromes tend to be not differentiated enough by the treating physicians, resulting into
largely unsatisfactory pharmacological approaches to pain.

In our group, on the notion that levetiracetam has analgesic properties in both animals and
humans [105,106,107,108,109,110], we investigated the effect of levetiracetam in reducing
central neuropathic pain in MS patients in patients with intolerance to conventional
medications (i.e., gabapentin, carbamazepine, pregabalin, amitriptyline, duloxetine,
baclofen) or non-responder to them [111]. Levetiracetam was well tolerated, significantly
reduced the pain intensity score (Figure 4A) and maintained a higher proportion of patients
(Figure 4B) with significant pain reduction than placebo. Quality of life rating improved in
treated patients (Figure 4C), as a function of pain reduction (Figure 4D). Pain tended to be
more markedly decreased in patients suffering for higher pre-therapy level of pain.

Conversely, we failed in demonstrating the analgesic properties of a cannabis-based
pharmaceutical preparation containing delta9-tetrahydrocannabinol and cannabidiol,
approved in some countries as a second-line therapy in the treatment of chronic neuropathic
pain in MS. Different patient inclusion criteria and the small number of patients in our study
might contribute to explain the discrepancy between our results and those of others [112 and
references therein].

Alternative to pharmacological strategies, non-invasive brain stimulation techniques such as
anodal transcranial direct current stimulation (tDCS) and repetitive transcranial magnetic
stimulation (rTMS) can be considered for the treatment of pain. tDCS applied over the
sensory-motor cortex decreases pain sensation and increase pain threshold in healthy
subjects, and repeated sessions of anodal tDCS may ease pain in patients with several non-
MS conditions [113,114,115,116,117]. A double blind, randomized, placebo controlled
study, addressing the effects of daily sessions of anodal tDCS repeated for five consecutive
days was performed with 16 MS patients with central neuropathic pain in our group. We
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showed that tDCS may relieve pain sensation in MS patients [118]. In contrast, we did not
observe analgesic effects of rTMS in MS patients (Mori F and Centonze D, unpublished
observations). It is likely that tDCS and rTMS have slightly different neuromodulatory
properties, tDCS being preferable to treat pain of MS patients. Conversely, rTMS is
beneficial effect in reducing spasticity in MS patients [119,120], suggesting that rTMS
might be useful to treat painful spasms associated with spasticity in MS.

9. FUTURE PERSPECTIVE

Future research should have several aims.

First effort should be devoted to improve the diagnostic algorithm and to standardize
diagnostic tests to disclose pain, dysphagia, respiratory problems, sexual and cardiovascular
dysfunctions and pain in MS. Second, clinical scientists should endeavour to design clinical
scales accurately heightening the impact that dysphagia, respiratory disturbances, SD and
CD may have in the daily life and overall disability level of MS patients. Third, the use of
non-conventional MRI techniques nowadays exploited for understanding the basis of other
components of the MS disability should be applied towards a better understanding of pain,
dysphagia, respiratory disturbances, SD and CD imaging correlates. Fourth, large
randomized double blind placebo controlled or active comparators clinical trials are needed
in order to test the effect of new drugs or rehabilitative strategies to prevent the occurrence
of the symptoms in MS patients or modulate their severity. Last, effort should be devoted to
render currently available treatment modalities more effective and tolerable.

10. EXPERT OPINION

Pain, dysphagia, respiratory problems, sexual and cardiovascular dysfunctions may
significantly affect patients with MS, even in the early stage of the disease. The role of these
symptoms in the context of MS, as primary disease sign or as a side effect of currently
employed medications, remains unknown.

Pain, dysphagia, respiratory problems, sexual and cardiovascular dysfunctions do
significantly impact patient daily life and may be a major source of disability. Hence, the
assessment of these symptoms should be performed as early as possible after the diagnosis
of MS and even in the absence of clinically evident problems.

Because of the insidious and often times delicate nature of pain, dysphagia, respiratory
problems, sexual and cardiovascular dysfunctions, they may be often neglected by
physicians and rarely reported by patients. Hence, it is extremely important that neurologists
are fully aware of the entity and the complexity of dysphagia, respiratory problems CD, SD,
pain in MS and sufficiently trained to discuss and manage those problems with their
patients. Up to now, there is limited knowledge about these clinical problems and possible
strategies to overcome them. High level studies to symptomatic MS therapy are rare and
recommendations often refer to effects of treatment in other neurological diseases.

It remains mandatory that once diagnosed, a multidisciplinary approach is undertaken to
promptly set up symptomatic therapies aimed to at least an improvement in patient QoL.

10.1 HIGHLIGHTS

Physicians, neurologists specifically, need to be aware of pain, dysphagia, respiratory
problems, sexual and cardiovascular dysfunctions and ask about them because patients are
often not forthcoming. However, if these symptoms are unrecognized can lead to many
serious problems.
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These symptoms need to be evaluated at any and every stage of the disease. On the basis of
their degree of severity, planning and performing specific individualized approaches is
required by a multidisciplinary team.

Their evalutation of SD in MS patients requires insight into neurological, physical,

pS

ychological and social aspects. A holistic and multidisciplinary approach is required for

their successful management of SD.

