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Management of abnormal muscle tone in
adults aged 19 and over with cerebral
palsy, including spasticity and associated
movement disorders such as dystonia

Review question

A1 Which pharmacological treatments for spasticity (for example, enteral baclofen,
tizanidine, diazepam, cannabinoids, and botulinum toxin injections) are most effective for
improving motor function, participation and quality of life in adults with cerebral palsy?

Introduction

Spasticity is a dynamic increase in the tone of muscles, causing muscles to spasm, or to be
tight, and is experienced by some adults with cerebral palsy. Spasticity can limit a person’s
movement, function and quality of life. When factors that aggravate spasticity have been
removed, enteral or intramuscular agents are available to treat the remaining spasticity. The
aim of this review is to evaluate the effectiveness of pharmacological treatments for
spasticity.

PICO table

Please see Table 1 for a summary of the Population, Intervention, Comparison and Outcome
(PICO) characteristics of this review.

Table 1: Summary of the protocol (PICO table)

Adults aged 19 years and over with cerebral palsy and spasticity (at
least 50% of study population should be 18 years or older)

Enteral
¢ Baclofen
e Dantrolene
e Tizanidine
e Diazepam
e Gabapentin/pregabalin
e Cannabinoids
Botulinum toxin injections
e Each other
e Placebo/no treatment
Critical
e Motor function
o Swallowing problems
o Goal Attainment Scale (GAS)
o Functional Independence Measure (FIM)
e Muscle tone
o Health-related quality of life
o Treatment related adverse events
o Swallowing problems
o Seizure threshold
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o Undue weakness/loss of function — use of spasticity positively
o Drowsiness and cognitive change

o Specific problems in people with low proximal tone and high
peripheral tone

Important
e Patient or carer reported satisfaction
o Participation

For full details see the review protocol in appendix A

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual 2014. Methods specific to this review question are
described in the review protocol in appendix A and for a full description of the methods see
supplementary document C.

Declaration of interests were recorded according to NICE’s 2014 conflicts of interest policy
from May 2016 until April 2018. From April 2018 onwards they were recorded according to
NICE’s 2018 conflicts of interest policy. Those interests declared until April 2018 were
reclassified according to NICE’s 2018 conflicts of interest policy (see Interests Register).

Clinical evidence

Included studies

Three studies (N=139) were included in this systematic review (Griffiths 1964, Maanum 2011
and Marchiori 2014).

Griffiths 1964 was a randomised, double-blind crossover study evaluating the spasmolytic
effect of oral diazepam compared to placebo in people with severe forms of cerebral palsy.

The other 2 studies examined the effectiveness of botulinum toxin compared to placebo or
standard care. Maanum 2011 was a single centre, double-blind, placebo controlled
randomised clinical trial assessing the short term effects of botulinum toxin A in ambulant

adults with cerebral palsy and spasticity.

Marchiori 2014 was a before-and-after study evaluating the effects of a single multi-site botulinum toxin injection
botulinum toxin injection on spatiotemporal and kinematic parameters of adults with cerebral palsy. In addition,
palsy. In addition, this study evaluated if the Gait Deviation Index (GDI) can be used to detect global changes in
global changes in gait following the administration of botulinum toxin. The clinical studies included in this evidence
included in this evidence review are summarised in Table 2 and evidence from these is summarised in the clinical
summarised in the clinical evidence profiles below (Table 3 and

Table 4).

See also the literature search strategy in appendix B, study selection flow chart in appendix
C, forest plots in appendix E and study evidence tables in appendix D.

Excluded studies

Studies excluded from this systematic review, with reasons for their exclusion, are provided
in appendix K.

Summary of clinical studies included in the evidence review

Table 2 provides a brief summary of the included studies.
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Table 2: Summary of included studies

Griffiths ~ Randomised, 50 people with Oral diazepam versus e Muscle tone
1964 crossover severe forms of placebo e Treatment related
study i:gr;eb;a?’l palsy (age adverse effects
o 73 years;
mean 32 years).
United Kingdom
Maanum Randomised 66 ambulant adults  Botulinum toxin A ¢ Motor function
2011 controlled with cerebral palsy  injection versus e Muscle tone
trial ?gdt: ggs;z::?/sfage placebo o Health-related quality
mean 37 years). ;f It'fe g
o Patient or carer
Norway reported satisfaction
Marchiori Observational 23 ambulant adults  Single multi-site e Motor function
2014 before-and- with cerebral palsy  botulinum toxin
after study and spasticity (age  injection versus pre-
18 to 36 years; injection.
mean 25 years).
France

See appendix D for the full evidence tables.

Quality assessment of clinical outcomes included in the evidence review

The clinical evidence profiles for this review question are presented in Table 3 and Table 4.

Table 3: Summary clinical evidence profile: Comparison 1: Botulinum toxin A versus
no treatment or placebo

Motor function The mean The adjusted - Low" 2
6 Minute Walk change from mean change (1 RCT)
Test baseline in the from baseline
Follow up: 8 control group  in the
weeks was 11.0 intervention
metres higher  group was 7.9
metres higher
(8.3 lower to
24 1 higher)
Motor function The mean The adjusted - 65 Low" 2
Timed Up and change from mean change (1 RCT)
Go baseline in the from baseline
Follow up: 8 control group  in the
weeks was 0.14 min  intervention
lower group was
0.21 min
lower (0.6
lower to 0.2
higher)

7

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity
FINAL (January 2019)



FINAL
Management of abnormal muscle tone in adults aged 19 and over with cerebral palsy, including
spasticity and associated movement disorders such as dystonia

Motor function  The authors observed a mean reduction of 3.2 Very low234
Gait Deviation  points (p = 0.02; which did not meet the MID of 4 (1
Index points) between pre- and post-assessment. The  gpservational
Follow up: 1 95% CI were not reported study)
month
Muscle tone — The mean The adjusted - 65 Low"
Muscle change from mean (1 RCT)
stiffness/spast baseline in the difference in
icity visual control group  the
analogue was 5.1 lower intervention
scale. Follow group was 9.6
up: 8 weeks lower (18.7
lower to 1.2
lower)
Health related Mean change The adjusted - 65 Low"
quality of life — from baseline  mean (1 RCT)
Short Form 36 in the control difference in
(SF-36) — group was 1.6 the
mental health  higher intervention
dimension group was 1.4
Follow up: 8 higher (4.4
weeks lower to 7.2
higher)
Health related Mean change The adjusted - 65 Low"
quality of life — from baseline  mean (1 RCT)
SF-36 — in the control difference in
vitality group was 5.0 the
dimension higher intervention
Follow up: 8 group was
weeks 0.27 lower
(7.8 lower to
7.7 higher)
Health related Mean change The adjusted - 65 Low™"
quality of life — from baseline  mean (1 study)
SF-36 — bodily in the control difference in
pain group was 8.1 the
dimension higher intervention
Follow up: 8 group was 4.4
weeks lower (1 2.9
lower to 4.2
higher)
Health related Mean change The adjusted - 65 Low™"
quality of life — from baseline  mean (1 RCT)
SF-36 — in the control difference in
general health group was 4.2 the
dimension higher intervention
Follow up: 8 group was 4.7
weeks lower (1 1.8
lower to 2.4
higher)
Health related Mean change The adjusted - 65 Low"
quality of life — from baseline  mean (1 RCT)
8
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SF-36 — social in the control difference in
function group was 0.8 the
dimension higher intervention
Follow up: 8 group was 3.4
weeks hlgher (40
lower to 10.9
higher)
Health related Mean change The adjusted - 65 Low" 2
quality of life — from baseline  mean (1 RCT)
SF-36 — in the control difference in
physical group was 3.9 the
function higher intervention
dimension group was 1.2
Follow up: 8 lower (7.6
weeks lower to 5.2
higher)
Health related Mean change The adjusted - 65 Low" 2
quality of life — from baseline  mean (1 RCT)
SF-36 — role in the control difference in
physical group was 9.1 the
dimension higher intervention
Follow up: 8 group was
weeks 11.6 lower
(29.1 lower to
5.9 higher)
Health related Mean change The adjusted - 65 Low" 2
quality of life — from baseline  mean (1 RCT)
SF-36 — role in the control  difference in
emotional group was 2.0 the
dimension higher intervention
Follow up: 8 group was 5.7
weeks hlgher (81
lower to 19.5
higher)
Treatment - - - - -
related
adverse
events — Not
reported
Patient or 273 per 1000 595 per 1000 RR 2.18(1.16 65 Low" 2
carer reported (316 to 1000)  to 4.07) (1 RCT)
satisfaction —
Number of
patients
reporting a
positive
treatment
effecton a
three point
global verbal
scale
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Follow up: 8
weeks

