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1. Abbrevations

- MS = Multiple Sclerosis

- MRI = Magnetic Resonance Imaging

- GABA = gamma aminobutyric acid

- FDA = Food and Drug Administration

- THC = Tetrahydrocannabinol

- CBD = Cannabidiol

- EQVAS = Experience-based health state evaluation score

- NRS score = numeric rating scale

2. Summary

Multiple Sclerosis is a chronic auto inflammatory disease of the central nervous system. The
disease has a wide range of symptoms depending on the area affected in the brain.(11)
Spasticity is one of the most prevalent symptoms in patients with MS. There are certain
problems that arise in the treatment of spasticity. Many patients experience severe side effects
because of multimedication and treatment resistant spasticity appears to be a huge problem in
patients.(1)(11)(48) With a new syndrome called Spasticity plus syndrome, problems like
multimedication, severe side effects and other arising problems could be cured. A few
pharmacological treatment options are available, including the typical antispastic agents
tizanidine, baclofen, and diazepam. The off-label use of Gabapentin. Furthermore, botulinum
toxin injection is a newer treatment option. Cannabinoid oral mucosal spray is used as add on

therapy for spasticity in MS which is becoming more popular. (54)

This systematic review aims to evaluate the efficacy and safety of different medical treatment
options of spasticity in Multiple Sclerosis. Is the current available medical treatment of
spasticity effective and safe for patients with MS and are there any new medical options for
the future? After analyzing various articles and clinical trials, inconsistent effectiveness of
different medical treatment options was seen. All medications like baclofen, tizanidine or oral

mucosal cannabinoid spray had a positive effect on spasticity symptoms. Overall, the medical



treatment for spasticity in MS is showing good results. But additional the burden of side

effects is huge.

3.Introduction

Multiple Sclerosis is a chronic inflammatory autoimmune disease of the Central nervous
System. Worldwide more than 2.5 million people are affected by the disease. The clinical
picture has a wide range depending on the areas affected in the brain. The disease is
characterized by a delay of nerve conduction due to demyelination of nerve fibers and
neuronal damage. The causes of the disease are multifactorial and lead to neurodegeneration

of the Central nervous system.

Spasticity is one of the most common symptoms and affects about seventy eight percent of
patients with Multiple Sclerosis. (11) Spasticity is referred to muscle stiffness or tightness
and defined as a velocity-dependent increase in muscle tone. The quality of life of patients
with spasticity symptoms in Multiple Sclerosis is diminished and daily life activities are
severely affected. The treatment of spasticity in Multiple Sclerosis is symptomatic and has a
wide range of options. Multimedication because of a wide range of symptoms at the same
time lead to severe side effects, drug interactions or worsening symptoms. Treatment resistant
spasticity symptom is another arising problem for patients and physicians. (1)(11)(48) The
newest study results have shown positive effects in the treatment of spasticity symptoms with
oromucosal cannabinoid spray. Furthermore, the improvement of other symptoms of Multiple
Sclerosis by oral mucosal cannabinoid spray were seen as well. That fact gave rise to the
hypothesis of a new approach for the symptomatic treatment of Multiple Sclerosis and
especially spasticity symptom. A broader concept is introduced called Spasticity Plus
Syndrome. This broad concept would make it possible to manage a cluster of symptoms at
the same time with only one drug, because they arise from the same pathophysiological
process. This narrative review addresses newly arising information and study results in the
treatment of spasticity in Multiple Sclerosis and its management. (1)(3)(39)(40)(49)(50)

4. Literature search strategy

This article is a narrative review. All articles with related topics were collected and screened.

PRISMA, preferred items for systematic reviews and meta-analysis were used to report the



results of this literature review. The databases used for the search included Google Scholar,
PubMed, Medline, Sage Journals and Cochrane data Base. The following keywords and
search phrases were used: “’Spasticity in MS’’, ’MS treatment’’’, *’Spasticity treatment’’,
’Spasticity plus Syndrome’”’, “’spasticity cannabinoid treatment’’.All articles were screened

with a standardized collection tool before inclusion.
4.1 Inclusion and Exclusion criteria

The exclusion criteria were Comments, letters, conference abstracts or posters, Studies
including children (<18years of age), Studies not available in full text, Studies reporting
about Phase 1 or 2 Phase trials drugs.