For each of these symptoms, non-specific therapies are available and often. tend to be
refractory to conventional treatments in MS.
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FIGURE 1.

Head and neck position which can help ensure safe swallowing and protect airways from
inhalation of food. The figure shows that a forward flexed position of the head is the best
way to protect the airways, while the tongue pushes the food during the pharyngeal phase of
swallowing.
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FIGURE 2.

Spectral Analysis of beat-to-beat heart rate oscillations, adapted from [38].

Figure 2A and 2B. Example of a normal subject at rest and after orthostatic activation
induced by passive tilting. The very low frequency, low frequency (parasympathetic +
sympathetic) and high frequency (parasympathetic) components are indicated.

Figure 2C and 2D. The respiratory signal (respirogram) of the same subject at rest and after
orthostatic activation. The main respiratory frequency is always synchronous with the high
frequency component.

Figure 2E and 2F. The coherence function resulting from the cross-spectral analysis of
tachogram and respirogram. As one can see, the main respiratory frequency shows a high
coherence with the high frequency. The coherence in the low frequency band is very low.
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FIGURE 3.

Effects of levetiracetam in MS chronic neuropathic pain, adapted from [111].

Figure 3A. Over a 3-month trial with 4 monthly measurements (i.e., TO or baseline, T1, T2
and T3) levetiracetam (LEV, closed black circles) significantly reduced (p<0.05 at T2 and
T3 vs TO value, by ANOVA and follow-up t-test) the mean intensity pain at the VAS (100
mm visual analog scale for pain, ranging from “no pain” to “worst possible pain”) compared
to placebo (closed white circles).

Figure 3B. The percent of responder patients, defined as patients with a clinically significant
reduction of VAS score by >20 mm vs baseline, was larger (p<0.05 at T2 and T3 vs placebo,
by ANOVA and follow-up t-test) in the levetiracetam-group (black columns) than in the
placebo one (white columns).

Figure 3C. At the end of the study period, treated patients (black columns) had better quality
of life (p<0.05 at T3 vs TO value, by ANOVA and follow-up t-test) as measured by the
MSQOL-54 scale, than non-treated ones (white columns).

Figure 3D. Correlation plot showing a significant association between pain reduction and
quality of live improvement at the end of three-month trial (r=0.78, p<0.01, by Spearman
correlation test).
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1

ASHA NOMS SWALLOWING SCALE (O’ Neil) AND RELATED STRATEGIES TO MANAGE
DYSPHAGIA [15].

Degree 0: Oral feeding — Normal Diet
Level 7 | Normal Normal Diet Normal swallowing function, safe and efficient for all
consistencies. The patient is able to eat independently. No
strategies are effectively needed.

Level 6 | Functionall y sufficient Some diet restriction, The patient eats and drinks independently as swallowing is safe.
compensatory and restorative May require minimal observation by therapist and/or care-givers,
strategies useful but can self-manage when difficulty occurs. May need to avoid

specific food items (such as food with solid and liquid
components mixed), or requires additional time due to dysphagia.
Degree 1: Oral feeding — Diet restrictions

Level 5 | Slight Dysphagia Some diet restriction, therapist’s | Swallowing is safe, some minimal diet restrictions may
observation useful, occasionally be required. Therapist’s supervision to use
compensatory and restorative compensatory strategies is also useful. All nutrition and hydration
strategies needed needs are met by mouth.

Level 4 | Medium- slight dysphagia | Diet restriction, therapist’s Swallowing is possible, but usually requires compensatory
observation needed, strategies, and/or the patient has moderate diet restrictions and/or
compensatory and restorative still requires tube feedings and/or oral supplements.
strategies needed

Level 3 | Moderate dysphagia Diet restriction, therapist’s Oral intakes provide less than 50% of nutrition and hydration by
observation needed, mouth, and/or swallowing is safe with use of compensatory
compensatory, adaptive, and strategies and/or requires maximum diet restrictions. Alternative
restorative strategies needed method of feeding is also required

Degree 2 No oral feeding — Minimal or no oral intake

Level 2 | Quite severe dysphagia Heavy Diet restriction, therapist Swallowing is not reliable, the patient may take some selected
needed, compensatory adaptive, foods only under supervision of the therapist. Alternative method
and restorative strategies needed | of feeding is required.

Level 1 | Severe dysphagia No oral feeding, adaptive Food can’t be swallowed safely by mouth. All nutrition and
strategies needed hydration is provided through other ways, such as nasogastric

tube, PEG.
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TABLE 2
DRUGS TESTED TO CONTROL MS-INDUCED PAIN

Study Number of patients | Drug Efficacy Comments

Centonze et al (2009) [98] 20 Sativex Not proven | N/A

Chitsaz et al (2009) [121] 27 Nortriptyline Proven Average dose 50 mg

Solaro et al (2009) [122] 16 Pregabalin Proven Effective only on painful paroxysmal symptoms
Rossi et al (2009) [97] 20 Levetiracetam | Proven N/A

Breuer et al (2007) [90] 12 Lamotrigine Not proven | N/A

Rog et al (2007) [89] 66 Sativex Proven Effective only on dysesthetic painful spasms

Sativex: Oromucosal delta9-tetrahydrocannabinol/cannabidiol.

N/A=not applicable
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