Participation — - - - - -

Not reported
Cl: confidence interval;, MID, minimally important difference; RR: risk ratio; SF-36: 36 item short form survey.
1 Downgraded for serious indirectness as the participants were highly functioning adults with cerebral palsy.
Patients with cognitive impairment were excluded from this study
2 Downgraded for serious imprecision due to sample size < 400 or number of events < 300
3 Downgraded for serious risk of bias due to the risk of selective reporting identified in this study
4 Downgraded for serious indirectness as the control participants in this before and after study were healthy
participants

Table 4: Summary clinical evidence profile: Comparison 2: oral diazepam versus no
treatment or placebo

Motor function
— Not reported

Muscle tone —
Number of
participants
identified as
becoming
‘slightly better’
during a
clinical
assessment
using a
standardised
form

Follow up: 6
weeks

Health related
quality of life —
Not reported

Treatment
related
adverse
events —
Number of
adverse
events
reported
Follow up: 6
weeks

Patient or
carer reported

The authors identified one participant who
became slightly better after receiving diazepam,
and one participant who became slightly better
after receiving the control (inactive) tablet

Drowsiness was reported in 13 participants,
anorexia in four, slurring of speech in two,
depression in one, vomiting in four, abdominal
pain in one, aggressive tendencies in two, and a
faint localised rash in one. Each patient could
have experienced more than one adverse event;
however, this was not reported.

10
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satisfaction —
Not reported

Participation — - - - - -

Not reported
ClI: confidence interval.
1 Downgraded for serious indirectness as the participants were some of the “most severely affected” patients with
cerebral palsy
2 Downgraded for serious imprecision due to sample size < 400 or number of events < 300, and the lack of
adequate inferential analyses
3 Downgraded for serious indirectness as the participants were some of the “most severely affected” patients with
cerebral palsy, and the definition of the outcome does not allow for a comparison between the two treatment
periods to be made.

See appendix F for the full GRADE tables.

Economic evidence

Included studies

A systematic review of the economic literature was conducted but no studies were identified
which were applicable to this review question.

Excluded studies

No studies were identified which were applicable to this review question.

Summary of studies included in the economic evidence review

No economic evaluations were included in this review.

Economic model

This question was not prioritised for economic modelling although the committee considered
there may be some resource impact associated with botulinum toxin injections. Therefore a
cost description was undertaken to aid considerations of resource impact and cost
effectiveness.

Resource impact

In the absence of economic evidence for all the interventions considered in the review
question unit costs were presented to the committee to aid in their consideration of resource
impact and cost effectiveness.

The Committee advised that all pharmacological treatments for spasticity (oral or parenteral)
should be initiated by a specialist clinic neurologist/rehabilitation medicine consultant,
specialist nurse or specialist prescribing physiotherapist. According to NHS Reference Costs
2015/16 the first attendance for a pre-assessment would cost £217 (currency code WF01B,
service code 400, non-admitted face-to-face attendance, first, neurology). However, GPs
who have experience in managing spasticity may prescribe pharmacological treatments
without an onward referral. According to the unit costs of health and social care, one
attendance with a GP would cost £36 (PSSRU 2016 including indirect care staff costs and
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qualifications, per patient contact lasting 9.22 minutes) whilst a prescription would cost an
additional £28 (PSSRU 2016). The resource and costs following an “eligible” assessment, for
all pharmacological interventions for which evidence was searched, are described below.

Oral pharmacological treatments

Drug acquisition costs for all pharmacological interventions for which evidence was
searched, were taken from the NHS Electronic Drug Tariff July 2018 and dosages from the
BNF July 2018. (Not presented) Dosages were verified with the committee to ensure they
were appropriate for this patient group.

The oral treatments under consideration would not incur administration costs as they would
be administered at home, without healthcare professional assistance.

Enteral baclofen, diazepam, gabapentin and pregabalin would be monitored by the patient’s
GP and by the community team at routine visits. For tizanidine this would also include liver
function tests because hepatic dysfunction has been reported in association with tizanidine
but rarely at daily doses up to 12mg, it is recommended that liver function tests should be
monitored monthly for the first four months in patients receiving doses of 12mg and higher
and in patients who develop clinical symptoms suggestive of hepatic dysfunction, such as
unexplained nausea, anorexia or tiredness (see Summary of Products Characteristics).

Cannabinoids on the other hand, should be monitored at least every 6 months by a specialist
in secondary or tertiary care, because of their expertise and selection criteria. According to
NHS Reference Costs 2015/16, a follow-up visit would cost £161 (currency code WF01A,
service code 400, non-admitted face-to-face attendance follow-up, neurology).

Botulinum toxin injections

The administration of botulinum toxin involves a day-case admission performed by a
neurologist, or a specially trained physiotherapist or nurse in a specialist clinic. Botulinum
toxin is also commonly administered by a rehabilitation medicine specialist in an outpatient
clinic. Adults with cerebral palsy are unlikely to be sedated, but ultrasound or
electromyography may be used for guidance.

The appointment for the injection of botulinum toxin has a NHS reference cost assigned —
Torsion dystonia and other involuntary movements drugs band 1 (code XD09Z). This
reference cost (£324) will include all costs related to the procedure, the day case admission,
drug costs and staff costs.

Following an injection, patients would be monitored every 3 to 4 months by the specialist
clinic at a cost of £161 (NHS Reference Costs 2015/16, currency code WFO01A, service code
400, non-admitted face-to-face attendance follow-up, neurology) to assess their response
and need for repeat injections.

Evidence statements

Comparison 1: Botulinum toxin A versus no treatment or placebo

Critical outcomes

Motor function

e Low quality evidence from one randomised trial including 65 people showed no clinically
important difference between intramuscular injections of botulinum toxin A and placebo for
motor function (as measured by the 6 Minute Walk index).
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e Low quality evidence from one randomised trial including 65 people showed no clinically
important difference between intramuscular injections of botulinum toxin A and placebo for
motor function (as measured by the ‘Timed Up and Go’ index).

¢ Very low quality evidence from one observational study including 23 people showed no
clinically important improvement in motor function (as measured by the Gait Deviation
Index) following a single multi-site botulinum toxin injection.

Muscle tone

e Low quality evidence from one randomised trial including 65 people showed a clinically
important beneficial effect of intramuscular injections of botulinum toxin A compared with
placebo for muscle tone.

Health related quality of life

¢ Low quality evidence from one randomised trial including 65 people showed no clinically
important difference between intramuscular injections of botulinum toxin A and placebo for
quality of life for any of the dimensions of the SF-36 survey.

Treatment related adverse events
¢ No evidence was found for this outcome.

Important Outcomes

Patient or carer reported satisfaction

¢ Low quality evidence from one randomised trial including 65 people showed a clinically
important beneficial effect of intramuscular injections of botulinum toxin A compared to
placebo in terms of self-reported positive treatment effect.

Participation
¢ No evidence was found for this outcome.