Study selection

To exclude eligible articles from the screening, all articles were reviewed. To avoid the risk
of bias across studies or within one study, the design of the study as well as the methodology

and selection of participants was evaluated.
4.2 Results

With the keywords mentioned above 139.282 articles were identified after searching the
named databases. (127.000 google scholar, 9080 pubmed, 32 medline, 2872 sage journals,
289 cochrane database) After exclusion criteria like not full text available, comments, letters
and others mentioned above, 26.080 articles remained. (google scholar 17.600, pubmed 8000,
sage journals 372, cochrane database 108) The article selection is shown in the PRISMA

chart.

Prisma Chart Table

Identification

Identified records through

Databases

(n=139282) Google scholar (n=127 000)
Pubmed (n=9080)
Sage journals (n=2872)
Medline (n=32)
Cochrane (n=289)

Screening



Screened articles
(n=26.080)

Google scholar (n=17.600)
Pubmed (n=8000)

Sage journals (n=372)
Cochrane database (n=108)

Exclusion criteria

Inclusion criteria

Eligibility + Included

Full text articles screened
(n=57)

4.3 Quality Assessment

With the studies used for this review, there might be a risk of bias. Most of the studies used
questionnaires to evaluate the quality of life and severity of spasticity. With this fact the risk
of response bias is very high. Selection bias is also a risk, because selection of treatment
groups is not randomized, if supervisors can decide which patient group receives which
treatment. Furthermore, reporting bias in studies, where the outcome only mentions the
significant results, but not the less significant results of the study. Comparability can also be
limited, when evaluating the different types of assessment tools that are used to evaluate the
results of the studies. For most of the studies included, standardized assessment scales were
used, like the Modified Ashworth scale. And the participants included in the study had a wide
range of Multiple Sclerosis types included into the studies, as well as wide range of age
groups and no standardized treatment plan before being part in the study. Another fact is that
some studies do not include a control group. When interpreting the results of this narrative

review, the mentioned limiting factors should be considered.

5. Clinical presentation of Multiple Sclerosis

Multiple Sclerosis is also known as disseminated encephalomyelitis, which is a chronic
inflammatory autoimmune disease of the Central nervous System. (1) The term multiple
sclerosis originates from the Latin word “’multiple’’, which signifies ‘’numerous’’ and the
Greek word “’skleros’’meaning “’hard’’. Worldwide there are approximately 2,5 million

people affected, meaning MS is the most prevalent chronic inflammatory autoimmune



disease of the Central nervous System. (51)(53) The complex genetic profile of a first-degree
relativ of a person affected by Multiple Sclerosis faces a 20 to 40 times higher risk
developing this condition. The disease Multiple Sclerosis arises from various factors
including genetics, environmental and immune system. But the exact cause remains elusive
and a complex interplay of various factors leads to the onset of the disease. As already
mentioned, there is a genetic predisposition to develop Multiple Sclerosis, but until now no
gene has been identified to be the primary cause. Certain environmental factors including low
Vitamin D levels , smoking, viral infections with Eppstein-Barr Virus seem to trigger the
development of the disease.(11)(16)(31) It is hypothised that in individuals with a genetic
predisposition environmental factors, mentioned above provoke a dysregulation of the
immune system, especially the T-cells, which may target the myelin sheet and lead to the
typical lesions in Multiple Sclerosis. The disease has a wide variety of symptoms depending
on the location of the lesion. There are no specific symptoms for the disease. Often visual
disturbances resulting from optic nerv neuritis are symptoms of an initial manifestation. A
typical sign of Multiple Sclerosis is weakness of muscles or paralysis , which results in
coordination, balance and walking difficulties.(54)(51) Tingling or numbness in any body
part, especially the limbs or other sensory changes are also common. Two thirds of Multiple
Sclerosis patients have bladder dysfunction or bowel dysfunction, which leads to
incontinence, diarrhea or obstipation. (51) Muscle stiffness and spasticity or chronic pain,
which is sharp and stabbing, is another common symptom of Multiple Sclerosis and affects
the daily life of these patients. (54) Cognitive and emotional changes , like mood swings,
depression, anxiety, concentration and memory impairment or speech and swallowing
difficulties are other symptoms of Multiple Sclerosis. Overall, it is important to mention that
symptoms vary in severity, combination and duration. Not all individuals will develop all
symptoms and symptoms can fluctuate. (2)(11)(16)(31)(32)(51)

5.1 Mechanism and Pathology

The pathology of Multiple Sclerosis is a combination of various factors including
inflammation, demyelination, remyelination, neurodegeneration and gliotic scarring. (54)
Severity and distribution through the Central nervous system vary among individuals, which

leads to a wide variety of clinical manifestations. (51)