Comparison 2: Oral diazepam versus no treatment or placebo

Critical Outcomes

Motor function
¢ No evidence was found for this outcome.

Muscle tone

¢ Very low quality evidence from one randomised study including 50 people showed no
clinically important difference between oral diazepam and placebo in terms of muscle
tone.

Health related quality of life
¢ No evidence was found for this outcome.

Treatment related adverse events

¢ Very low quality evidence from one randomised study including 50 people about rates of
adverse events was not reported in a way that allowed a comparison between diazepam
and placebo.
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Important Outcomes

Patient or carer reported satisfaction
¢ No evidence was found for this outcome.

Participation
¢ No evidence was found for this outcome.

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

Spasticity is characterised by stiffness and a wide range of involuntary muscle spasms
(sustained muscle contractions or sudden movements). The committee therefore prioritised
outcomes related to motor function (such as gross motor function, muscle tone) they also
agreed that this would have an impact on health-related quality of life as would any treatment
related adverse events. Therefore all of these outcomes were critical when comparing
pharmacological treatments for spasticity. The committee agreed that treatments should be
satisfactory to patients and that it may also improve participation. These were considered as
important outcomes.

The quality of the evidence

The quality of the evidence for this review was assessed using GRADE. The identified
evidence related only to oral diazepam and botulinum toxin A injections. For the botulinum
toxin compared to placebo evidence reported outcomes related to motor function, muscle
tone, health related quality of life and patient satisfaction. Only patient satisfaction was
improved by botulinum toxin A treatment. The quality of evidence for all outcomes was
affected by imprecision around the effect sizes which was due to the low sample size. The
evidence was therefore very low to low quality according to GRADE criteria. In the
comparison between diazepam and placebo only two outcomes were reported (muscle tone
and treatment related adverse events). However, both outcomes were poorly reported (one
on a non-validated scale’ and in the other it was unclear whether there were people with
more than one adverse event). It was impossible to calculate an effect size and evidence
could only be reported narratively. This evidence was therefore rated as very low quality.
This made interpretation of all evidence uncertain. No evidence about enteral baclofen,
dantrolene, tizanidine, gabapentin/pregabalin and cannabinoid treatment was identified.

The committee noted that studies used selective populations. Committee members noted
that one study comparing botulinum toxin A with placebo excluded adults with cognitive
impairments whereas another study comparing oral diazepam with placebo only included
adults with severe cerebral palsy. They therefore decided that it would be difficult to
extrapolate findings from this evidence.

Only one study was a parallel arm randomised controlled trial. The before and after study
and the cross-over trial had inherent study limitations that made the committee less confident
in the findings.

Due to the low quality of the evidence, the committee based their recommendations mainly
on their expertise and experience.
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Benefits and harms

The committee agreed, based on their knowledge, that the risks and benefits of any
treatments should be discussed with each person before treatment is initiated and specific
treatment goals are agreed. In relation to potentially positive or negative effects of increased
tone, the committee highlighted that goals need to be clearly set out and that this should also
feature in multidisciplinary team discussions to assess potential changes in function. This
would also lead to better shared decision making and would inform the assessment of
whether or not treatments are effective.

Based on their experience the committee discussed that the relationship between spasticity
and dystonia is not always clear to healthcare professionals and that better knowledge of this
would lead to more effective shared decision. To highlight the complexity of conditions of
abnormal muscle tone they therefore decided to describe that adults with cerebral palsy can
have both spasticity as well as dystonia, and that symptom severity may vary.

The committee, based on their experience and expertise, agreed that there are a number of
factors that can contribute to, or exacerbate, both spasticity and dystonia. They highlighted
those factors that are most commonly associated with spasticity or dystonia and that are not
always recognised as such. Identifying and addressing these improves the effectiveness of
any multidisciplinary spasticity treatment strategy by focusing the management plan (for
example if spasticity is exacerbated by pressure sores or constipation, then a treatment plan
should address these factors first).

Based on their experience and expertise, the committee considered that treatment of both
spasticity and dystonia can reduce pain and improve sleep, has an impact on motor function
and can improve quality of life. The difference between spasticity, voluntary resistance and
contractures requires careful assessment and it may not be possible to tell them apart in one
assessment, or until treatment is initiated where movement is severely restricted. The
committee discussed that spasticity as well as dystonia can have a positive impact on motor
function. Some people with cerebral palsy make functional use of their increased muscle
tone from spasticity and dystonia, for example to help them walk. For these people reduction
in spasticity or dystonia could have a negative impact on certain motor functions, for example
loss of their ability to transfer independently. However, severe spasticity can also have a
negative impact on motor function as increased muscle tone can limit function. The
committee, based on their experience, recommended a stepwise approach to interventions
for spasticity, dependant on tolerability and effectiveness.

As described above this should start with non-pharmacological interventions that address the
contributing or exacerbating factors and include a physical management programme
(covered in evidence review document D2 on physical function).

For prescribing enteral (oral or tube) baclofen in primary/community care, the committee
acknowledged that, even though no direct evidence in adults was identified, there was
evidence for the effectiveness of enteral baclofen in children and young people. For example,
there was evidence from randomised controlled trials in children receiving enteral baclofen
which showed that there were improvements in muscle spasms (reductions in tone in lower-
extremity as well as upper muscle groups - see NICE guideline Spasticity in under 19s,
CG145, 2016). They were aware of potential adverse effects of oral baclofen including
nausea and drowsiness, however these were usually tolerable. The committee decided that
these findings could be extrapolated to adults with cerebral palsy since the pharmacokinetic
and pharmacodynamic properties would be similar in adults. They therefore agreed that this
would be the least invasive effective option for adults. However, since there was a lack of
direct evidence, they decided to make a weak recommendation for the enteral use of this
intervention.
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The committee considered the weak evidence related to the use of diazepam to treat
spasticity in adults with cerebral palsy. There was very low quality evidence of a number of
adverse events (for instance drowsiness, vomiting and abdominal pain) that were reported by
people who received diazepam. Even though they did not have much confidence in the
evidence, the committee agreed that such adverse events related to diazepam were
consistent with their clinical experience along with the known problems of tolerance and
dependency. They therefore decided not to recommend diazepam to treat spasticity in adults
with cerebral palsy. Based on their experience and expertise and evidence of some benefit in
children and young people (in the Spasticity in under 19s: management NICE guideline), it
was also discussed that diazepam can have a short term benefit related to the management
of pain and anxiety particularly in acute situations, where the side effects on the level of
consciousness and breathing can be monitored in vulnerable patients, or at the end of life.
The committee agreed that the routine long-term use of diazepam in the management of
spasticity should be discouraged, but that there are exceptional circumstances where it could
have a short-term benefit.

The committee was aware of severe symptoms, such as life-threatening seizures, confusion
and hallucinations associated with rapid withdrawal of enteral muscle relaxants and so
recommended tapered withdrawal to minimise this risk. Based on their experience and
knowledge the committee highlighted that this gradual withdrawal is particularly important
when enteral muscle relaxants have been taken for over two months or the prescribed
dosage is high.

Regarding referral to, or discussion with, a tone or spasticity management service for further
pharmacological options, there was no evidence for the effectiveness and safety of other
enteral pharmacological options. Therefore, the committee decided that adults with cerebral
palsy and spasticity who do not tolerate enteral baclofen, or for whom it is ineffective, should
be referred to a tone management service. The committee recommended that decisions
about any further pharmacological treatments should only be made after referral to such
specialist tone management services because of the number of treatment related adverse
events.

Based on their expertise and experience, they recommended that botulinum toxin A should
only be used for focal spasticity in a limited number of muscles to ensure effectiveness and
minimise side effects as it is a neurotoxic substance. The committee agreed that healthcare
professionals in such services can tailor, using their clinical judgement, other options
(potential non-pharmacological options — see evidence review document A2) taking into
account the risks and benefits in relation to the needs and goals of the individual adult with
cerebral palsy and spasticity.

Due to the limited evidence, the committee made a research recommendation about how to
inject botulinum toxin A. This is important because accurate placement of intramuscular
botulinum toxin A is needed for efficacy and to avoid side effects. Localisation of muscles to
be injected can be achieved with muscle stimulation, electromyography (EMG) signal or
ultrasound to support anatomical knowledge. These techniques require equipment and
training in the use of equipment and interpretation of results. Use of ultrasound may require
the presence of an ultrasonographer or radiologist in addition to the clinician giving the
injection. Further research could therefore provide important information on the comparative
effectiveness of these techniques.

Cost effectiveness and resource use

The committee noted that no relevant published economic evaluations had been identified for
this topic.

The committee recognised that if spasticity is exacerbated by factors such as pain and
emotional distress that are not identified and managed appropriately, they can negatively
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impact on participation and quality of life. Therefore, knowing what factors can exacerbate
spasticity may lead to increased vigilance and thus more timely management which would be
cost neutral or cost saving.

The recommendation to offer enteral baclofen as a first line option to manage spasticity
should not lead to a large increase in costs as enteral baclofen is relatively cheap with a
maintenance dose of 60mg a day (in divided doses) costing £0.12 (NHS Electronic Drug
Tariff May 2017: 1x10mg tablet, £0.02) and is already widely used in current clinical practice
as a first line option. Despite this, the committee were unable to make a stronger
recommendation as there was no comparative clinical evidence that baclofen was the most
effective option.

The committee referred to the evidence that diazepam provided no additional benefit
compared to placebo and agreed that relatively cheap treatments should not be
recommended if they are ineffective. The committee also noted that adults with cerebral
palsy are frequently prescribed diazepam in primary care when alternative options should be
explored. For this reason, the committee made a recommendation to not routinely prescribe
diazepam to stop the use of limited resources on ineffective practices.

The committee noted that general practitioners in primary care prescribe treatments for
spasticity, but agreed they should refer to, or discuss with, healthcare professionals who
have experience in tonal disorders, when spasticity is causing problems with pain or impaired
function, to ensure the assessment and subsequent management is appropriate for each
individual. The committee agreed that the cost of specialist input would be offset by the
downstream costs from potentially inappropriate management and the missed adverse
effects of treatment.

The committee noted that no one should remain on cheap treatments that are ineffective, as
the burden of treatment and long-term cost, including the cost to manage their potential
adverse events could be substantial. However, it is important to note that muscle relaxants
should be discontinued gradually, to minimise withdrawal symptoms such as anxiety and
distress, as those symptoms would offset the cost of immediate discontinuation.

If baclofen is ineffective or not tolerated, the committee stated that alternative
pharmacological treatments such as tizanidine, dantrolene or gabapentin would be
considered for generalised spasticity. However, there was no evidence for the effectiveness
of these and all of them are associated with a number of possible adverse effects. The
committee recommended that decisions about any further pharmacological treatments
should only be made after referral to specialist tone management services. The cost of these
drugs can then be offset by the benefits of an approach tailored to the individual needs of the
adult with cerebral palsy. When spasticity is focal, the committee agreed there was clinical
evidence to suggest the cost of botulinum toxin could be outweighed by its benefits.
Combined with the committee’s clinical experience and expertise, the committee focussed
their recommendation to consider referral for botulinum toxin for focal spasticity that is
causing pain, impacting care, or impairing activity, to reduce the number of inappropriate
referrals.

Injecting botulinum toxin is complex and should be assessed and administered by specialists
who are competent in its management, to minimise the risks the injection can entail. The
committee referred to Spasticity in under 19s: management CG145 which considers the role
of EMG or ultrasound to guide botulinum toxin treatment and considered these to be
appropriate in an adult population as well, though they also recognised potential cost
implications associated with this. Therefore the committee made a research recommendation
to assess if guided botulinum toxin treatment using EMG or ultrasound is cost effective.

17
Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity
FINAL (January 2019)


https://www.nice.org.uk/guidance/cg145

FINAL
Management of abnormal muscle tone in adults aged 19 and over with cerebral palsy, including
spasticity and associated movement disorders such as dystonia

References

Griffiths 1964

Griffiths APW, Sylvester PE (1964). Clinical trial of diazepam in adult cerebral palsy. Annals
of physical medicine; Suppl:25-9

Maanum 2011

Maanum G, Jahnsen R, Stanghelle JK, et al (2011). Effects of botulinum toxin A in ambulant
adults with spastic cerebral palsy: a randomized double-blind placebo controlled trial. Journal
of Rehabilitation Medicine, 43:338-347

Marchiori 2014

Marchiori C, Roche N, Vuillerme N, et al (2014). Effect of multisite botulinum toxin injections
on gait quality in adults with cerebral palsy. Disability & Rehabilitation; 36:1971-4

18
Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity
FINAL (January 2019)



FINAL

Appendices

Appendix A — Review protocols

Review protocol for review question A1: Which pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine, diazepam,
cannabinoids, and botulinum toxin injections) are most effective for improving motor function, participation and quality of life in adults with cerebral

palsy?

Table 5: Review protocol for pharmacological treatments for spasticity

Field (based on PRISMA-P)
Review question

Type of review question
Objective of the review

Eligibility criteria —
population/disease/condition/issue/domain
Eligibility criteria —
intervention(s)/exposure(s)/prognostic
factor(s)

Content

Which pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine, diazepam,
cannabinoids, botulinum toxin injections) are most effective for improving motor function, participation and
quality of life in adults with cerebral palsy?

Intervention review

The aim of this review is to determine the relative effectiveness of pharmacological treatments for spasticity in
adults with cerebral palsy

Adults aged 19 years and over with cerebral palsy and spasticity (at least 50% of the study population should
be 18 years or older).

Enteral:

e baclofen

e dantrolene

e tizanidine

e diazepam

e gabapentin/pregabalin
e cannabinoids
Botulinum toxin injections
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Field (based on PRISMA-P)

Eligibility criteria — comparator(s)/control
or reference (gold) standard

Outcomes and prioritisation

Content
Each other or placebo/no treatment

Critical outcomes
e Motor function
o Swallowing problems
o Goal Attainment Scale (GAS)
o Functional Independence Measure (FIM)
e Muscle tone
o Health-related quality of life
e Treatment related adverse events
o Swallowing problems
o Seizure threshold
o Undue weakness/loss of function — use of spasticity positively
o Drowsiness and cognitive change
o Specific problems in people with low proximal tone and high peripheral tone
Important outcomes
¢ Patient or carer reported satisfaction
¢ Participation

Minimally important differences:
e Goal Attainment Scale: 7 units
¢ Modified Ashworth Scale: 1 unit
e Quality of Upper Extremities Test: 5 units
o ICF — Measure of Participation and Activities Screener: 2 units
e Community Balance and Mobility Scale: 10 units
e Canadian Occupational Performance Measure: 2 units
e Five Times Sit to Stand Test: 2.5 seconds
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Field (based on PRISMA-P)

Eligibility criteria — study design

Other inclusion exclusion criteria

Proposed sensitivity/sub-group analysis,
or meta-regression

Content
e Seated Shot-Put: 40 cm
e Timed Up and Go: 5 seconds
e Australian Therapy Outcome Measures for Occupational Therapy: 0.5 units

o Assessment of Life Habits: use minimal detectable change for each subdomain reported on
rehabmeasures.org

e Other dichotomous outcomes will use default MIDs [RR thresholds of 0.80 and 1.2]
e  Other continuous outcomes will use default MIDs [0.5 times the SD of the control group]

Only published full-text papers of the following types of studies: systematic reviews of RCTs; RCTs;
comparative cohort studies (only if RCTs unavailable or limited data to inform decision making); crossover
trials; and before-and-after studies