T and B-cells infiltrate the Central nervous System and activate macrophages and other

inflammatory mediators leading to inflammation. Demyelination is a hallmark feature of



Multiple sclerosis, which is the loss of the protective myelin sheet of nerve fibers.
Demyelination leads to an interrupted conduction of nerve impulses. Remyelination by
oligodendrocytes happens as a response to demyelination with the goal of repairing nerve
function, but this process is only partially effective. (51) Over time the processes of
inflammation and demyelination lead to neurodegeneration, meaning more and more
neurological deficits appear in response to ongoing damage of myelin sheets and nerve fibers.
As a response to tissue damage in the Central nervous System reactive gliosis takes place.
The gliosis process involves proliferation and activation of glial cells, especially astrocytes
forming scar tissue. (11)(16)(32)(51)

5.2Diagnosis

The diagnosis of Multiple sclerosis is a diagnosis of exclusion and very complex involving
several steps. The initial suspicion is based on a thorough clinical evaluation including the
patients' medical history and family history, as well as a neurological examination. The Mc
Donald criteria are used to determine the diagnosis of Multiple Sclerosis, which is shown in
the table below. (51)

2017 revised McDonald criteria
MS: diagnosis
Attacks Clinical Additional data needed?
(=DIT) signs (=DIS) B oL
MS diagnosis is based on
>2 demonstrating dissemination
of demyelinating lesions
1 3:;::’:':':‘:;:m Dissemination in space (DIS):
! To different regions of the brain
P Dissemination in time (DIT):
>2 evol;.ltion oron MRI At multiple moments in time

(or oligoclonal bands)

X DIS and DIT How do you define DIT
oo ot €01 and DIS on MRI?

(@theneuroradguy

Picture 1: Mc Donald criteria ( FgjNNPdX0AA3qXk.png:large)

The Mc Donald criteria are updated by the International Panel on Diagnosis of Multiple
Sclerosis. These criteria include the presence of certain clinical symptoms and certain

laboratory findings and Magnetic Resonance Imaging results.(51)

The diagnosis of Multiple sclerosis remains mainly clinical. Good competence of the

neurologist is needed to exclude other neurological conditions and show dissemination in
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time and space. (54) On Magnetic Resonance Imaging (MRI) multilocular lesions in gray and
white matter can be seen. These lesions are mostly located supra- or infratentorially,
juxtacortically or periventricular. With cerebrospinal fluid analysis potential differential
diagnoses can be ruled out and furthermore have a high prognostic value. (51) Multiple
Sclerosis is a disease with an unpredictable and individual course of the disease. Age of
onset, type of MS, initial symtpoms and response to treatment play a role when estimating the
course of the disease. In general, it is said that the life expectancy for a person with Multiple
Sclerosis may be reduced by 6-7 years, but it varies due to comorbidities and other things.
(1)(2) (11)(16) (31)(32)(48)(51)

6.Spasticity in MS

Spasticity is one of the most common symptoms in Multiple Sclerosis. Different studies have
shown that spasticity belongs to the most often appearing and most disabling symptoms in
Multiple Sclerosis.(16)(20) It affects about 78% of patients with Multiple Sclerosis. Itis a
sign of the upper motor neuron syndrome which results from lesions in the brain or spinal
cord. Typically, it leads to a velocity-dependent increase in muscle tone and therefore is
referred to as muscle tightness or stiffness. (1)(20)(21) It can affect all four limbs of the body,
but the impact on lower limbs of spasticity is much higher. (2) Spasticity severely impacts the
daily life of patients with Multiple Sclerosis. Especially the mobility, walking and balance are
affected, when lower limbs of the patients are affected by spasticity symptoms. There is a
strong correlation between walking ability and spasticity severity, which is highlighted in the
table below. (3)

Walking ability

B Mild spasticity (n = 797)
B Moderate spasticity (n = 229)
35 M Severe spasticity (n = 297)

No Walk Walk 100 m Walk50m Walk <5m Wheelchair
disability  300-500 m with help with help bound

Picture 2 : Walking ability (Oreja-Guevara C, Gonzélez-Segura D, Vila C: Spasticity in multiple sclerosis:
results of a Spanish patient survey. Int J Neurosci 2012;123:400-408.)