Conference abstracts will only be considered if they are related to an RCT

None

Population subgroups:

e GMFCS Level | to lll vs. GMFCS Level IV to V

e Limb (arm vs. leg related to BTx)

¢ Full-time wheelchair users and part-time wheelchair users

Intervention subgroups:
e Dosage (for Botulinum toxin injections)

Important confounders (when comparative observational studies are included for interventional reviews):
e Presence of dystonia

e Degree of pain/severity

¢ Adjunct medication
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Field (based on PRISMA-P)

Selection process — duplicate
screening/selection/analysis

Data management (software)

Information sources — databases and
dates

Identify if an update
Author contacts

Highlight if amendment to previous
protocol

Search strategy — for one database
Data collection process — forms/duplicate

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

Criteria for quantitative synthesis

Content

A random sample of the references identified in the search will be sifted by a second reviewer. This sample
size will be 10% of the total, or 100 studies if the search identified fewer than 1000 studies. All disagreements
in study inclusion will be discussed and resolved between the two reviewers. The senior systematic reviewer
or guideline lead will be involved if discrepancies cannot be resolved between the two reviewers

STAR was used to sift through the references identified by the search, and for data extraction

Pairwise meta-analyses and production of forest plots was done using Cochrane Review Manager
(RevManb).

‘GRADEpro’ was used to assess the quality of evidence for each outcome.

Database(s): Embase 1974 to Present, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and
Ovid MEDLINE(R) 1946 to Present; Cochrane Library; WEB OF SCIENCE

Not an update
For details please see the guideline in development web site.
For details please see section 4.5 of Developing NICE guidelines: the manual 2014

For details please see appendix B.

A standardised evidence table format will be used, and published as appendix D (clinical evidence tables) or
H (economic evidence tables).

For details please see evidence tables in appendix D (clinical evidence tables) or H (economic evidence
tables).

Standard study checklists were used to critically appraise individual studies. For details please see section 6.2
of Developing NICE guidelines: the manual 2014.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the
international GRADE working group http://www.gradeworkinggroup.org/.

For details please see section 6.4 of Developing NICE guidelines: the manual 2014
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Field (based on PRISMA-P)

Methods for quantitative analysis —
combining studies and exploring
(in)consistency

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Describe contributions of authors and
guarantor

Sources of funding/support
Name of sponsor

Roles of sponsor

PROSPERQO registration number

Content
For details please see the methods and process section of the main file

For details please see section 6.2 of Developing NICE guidelines: the manual 2014.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual 2014
For details please see the introduction to the evidence review.

A multidisciplinary committee developed the evidence review. The committee was convened by the National
Guideline Alliance (NGA) and chaired by Dr Paul Eunson in line with section 3 of Developing NICE guidelines:

the manual 2014.

Staff from the NGA undertook systematic literature searches, appraised the evidence, conducted meta-
analysis and cost effectiveness analysis where appropriate, and drafted the guideline in collaboration with the
committee. For details please see the methods see supplementary document C.

The NGA is funded by NICE and hosted by the Royal College of Obstetricians and Gynaecologists.

The NGA is funded by NICE and hosted by the Royal College of Obstetricians and Gynaecologists.

NICE funds NGA to develop guidelines for those working in the NHS, public health and social care in England
Not applicable

Btx: botulinum toxin; CDSR: Cochrane Database of Systematic Reviews; CENTRAL: Cochrane Central Register of Controlled Trials; DARE: Database of Abstracts of Reviews of
Effects; FIM: Functional Independence Measure; GAS: Goal Attainment Scale; GRADE: Grading of Recommendations Assessment, Development and Evaluation; GMFCS, gross
motor function classification system; HTA: Health Technology Assessment; ICF: International Classification of Functioning, Disability and Health; MID: minimally important
difference; NGA: National Guideline Alliance; NHS: National health service; NICE: National Institute for Health and Care Excellence; RCT: randomised controlled trial; RoB: risk of
bias; SD: standard deviation
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Appendix B — Literature search strategies

Literature search strategies for review question A1: Which pharmacological treatments for
spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids, and botulinum
toxin injections) are most effective for improving motor function, participation and quality of
life in adults with cerebral palsy?

This appendix is a combined search strategy and will be the same for all the evidence
reviews for the A review questions as listed below:

A1: Which pharmacological treatments for spasticity (for example, enteral baclofen,
tizanidine, diazepam, cannabinoids, and botulinum toxin injections) are most effective for
improving motor function, participation and quality of life in adults with cerebral palsy?

A2: Are neurosurgical procedures (intrathecal baclofen pump and selective dorsal rhizotomy)
effective in adults aged 19 and over with cerebral palsy to reduce spasticity and or dystonia?

A3: Which treatments (pharmacological treatment (levodopa, anticholinergic drugs, and
botulinum toxin injections), neurosurgical procedure (deep brain stimulation, ITB)) are most
effective for managing dystonia in adults with cerebral palsy where dystonia is the
predominant abnormality of tone?

Database: Medline & Embase (Multifile)

Database(s): Embase 1974 to 2018 March 22, Ovid MEDLINE(R) In-Process & Other Non-
Indexed Citations and Ovid MEDLINE(R) 1946 to Present

Table 6: Last searched on 22 March 2018
# Searches
exp Cerebral Palsy/ use prmz
exp cerebral palsy/ use oemezd
((cerebral or brain or central) adj2 (pal* or paralys#s or pares#s)).tw.
cerebral palsy.ti,ab.
little? disease.tw.
((hemipleg*® or dipleg* or tripleg* or quadripleg* or unilateral*) adj5 spastic*).tw.
((hemipleg* or dipleg* or tripleg* or quadripleg* or unilateral*) adj3 ataxi*).tw.
or/1-6
limit 8 to english language

= O 00 N O OO & W N -

0 limit O to (adult <18 to 64 years> or aged <65+ years>) use oemezd [Limit not valid in Ovid
MEDLINE(R),Ovid MEDLINE(R) In-Process; records were retained]

11 limit 9 to "all adult (19 plus years)" [Limit not valid in Embase; records were retained]
12 11 use prmz

13 or/10,12

14 exp Muscle Spasticity/ use prmz

15 exp spasticity/ use oemezd

16 spastic*.tw.

17 exp Dystonia/

18 dystoni*.ti,ab.

19 abnormal muscle tone.ti,ab.

20 14 or150r 16 or 17 or 18 or 19
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#
21

22
23

24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Searches

exp Muscle Spasticity/ or exp Dystonia/ or exp Infusion Pumps, Implantable/ or exp Physical
Therapy Modalities/ or exp Rhizotomy/ or exp Splints/ or exp Orthotic Devices/ or exp Deep
Brain Stimulation/ or exp Baclofen/ad, ae, tu or exp Botulinum Toxins/ad, ae, tu or exp
Diazepam/ad, ae, tu or exp Cannabinoids/ad, ae, tu or exp Acetylcholine Release
Inhibitors/ad, ae, tu or exp Muscle Relaxants, Central/ad, ae, tu or exp Levodopa/ad, ae, tu
or exp Dantrolene/ad, ae, tu or exp Clonazepam/ad, ae, tu or exp Pregabalin/ad, ae, tu or
exp Clonidine/ad, ae, tu or exp Trihexyphenidyl/ad, ae, tu or exp Tetrabenazine/ad, ae, tu or
exp Anti-Dyskinesia Agents/ad, ae, tu

21 use prmz

exp implantable infusion pump/ or exp physiotherapy/ or exp dorsal rhizotomy/ or exp splint/
or exp orthosis/ or exp brain depth stimulation/ or exp baclofen/ae, ad, cb, dt or exp
botulinum toxin/ae, ad, cb, dt or exp diazepam/ae, ad, cb, dt or exp cannabinoid/ae, ad, cb,
dt or exp acetylcholine release inhibitor/ae, ad, cb, dt or exp central muscle relaxant/ae, ad,
cb, dt or exp levodopa/ae, ad, cb, dt or exp tizanidine/ae, ad, cb, dt or exp gabapentin/ae, ad,
cb, dt or exp dantrolene/ae, ad, cb, dt or exp clonazepam/ae, ad, cb, dt or exp pregabalin/ae,
ad, cb, dt or exp clonidine/ae, ad, cb, dt or exp trihexyphenidyl/ae, ad, cb, dt or exp
tetrabenazine/ae, ad, cb, dt

23 use oemezd

(physiotherap™® or botulinum or baclofen or tizanidine or intrathecal baclofen pump or
gabapentin or levodopa or dantrolene or clonazepam or pregabalin or clonidine or dorsal
rhizotomy or tetrabenazine or trihexyphenidyl or lycra or DBS or deep brain stimulat* or
splint* or serial cast*).ti,ab.

22 or 24 or 25

13 and 20

13 and 26

27 or 28

conference abstract.pt. use oemezd
letter.pt. or LETTER/ use oemezd

Letter/ use prmz

EDITORIAL/ use prmz

editorial.pt. use oemezd

NEWS/ use prmz

exp HISTORICAL ARTICLE/ use prmz
note.pt. use oemezd

ANECDOTES AS TOPIC/ use prmz
COMMENT/ use prmz

CASE REPORT/ use prmz

CASE REPORT/ use oemezd

CASE STUDY/ use oemezd

(letter or comment* or abstracts).ti.
or/30-43

RANDOMIZED CONTROLLED TRIAL/ use prmz
RANDOMIZED CONTROLLED TRIAL/ use oemezd
random®.ti,ab.

or/45-47

44 not 48

ANIMALS/ not HUMANS/ use prmz
ANIMAL/ not HUMAN/ use oemezd

exp ANIMALS, LABORATORY/ use prmz
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# Searches

53 exp ANIMAL EXPERIMENTATION/ use prmz
54 exp MODELS, ANIMAL/ use prmz

55 exp RODENTIA/ use prmz

56 NONHUMAN/ use oemezd

57 exp ANIMAL EXPERIMENT/ use oemezd
58 exp EXPERIMENTAL ANIMAL/ use oemezd
59 ANIMAL MODEL/ use oemezd

60 exp RODENT/ use oemezd

61 (rat or rats or mouse or mice).ti.

62 or/49-61

63 29 not 62

64 remove duplicates from 63

Database: Cochrane Library

Table 7: Last searched on 22 March 2018
#1 MeSH descriptor: [Cerebral Palsy] explode all trees
#2 ((cerebral or brain or central) N2 (pal* or paralys?s or pare?s))
#3 ((hemipleg* or dipleg* or tripleg* or quadripleg* or unilateral*) N5 spastic*)
#4 ((hemipleg* or dipleg* or tripleg* or quadripleg* or unilateral*) N3 ataxi*)
#5 #1 or #2 or #3 or #4
#6 MeSH descriptor: [Muscle Spasticity] explode all trees
#7 MeSH descriptor: [Dystonia] explode all trees
#8 Dystoni* or spastic*
#9 #6 or #7 or #8
#10 MeSH descriptor: [Baclofen] explode all trees
#11 MeSH descriptor: [Botulinum Toxins] explode all trees
#12 MeSH descriptor: [Diazepam] explode all trees
#13 MeSH descriptor: [Cannabinoids] explode all trees
#14 MeSH descriptor: [Acetylcholine Release Inhibitors] explode all trees
#15 MeSH descriptor: [Muscle Relaxants, Central] explode all trees
#16 MeSH descriptor: [Infusion Pumps, Implantable] explode all trees
#17 MeSH descriptor: [Levodopa] explode all trees
#18 MeSH descriptor: [Physical Therapy Modalities] explode all trees

#19 physiotherap* or Botulinum or baclofen or tizanidine or intrathecal pump or gabapentin or
levodopa

#20 MeSH descriptor: [Dantrolene] explode all trees

#21 MeSH descriptor: [Clonazepam] explode all trees

#22 MeSH descriptor: [Pregabalin] explode all trees

#23 MeSH descriptor: [Clonidine] explode all trees

#24 MeSH descriptor: [Trihexyphenidyl] explode all trees

#25 MeSH descriptor: [Rhizotomy] explode all trees

#26 MeSH descriptor: [Splints] explode all trees

#27 MeSH descriptor: [Orthotic Devices] explode all trees

#28 MeSH descriptor: [Deep Brain Stimulation] explode all trees
#29 MeSH descriptor: [Tetrabenazine] explode all trees
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#30 Tetrabenazine or Deep Brain Stimulation or DBS or Splint* or orthotic* or dorsal Rhizotomy
or Trihexyphenidyl or Clonidine or Pregabalin or Clonazepam or Dantrolene or serial cast* or
lycra or splint cast*

#31 #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or
#23 or #24 or #25 or #26 or #27 or #28 or #29 or #30

#32 #5 and #31
#33 #5 and #9
#34 #32 or #33

Database: Web of Science

Table 8: Last searched on 27 March 2018

#5  #4 AND #1

#4  ts=spasticity or ts=spastic* or ts=dystonia or ts=dystoni*

#3  #2 AND #1

#2 ts=physiotherap* or ts=Botulinum or ts=baclofen or ts=tizanidine or ts=intrathecal pump or
ts=gabapentin or ts=levodopa or ts=Muscle Relaxant* or ts=Acetylcholine Release Inhibitor*
or ts=Cannabinoid* or ts=Diazepam or ts=Tetrabenazine or ts=Deep Brain Stimulation or
ts=DBS or ts=Splint* or ts=orthotic* or ts=dorsal Rhizotomy or ts=Trihexyphenidyl or

ts=Clonidine or ts=Pregabalin or ts=Clonazepam or ts=Dantrolene or ts=serial cast* or
ts=lycra or ts=splint cast*

#1  ts=Cerebral Palsy
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Appendix C — Clinical evidence study selection

Clinical evidence study selection for review question A1: Which pharmacological treatments
for spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids, and
botulinum toxin injections) are most effective for improving motor function, participation and
quality of life in adults with cerebral palsy?

Figure 1: Flow diagram of clinical article selection for pharmacological treatments for
spasticity review

Titles and abstracts
identified, N= 2802

: ¢

Full copies retrieved Excluded, N=2720
and assessed for (not relevant population,
eligibility, N=82

design, intervention,
comparison, outcomes,
unable to retrieve)

y

Publications included Publications excluded
in review, N= 3 from review, N=79
(refer to excluded
studies list)
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Appendix D — Clinical evidence tables

Clinical evidence tables for review question A1: Which pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine,
diazepam, cannabinoids, and botulinum toxin injections) are most effective for improving motor function, participation and quality of life in adults

with cerebral palsy?

Table 9: Studies included in the evidence review for pharmacological treatments for spasticity

Study details

Full citation: Giriffiths,
A. P., Sylvester, P. E.,
Clinical trial of diazepam
in adult cerebral palsy,
Annals of Physical
Medicine, Suppl, 25-9,
1964

Ref Id

342472

Countryl/ies where the
study was carried out:
United Kingdom

Study type:
Randomised, double-
blind crossover study

Aim of the study: To
evaluate the spasmolytic
effect of diazepam on a
group of patients
suffering from severe
forms of cerebral palsy

Study dates: not
reported

Participants
Sample size: 50

Characteristics
* 32 women & 18 men

* Mean age: 37 years (SD
not reported)

* Age range: 12 - 73 years
* Range of |Q scores: 76 or
less

Inclusion criteria: not
specified

Exclusion criteria: not
specified

Interventions
Interventions
Diazepam:

* Duration: 6 weeks

* Initial dose: 6 mg

* Increase: 6 mg every
week for four weeks

* Dose maintained at
24 mg for the remaining
two weeks

Control (inactive)
tablets: administered
for 6 weeks
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Methods

Details:

Random allocation
sequence only known
to the pharmacist.
Assessments were
carried out by medical
and nursing staff at the
following time points:
baseline, at the
conclusion of the first
course, and at the
conclusion of the
second course.