The table clearly shows that patients with severe spasticity are mainly wheelchair users,

compared to patients with mild spasticity showing no disabilities or mild decrease in walking



distance. (3) Spasticity may also predict future falls. In a pilot investigation with 39
participants the correlation between lower limb spasticity and falls in individuals with
Multiple Sclerosis was evaluated. One part of the participants were fallers, and the other part
were non-fallers. Correlation coefficients between the number of falls and spasticity scores
showed moderate association. P-values smaller than 0.05 indicated strong correlation. For
example, the degree of spasticity of the ankle plantar flexor muscle group of fallers was
significantly higher than in non-fallers with a p-value of 0.009. The correlation between other
muscle groups' spasticity and falls was less significant. This cross-sectional study included 35
patients with Multiple Sclerosis and aimed to examine spasticity of lower limbs and their
effect on gait and balance. Hipp adductors, knee extensors and plantar flexors were the
muscle groups included. Four physiotherapists evaluated spasticity with bilateral tests of
lower limb muscles with Modified Ashworth scale. In addition, the Two-Minute Walking test
was used to measure gait. Habitual assistant devices were allowed to be used. And the Mini-
Balance Evaluation system Test was used to measure different aspects of dynamic balance
using 14 tasks. The participants were between 24 and 68 years of age with no significant
differences in age or sex. (P-value= 0.432) The participants had mostly relapsing-remitting
Multiple Sclerosis with a mean time since diagnosis of 12 years. Spasmolytic medication,
mostly baclofen and other treatment options, were used by the participants. The study
revealed a strong correlation between gait, balance and spasticity. This was identifiedd by the

measurement results of this study.

For each increase in the level of spasticity, Modified Ashworth Scale scores decreased by one
or more points. These results indicate that mobility is negatively affected by spasticity.
Especially spasticity in the ankle muscles disturbs gait already in early stages, even when
spasticity symptoms are not severe. On the other hand, moderate to severe spasticity in
theproximal muscles has negative effects on gait and balance. With this cross-sectional study
type it can be difficult to interpret the results, because other disturbances like vestibular,
visual or proprioceptive symptoms of the participants were not specifically tested. This could
bias the results of the study by other Multiple Sclerosis symptoms. (4) During physical

examination it is seen, that the resistance increases the faster a muscle is moved or stretched.

For evaluation of the severity of spasticity the Modified Ashworth Scale is used most
frequently with a grading scale from zero to four. (41)(42) In different papers it was
mentioned that there is a dilemma in defining and measuring spasticity. The Ashworth Scale

is a widely used tool but has limitations. These include the lack of comprehensive movement,
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the failure to include dynamic measure, when spasticity is measured with change of position.
Knowing about the failure of sensitivity of Modified Ashworth Scale in measuring spasticity,
might be a problem in clinical trials. It can become a problem to illustrate the efficacy of a
new treatment method. Despite criticism of the Modified Ashworth Scale it is used in most of
the studies or Clinical trials, because it is the only accepted measurement scale to measure
spasticity. (5)(17)(18) Evidence shows a limited effect of first line treatment for spasticity.
The first line treatment includes medications like baclofen, tizanidine or gabapentin. In a
German survey it was reported that physicians are completely unsatisfied with the treatment
outcome of their patients in 40%. (6) The effect of first line treatment is shown in the table

below.

% 'MOVE 1" German study (42 centres, 252 cases)

100 1 = Very satisfied

= Satisfied

® Partly satisfied

® Partly unsatisfied
= Unsatisfied

= Completely
unsatisfied

80 1

60 4

404

20 4

0-

Mild Moderate Severe
MS spasticity severity Picture 3: MS Spasticity severity (Oreja-Guevara C, Gonzalez-Segura

D, Vila C: Spasticity in multiple sclerosis: results of a Spanish patient survey. Int J Neurosci 2012;123:400-408.)

7. Treatment of spasticity

The treatment of spasticity aims to decrease muscle stiffness and improve the quality of life
of patients with Multiple Sclerosis. Besides medication, physical therapy and assistive
devices are used to improve the quality of life of patients. (20)(21)(30) The treatment of
spasticity in Multiple Sclerosis is a symptomatic treatment and can worsen other symptoms
or lead to side effects. Especially the polytherapy with many different drugs for different

symptoms can lead to severe drug interactions and worsen symptoms.