Assessments were
conducted using a
form with the following
code: 0 - worse than
on entry on trial; 1 -
same as on entry on
trial; 2 - slightly better
than on entry to trial; 3
- much better than on
entry to trial

Outcomes and
Results

Results:

Muscle tone
(considered as
sitffness):

* Number of patients
becoming slightly
better: 1 after
diazepam, and 1 after
inactive control

* Number of patients
becoming worse: 1
after diazepam

Adverse events (more
than one event was
possible in each
patient):

* Drowsiness: 13
patients

* Anorexia: 4 patients
* Slurring in speech: 2
patients

* Depression: 1
patient

* Vomiting: 1 patient

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity FINAL (January 2019)

Comments

Limitations:

Definition of muscle
tone as stiffness
might not be
appropriate

Other information:
additional
information sought
by outcome
assessors included
involuntary
movements,
walking, feeding,
speech and
swallowing,
dressing, sphincter
control, and
behaviour



FINAL

Management of abnormal muscle tone in adults aged 19 and over with cerebral palsy, including spasticity and associated movement disorders such as

dystonia

Study details

Source of funding: not
declared

Full citation:

Maanum,G.,
Jahnsen,R.,
Stanghelle,J K.,
Sandvik,L., Keller,A.,
Effects of botulinum
toxin A in ambulant
adults with spastic
cerebral palsy: a
randomized double-blind
placebo controlled-trial,
Journal of Rehabilitation
Medicine, 43, 338-347,
2011

Ref Id

132702

Countryl/ies where the
study was carried out:
Norway

Study type: single-
centre, double-blind,
placebo-controlled,
randomised clinical trial

Participants

Sample size: 66 (33
received injections of
Botulinum toxin A; 33
received placebo)

Characteristics:

Men/Women: Placebo —
16/17; BoNT-A 14/19

Mean age (SD): Placebo —
38.4(12.1); BoNT-A
36.2(10.6)

CP Unilateral/Bilateral:
Placebo — 14/19; BoNT-A —
16/17

GMFCS Level |
(Present/adolescence):
Placebo — 4/15; BoNT-A —
5/15

GMFCS Level Il —
(Present/adolescence):
24/17; 24/18

GMFCS Level Il -
(Present/adolescence):
Placebo — 5/1; BoNT-A —
4/0

Interventions

Interventions

* Intervention: a dilution
of 50 U/ml of Botox®
(Purified Neurotoxin
Complex, Allergan,
Inc., Irvine, CA, USA).

* Placebo: 0.9% saline

Both treatments were
prepared by a nurse
and a pharmacists in 2
ml syringes

All injections were
performed by the same
physician using
electromiography and
electrical stimulation to
confirm the presence of
abnormal muscle
activity and to guide the
injections

Dosing was based on
2002 Guidelines
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Methods

Details:

Potential participants
were assessed by a
multidisciplinary team
through standardised
clinical history-taking,
clinical examination,
and visual observation
of gait

Those eligible to
participate, and who
completed the
informed consent form,
underwent baseline
assessment (where
treatment goals were
defined)

Intramuscular
injections were
administered within a
week of the baseline
assessment

Outcomes and
Results

« Faint localised rash:
1 patient

* Vomiting: 3 patients
» Aggressive
tendencies: 2 patients

Number of patients
withdrawn from the
study due to adverse
events: 8

Results:

Outcomes were
measured at baseline,
week 8 and week 16.
However, data for
week 16 were not
reported by the
authors

Domains of the
Norwegian version of
the Short Form 36
(Mean(SD)):

Mental health:
Placebo: 77.7(16.8)
baseline; 79.3(15.9)
week 8

BONT-A: 74.4(14.6)
baseline; 78.5(15.0)
week 8

Vitality:

Placebo: 51.5(22.8)
baseline; 56.5(22.6)
week 8

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity FINAL (January 2019)
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Limitations: Power
calculation was
based on
assumptions of
kinematic SDs in
previous
publications on
BoNT-A
interventions in
children with
cerebral palsy.
Relatively wide
confidence
intervals for the SF-
36
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Study details

Aim of the study: To
assess the short-term
effects of botulinum
toxin A in ambulant
adults with spastic
cerebral palsy

Study dates: November
2006 - January 2009

Source of funding:
East Regional Health
Administration and
Sunnaas Rehabilitation
Hospital (grant number
206 24 503)

Participants

Inclusion criteria

* Spastic cerebral palsy
(unilateral or bilateral)

* Hypertonicity in lower-
extremity muscle group(s)
* Age between 18 and 65
years

» Gross Motor Function
Classification System
(GMFCS) levels | - 111

* Decreased walking
compared with
adolescence

» Walking without aids for a
minimum of 20 minutes

+ Gait characterised by
functional equinus and/or
pathological knee
extension or flexion
strategy

* No changes in other
treatments during the study
period

Exclusion criteria

» Cognitive impairment
* Pregnancy or planning
pregnancy

* Botulinum Toxin A
treatment in the last 6
months

* Orthopaedic surgery in
the last 18 months

Interventions
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Methods

Post-treatment was
conducted 8 weeks
after the injections

Outcomes and
Results

BoNT-A: 45.2(15.5)
baseline; 51.2(21.9)
week 8

Bodily pain:
Placebo: 64.8(22.1)
baseline; 72.9(24.1)
week 8

BONT-A: 54.4(24.7)
baseline; 61.0(23.6)
week 8

General health:
Placebo: 63.5(18.9)
baseline; 67.6(19.2)
week 8

BoNT-A: 59.8(22.9)
baseline; 60.3(22.8)
week 8

Social function:
Placebo: 83.3(17.9)
baseline; 84.1(20.8)
week 8

BoNT-A: 80.1(18.7)
baseline; 85.6(15.9)
week 8

Physical function:
Placebo: 64.9(17.8)
baseline; 68.8(20.0)
week 8

BoNT-A: 67.8(20.7)
baseline; 69.7(17.5)
week 8

Role physical:
Placebo: 54.6(42.1)
baseline; 63.6(39.6)
week 8

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity FINAL (January 2019)
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Study details

Participants

» Musculoskeletal
pathology with no indication
for Botulinum Toxin A
treatment

+ Other diseases that can
affect the level of physical
function (rheumatoid,
neurological, psychological)
* New treatment in the past
4 weeks which affects the
musculoskeletal system
(pain-killers, acupuncture,
physical therapy, fitness
training)

Interventions
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Methods

Outcomes and
Results

BoNT-A: 43.8(39.1)
baseline; 46.9(40.0)
week 8

Role emotional:
Placebo: 77.8(36.0)
baseline; 79.8(33.3)
week 8

BoNT-A: 69.8(39.1)
baseline; 82.3(29.3)
week 8

Muscle
stiffness/spasticity
(muscle tone
measured through a 0
-100 mm visual
analogue scale):
Placebo: 45.8(22.7)
baseline; 40.7(21.0)
week 8

BoNT-A: 41.5(24.9)

baseline; 28.6(21.6)
week 8

6-minute walk test
(motor function):
Placebo: 493.4(74.7)
baseline; 504.4(69.2)
week 8

BoNT-A: 495.1(92.1)
baseline; 514.5(94.8)
week 8

Timed Up and Go
(motor function:

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity FINAL (January 2019)
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dystonia

Study details

Full citation: Marchiori,
C., Roche, N., Vuillerme,
N., Zory, R., Pradon, D.,
Effect of multisite
botulinum toxin
injections on gait quality
in adults with cerebral
palsy, Disability &
Rehabilitation, 36, 1971-
4,2014