That is why an appropriate treatment of symptoms in Multiple Sclerosis is an unmet need.
For Multiple Sclerosis spasticity treatment, there are a few antispastic agents used. (8)
Pharmacological first line treatment for generalized spasticity symptoms in Multiple Sclerosis
include Baclofen, Tizanidine and Gabapentin. Second line pharmacological treatment
includes Dantrolene and Diazepam. Additional added cannabinoid oral mucosal spray is third

line therapy. Fourth line treatment includes baclofen pump and botulinum toxin injections
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are used for focal spasticity. (54)

Removal of triggers, appropriate positioning,
physiotherapy, occupational therapy, orthosis

|

Physician considers drug treatment for
generalised spasticity necessary

Baclofen or
tizanidine

i
Combined treatment baclofen +
tizanidine

Add 9-d-tetrahydrocannabinol
+ cannabidiol spray

Non-responder Non-responder

Other possible combinations or
intrathecal baclofen

Picture 4 Treatment recommendations MS

(Oreja-Guevara C, Gonzélez-Segura D, Vila C: Spasticity in multiple sclerosis: results of a Spanish patient survey. Int J Neurosci
2012;123:400-408.)

7.1 Baclofen

Baclofen is the drug of choice for MS induced spasticity. It is a GABA agonist and increases
the inhibitory effect of the reflex pathway. It has a wide range of side effects including
sedation, gastrointestinal symptoms, drowsiness, insomnia, tremors and confusion.(52) With
long-term use of baclofen side effects like sedation and drowsiness can lower, because

tolerance develops with time. Baclofen may also lower seizure threshold. (23)(24)(25)

Baclofen is usally taken orally with a dosis of 5mg /2x day to start with and can be adjusted
in dosage every three to five days to a limit of 80mg/day. In patients with renal failure ,

dosage should be adjusted, because it has renal metabolism. Sudden withdrawal of the drug
should be avoided, because it can cause severe symptoms with fever, seizures and death and
rebound spasticity or hallucinations. (12)(15) The mentioned side effects can be reduced by

starting a low-dose therapy with baclofen. (52)

Overdosing of baclofen leads to somnolence, hypotonia, respiratory depression, seizures and
severe weakness. (22)(23)(24)(25)

Alternatively, an intrathecal baclofen pump with direct delivery of the drug to the
cerebrospinal fluid is possible. A baclofen pump is a more invasive procedure and only used
in severe cases. In patients with severe spasticity and a lack of tolerance or missing efficacy
of less invasive treatment options, a baclofen pump can be placed subcutaneously within the
abdominal wall. The ratio of drug concentration is one hundred to one at spinal cord level,
compared to oral use. Careful monitoring and regular supervision are mandatory, when using

12



a baclofen pump for the treatment of spasticity. (9) (46)(47) Intrathecal baclofen
administration is indicated for severe spasticity of both legs. Positive effects especially in
reducing spasticity of legs and trunk. This furthermore has a big impact on posture, gait,
independence and bladder function. The use of a baclofen pump has a positive effect directly
at the spinal cord level for reducing spasticity symptoms. And more important, it has fewer

side effects, because of lower levels of baclofen in the brain. (52)
7.2 Tizanidine

Tizanidine is an alpha-2 adrenergic agonist. Sedation and drowsiness are the most common
side effects. Others include liver damage, bradycardia, hypotension, dry mouth and dizziness.
(33) Tizanidine reduces muscle tone. Tizanidine inhibits presynaptic motorneurons.(52) In a
double-blind placebo controlled clinical trial from 2016 by Y. Lapierre the safety and
efficacy of tizanidine treatment for spasticity in MS patients was evaluated. It showed
tizanidine to be a safe and effective drug in the treatment of spasticity. The most common and
only side effects were dry mouth and drowsiness. Thats why the clinical trial states the drug
to be safe and effective. Tizanidine has a clear effect on tendon reflexes and muscle tone.
(8)(19)

The drug is metabolized by the liver. Because of cytochrome P450 inhibition it is
contraindicated to use together with intravenous ciprofloxacin. Liver function tests are
mandatory on a regular basis. When taken together with antihypertensive drugs, special
attentiveness is necessary. (52) Two to four milligram per day typically taken at bedtime is
the dose to start with. A dose of thirty-six milligrams per day is the maximum dose allowed.
(9) (26)(27)(28)(29)(33)

7.3Diazepam

Diazepam is an antispasmodic agent promoting the effect of GABA (gamma-aminobutyric
acid). This neurotransmitter has an inhibitory effect. Diazepam has the most sedating effect
and is metabolized by the liver. Risk of Central nervous system depression is high, when it is
taken together with alcohol. (9) (23) Evidence for the use of diazepam for spasticity
symptoms is very low. Therefor diazepam should not be prescribed as a first line medical

treatment for spasticity in MS. (52)
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7.4 Gabapentin

Gabapentin is an antiepileptic drug that is used off-label for the treatment of some symptoms
in Multiple Sclerosis. Usually, it is used for seizures in epilepsy. The symptoms in MS treated
with gabapentin include nerve pain, dyesthesias, spasticity and vision problems. Dosage
usually is adjusted according to the effect of symptom relief and apprearance of side effects.
(56) Clinical trials with gabapentin used for the treatment of spasticity in spinal cord injury
showed small improvement of symptoms. Ashworth scale scores improved also. Gabapentin
is a drug with well-known side effects and good tolerability, which is known from the use in
epilepsy patients. Doses of 900mg a day were used to treat the probands, with only a little
effect. High doses might be needed to treat spasticity and get good results and symptom
relief. (57) As Gabapentin is only used off-label for the treatment of spasticity in MS patients,
there are not many clinical trials or systematic reviews. Further studies are needed to

investigate the effect of gabapentin for the treatment of spasticity in MS.(56)
7.5 Botulinum Toxin

Botulinum Toxin injection is indicated in MS if other medications don’t reduce spasticity
symptoms. Also, when the daily live activity is severely impaired by muscle spasticity. (14)
There are five agents approved by the FDA for treatment of spasticity, both type A and B
Botulinum toxin. All agents function at the neuromuscular junction site by blocking the
presynaptic release of acetylcholine. (43)(44)(45) The current botulinum toxins medications
on the market are all made of botulinum clostridium bacteria. Botulinum toxin inhibits the
acetylcholine release at the neuromuscular junction. Muscle contractions are reduced. Muscle
strength is decreased dosage related. Degradation of the injected botulinum toxin leads to a

reversible improvement of spasticity symptoms. (14)

Botulinum toxin should be used as a first line treatment in patients with spasticity, especially
with impaired quality of life. Proper implementation of botulinum toxin in the initial stage of
rehabilitation can improve quality of life of patients and reduce consequences of spasticity.
Soft tissue atrophy can be reduced with early implementation of botulinum toxin for
spasticity treatment. (52) Still unknown is the maximum saturation of different muscles for
botulinum toxin injections and therefore the maximum dose allowed. In different studies it
was mentioned that an exact localization for the injection site is mandatory. Furthermore, to
calculate the doses for injection, further investigation with clinical trials is needed. For the

exact localization of injection site, it might be helpful to use electrostimulation. (14)
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Another problem arising is the theory of maximum saturation of botulinum toxin of a muscle.
This theoretical knowledge leads to the question of how many injections per muscle are

needed to spread the toxin to the whole muscle and get the full effect. (52)

The effect of botulinum toxin slightly build up after 4-6 days and last up to 16 weeks. Side
effects include muscle atrophy at injection site. During the first 3 weeks the botulinum
syndrome can appear, which includes asthenia or generalized muscle weakness. In patients
with anticoagulation therapy the risk of developing muscle hematoma at the injection site
should be monitored. (52) Further studies on long term efficacy of botulinum toxin need to be
done. (14)

7.6 Cannabinoid oral mucosal spray

New study results have been evaluating the effect of newly implemented cannabinoid oral
mucosal spray in MS patients, especially for spasticity symptom relief. Most of them have
treatment resistant spasticity and severe reduction of quality of life. It is known that
Cannabinoid receptors are located randomly in the central nervous system and especially in
the brain stem they are accumulated. The cannabinoid system of the brain is shown in the
picture above. The cannabinoid receptors CB1 and CB2 are scattered through the central
nervous system. In one area of the brain there is a high accumulation of CB1 and CB2
receptors, which is the brainstem. The brainstem mediates symptoms like bladder function,
sleep, spasticity and more. CB1 receptors are widely spread in the brain and are related to
areas linked to movement, memorys, sensory perception and appetite and endocrine function
and more. CB2 receptors interfere with cytokine release and regulate imune cells. This plays

an important role in autoinflammatory processes and reduces inflammation. (48)
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Picture 5 Cannabinoid receptor localizations in brain ( Fernandez O, Costa-Frossard L, Martinez-Ginés M, Montero P, Prieto

JM, Ramié L. The Broad Concept of “Spasticity-Plus Syndrome" in Multiple Sclerosis: A Possible New Concept in the Management of
Multiple Sclerosis Symptoms. Front Neurol. 2020 Mar 17;11:152. doi: 10.3389/fneur.2020.00152. PMID: 32256440; PMCID:
PMC7090019.)

Different clinical trials and studies have shown that oral mucosal cannabinoid sprays like
Nabiximols have a positive effect on reducing symptoms of spasticity and others in Multiple

Sclerosis patients, that are resistant to other medical treatment options.

Nabiximols are made from the Cannabis sativa plant extracts, and it has equal amount of
Tetrahydrocannabinol (THC) and Cannabidiol (CBD). Oro mucosal administration route has
a longer duration and slower onset of action, because of the high lipophilicity of Cannabis.
For example, inhalation medicine has a short duration and fast onset of action. (2)(13) In a
retrospective study from Belgium with 238 probands the effect of oromucosal cannabinoid
spray on spasticity symptom was evaluated. The NRS spasticity scale from 0 to 10 points,
Experience-based health state evaluation score (EQVAS score), and dosage were reported.
Patients' outcomes were collected at baseline, 4, 8, 12 weeks and further supervised at 6, 9
and 12 months. During the whole evaluation period the dosage of 6 sprays/day was stable.
The Experience-based health state evaluation score (EQ VAS score), to measure the health-
related quality of life scored from 0O to one 100, was improving over the complete period of
12 months from a baseline result of 39 points to 64 points after 12 months. Results of the
NRS spasticity scale improved of more than 20 percent after 4 weeks of therapy with

oromucosal cannabinoid spray. (2)
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Another Italian study with similar results talks about cannabinoid oromucosal spray as a
useful option for patients with Multiple Sclerosis. 70.5 percent of the probands had more than
20 percent improvement of symptoms as initial response. The mean NRS score improved
from 7.5 t0 5.8, that is a 22.6 percent improvement. (34)(35)(36)(37)(38)(39)(40)

7.7 Spasticity Plus syndrome

The results of the studies with oromucosal cannabinoid spray also showed improvement of
other symptoms like cramps, bladder dysfunction, sleep, tremor and more. This indirect
information gave rise to the hypothesis of Spasticity Plus syndrome. This theory states that all
signs and symptoms accompanying spasticity are a cluster of clinical manifestations with one
underlying pathophysiology. (48) A group of neurologists specialized in Multiple Sclerosis
assed the symptoms of patients and especially the symptom clustering in MS. Muscle cramps
and bladder dysfunction were associated mostly with spasticity symptom. Through the course
of MS disease, the Spasticity Plus syndrome can become clearer.(55) This would propose a
new approach to treat spasticity in Multiple Sclerosis. The Poly pharmaceutical approach to
treat Multiple Sclerosis patients leads to the higher risk of side effects and the overall loss of
the disease process. For clinicians the Spasticity Plus Syndrome could shift the focus to a
whole cluster of symptoms away from spasticity only. (49) The underlying pathophysiology
of Spasticity Plus Syndrome is said to be placed in the corticospinal tract. Anatomically the
corticospinal tract is divided into a direct and crossed corticospinal tract. The fibers, which
are responsible for the stretch reflex lie in the crossed corticospinal tract and reach gamma
motor neurons. The fibers responsible for voluntary movement are in the direct corticospinal
tract and reach alpha motor neurons. In Multiple Sclerosis both pathways are interrupted, not

only one.

The symptom of spasticity without weakness only appears when a selective interruption of

the crossed (lateral) corticospinal tract is seen.
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Further the study hypothesizes that due to the fact of smaller fibers of lateral corticospinal
tract, they are more sensitive to demyelination effect and have higher sensitivity to conduct
blocks. This conduction blocks lead to an easy ephaptic transmission to close surrounding
fibers. These conduction blocks could be the origin of negative symptoms of Spasticity Plus
syndrome. These negative persisting symptoms include fatigue, weakness and urinary

retention.
SPASTICITY PLUS SYNDROME
CONDUCTION BLOCK EPHAPTIC TRANSMISSION
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fatigue |« 2 allodynia
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Symptoms. Front Neurol. 2020 Mar 17;11:152. doi: 10.3389/fneur.2020.00152. PMID: 32256440; PMCID: PMC7090019.)



These demyelinated fibers could also propagate excitation to close surrounding damaged
fibers and cause ephaptic symptoms like pain, allodynia, spasms and more. As demyelinated
fibers which are close to each other share the same extracellular medium, this transmission
can take place. (48)(49) The picture above shows the characteristics of the Spasticity Plus
syndrome. The syndrome includes the conduction bock symptoms and on the other hand
ephaptic transmission symptoms. These ephaptic symptoms come from propagation of nerve
impulses of demyelinated fibers to close surrounding damaged fibers. In healthy people the
myelination of nerve fibers would prevent the excitation of impulses to clos surrounding

nerve fibers.(48)
8.Conclusion

Multiple Sclerosis is a chronic inflammatory autoimmune disease of the central nervous
system affecting a lot of people worldwide. It has a broad spectrum of symptoms. Spasticity
belongs to the more common symptoms and has a huge impact on the quality of life. The
treatment options often have only a little effect. Side effects are common and due to
multimedication drug interactions worsen the situation of Multiple Sclerosis patients. First
line pharmacological treatment with baclofen or tizanidine shows good results in reducing
spasticity symptoms. To reduce the side effects, appropriate dosage is important and regular
supervision of the treatment. (1)(53)(54) The second line treatment option with diazepam is
less effective and should not be a drug of first choice. Side effects are the main problem and
the positive effect of the drug to reduce spasticity symptoms are too little.(9)(23)(52) New
treatment options for spasticity with add on cannabinoid oral mucosal spray have already
shown positive results. Spasticity symptoms improved and patients reported a better quality
of life. Due to the wide spread of cannabinoid receptors throughout the brain and high
amount of CB1 and CB2 receptors in the brain stem, the effect of cannabinoid oral mucosal
spray in reducing spasticity is good.(34)(35)(36) Botulinum toxin injection as fourth line
treatment options for severe cases of spasticity or spasticity of both legs or the trunk has
shown good results. The early implementation can reduce muscle atrophy and improve
rehabilitation and quality of life and independence of patients suffering from spasticity in
Multiple Sclerosis. But further clinical trials are needed to investigate the treatment with
botulinum toxin. Maximum dosage might be restricted because of muscle drug saturation, but
this fact has not been evaluated with clinical trials. Also, the longterm efficacy of botulinum
toxin injection needs to be evaluated.(43)(44)(45)(52)
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With the implementation of Spasticity plus Syndrome clustering of symptoms could be
treated with one drug. The Spasticity Plus syndrome could be a new approach for the
treatment of Multiple Sclerosis and reduce multidrug treatment. This new approach could
reduce drug interactions, side effects and shift the focus of physicians to a whole cluster of
symptoms that need to be treated. Clustering of MS symptoms in patients is common and

includes mostly spasticity being one of them, paired with bladder dysfunction or others. (48)

Overall, the treatment of Multiple Sclerosis spasticity is an important part of this disease.

With this systematic review different treatment options were discussed.

In general, the symptoms of MS vary from patient to patient and need individual treatment
plans. The different medical treatment options like baclofen, botulinum toxin injection and
others should be chosen individually for each patient depending on symptom severity. For
patients with treatment resistant spasticity, add on therapy with cannabinoid oral mucosal
spray could be a good choice. (53)(54) Clinical trials showed positive results in symptom
reduction and safety of the drugs. Further studies for long-term efficacy and safety need to be
done, which was mentioned equally in all studies.The newly implemented cannabinoid oral
mucosal spray has an overall positive effect which was seen in all clinical trials. Comparing
the results of the studies included, they all came up with a positive symptom relief for
patients and no or only little side effects, compared to other drugs used. (48)(49) Especially
the oral antispastic agents' baclofen, diazepam and tizanidine have good effects in reducing
spasticity symptoms, but amount and severity of side effects is problematic. This result was
seen in all reviews and clinical trials. Therefor the intervention of the spasticity plus
syndrome could help to reduce drug interactions, side effects and improve quality of life for
patients with MS in the future. (49)(55) Studies for the treatment with botulinum toxin had
positive results for severe spasticity cases. But long-term efficacy and safety are not fully
investigated, and studies have shown that further study results are needed to check for

longterm effectiveness and dosage. These two points need further investigations. (43)(44)(45)

To summarize, studies and clinical trials have shown the problematic situation in MS patients
with multidrug treatment and appearance of drug side effects. New interventions with
cannabinoid oral mucosal spray and a new approach with spasticity plus syndrome could
reduce the appearance of drug side effects and improve quality of life of patients. Additional

positive effects of these new interventions are equally mentioned in all studies.
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