Ref Id
342716

Countryl/ies where the
study was carried out:
France

Participants

Sample size: 23

Characteristics
* Men/women: 10/13

* Mean age (SD): 24.6 (7)
» Age range: 18 - 36 years
* Mean height: 163.8 cm

* Mean weight: 57.1

Interventions

Interventions

Botox® (Purified
Neurotoxin Complex,
Allergan, Inc., Irvine,
CA): 50 U/ml

Injections were carried
out under guidance of
electrical stimulation

Between 2 and 10
different muscles were
injected in each
participant
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Methods

Details

Study protocol involved
three visits:

* Baseline

* Administration of
botulinum toxin
injections

* Follow-up one month
after injection

Outcomes and
Results

Placebo: 7.4(2.6)
baseline; 7.3(2.6)
week 8
BoNT-A: 7.3(1.9)
baseline; 6.9(2.0)
week 8

Number of
participants
perceiving a positive
treatment effect on a
three-point verbal
Global Scale:
Placebo: 9
participants
BoNT-A: 19
participants

Results

Mean Gait Deviation
Index (GDI) score:
65.2 pre-treatment;
62.0 post treatment
(the SD was not
reported by the
authors)

Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity FINAL (January 2019)

Comments

Limitations:
The control group
consisted of
healthy individuals

Other information:
kinematics (angle
joints) were also
assessed in this
study
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Study type: Controlled
before and after study
(control was a group of
healthy individuals).

Aim of the study: To
evaluate the effects of a
single multi-site
botulinum toxin
injections on
spatiotemporal
parameters and
kinematic parameters of
adults with cerebral
palsy.

To determine if the Gait
Deviation Index can be
used to detect global
changes in gait following
this therapeutic
approach.

Study dates: not
reported

Source of funding: not
declared
BoNT-A: botulinum toxin A; GDI: gait deviation index; GMFCS: Gross Motor Function Classification System; IQ: intelligence quotient; SD: standard deviation
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Appendix E — Forest plots
Forest plots for review question A1: Which pharmacological treatments for spasticity (for
example, enteral baclofen, tizanidine, diazepam, cannabinoids, and botulinum toxin

injections) are most effective for improving motor function, participation and quality of life in
adults with cerebral palsy?

Comparison 1: Botulinum toxin A versus no treatment or placebo

Figure 2: Motor function: 6 minute Walk Test

Botulinum toxin A Placebo Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total IV, Fixed, 95% CI IV, Fixed, 95% CI
Maanum 2011 7.9 B.2655 32 33 TO0[F8.30 2410
100 -50 0 an 100

Favours placebo  Favours botulinum toxin A

ClI: confidence interval; IV: inverse variance; SD: standard deviation; SE: standard error

Figure 3: Motor function: Timed Up and Go

Botulinum toxin A Placebo Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total IV, Fixed, 95% CI IV, Fixed, 95% CI
Maanum 2011 -0.21 0.198 32 33 -0.21[0.60,0.18]
| , ,
-10 -5 i ] 10

Favours botulinum toxin A Favours placebo

ClI: confidence interval; IV: inverse variance; SD: standard deviation; SE: standard error

Figure 4: Muscle tone

Botulinum toxin A Placebo  Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total IV, Fixed, 95% CI IV, Fixed, 95% CI
Maanum 2011 -9.6 46429 32 33 -8.60[18.70,-0.50]
| , |
100 -50 ] 50 100

Favours botulinum toxin - Favours placebo

Cl: confidence interval; IV: inverse variance; SD: standard deviation; SE: standard error
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Figure 5: Health related quality of life (SF-36)

Botulinum toxin A Placeho  Mean Difference

Mean Difference

Study or Subgroup  Mean Difference SE Total Total IV, Fixed, 95% CI IV, Fixed, 95% CI

3.4.1 Mental health

Maanum 2011 1.4 29592 32 33 1.40 [-4.40, 7.20] b L

3.4.2 Vitality

Maanum 2011 -0.27 384149 32 33 -0.27 [-7.80, 7.26] — i

3.4.3 Bodily pain

Maanum 2011 -4.4 43368 32 33 -4.40[12.80,4.10] — 7

3.4.4 General health

Maanum 2011 -4.7 36215 32 33 -4.70[11.80, 2.40) —t T

3.4.5 Social function

Mazanum 2011 34 37756 32 33 3.40[4.00,10.80] b

3.4.6 Physical function

Mazanum 2011 -1.2 32654 32 33 -1.20 [-7.60, 5.20] ——

3.4.7 Role physical

Maznurn 2011 -11.6 8.9287 32 33 -11.60 F29.10, 5.90] S E—

3.4.8 Role emotional

Maznurn 2011 57 7F.0409 32 33 570[810,19.50] e E—
I t } |
-50 -25 0 25 a0

Favours placeho  Favours botulinum toxin A

Cl: confidence interval; IV: inverse variance; SD: standard deviation; SE: standard error; SF-36: 36-Item Short

Form Health Survey

Figure 6: Patient reported satisfaction

Botulinum toxin A Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Maanum 2011 19 32 q 33 2181186, 4.07] —
0.01 01 10 100

ClI: confidence interval; M-H: Mantel-Haenszel
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dystonia

Appendix F — GRADE tables

GRADE tables for review question A1: Which pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine, diazepam,
cannabinoids, and botulinum toxin injections) are most effective for improving motor function, participation and quality of life in adults with
cerebral palsy?

Table 10: Clinical evidence profile: Comparison 1: Botulinum toxin A injection versus no treatment or placebo

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 7.9 LOW CRITICAL
trials serious m higher
(8.3
lower to
24 .1
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 0.21 LOW CRITICAL
trials serious min
lower
(0.6
lower to
0.2
higher)

1 Observation Serious Not serious Serious?* Serious? None The authors observed a mean reduction of VERY CRITICAL
al studies ¢ 3.2 points (p = 0.02) in the Gait Deviation LOW
Index (which did not meet the minimally
clinical important difference of 4 points)
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between pre- and post-assessment. The
95% CI were not reported

1 Randomised Not Not serious Serious’ Serious? None 32 33 - MD 9.6 LOW CRITICAL
trials serious lower
(18.7
lower to
1.2
lower)

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 1.4 LOW CRITICAL
trials serious higher
(4.4.
lower to
7.2
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 0.27 LOW CRITICAL
trials serious lower
(7.8
lower to
7.7
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 4.4 LOW CRITICAL

trials serious lower
(12.9
lower to
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hlgher)

1 Randomised Not Not serious Serious’ Serious? None 32 33 - MD 4.7 LOW CRITICAL
trials serious lower
(11.8
lower to
2.4
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 - - MD 3.4 LOW CRITICAL
trials serious higher
4.0
lower to
10.9
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 -- MD1.2 LOW CRITICAL
trials serious lower
(7.6
lower to
5.2
higher)

1 Randomised Not Not serious Serious' Serious? None 32 33 - MD 11.6 LOW CRITICAL

trials serious lower
(29.1
lower to
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hlgher)

1 Randomised Not Not serious Serious’ Serious? None 32 33 - MD 5.7 LOW CRITICAL
trials serious higher
(8.1
lower to
19.5
higher)

- - - - = = - - - - - - CRITICAL

1 Randomised Not Not serious Serious’ Serious? None 19/32 9/33 RR 322 LOW IMPORTAN
trials serious (59.4%) (27.3%) 2.18 more T
(1.16to  per
4.07) 1,000
(from 44
more to
837
more)

- - - - o = = - - - - - IMPORTAN
T

Cl: confidence interval; MD: mean difference; RR: relative risk.

Downgraded for serious indirectness as the participants were highly functioning adults with cerebral palsy. Patients with cognitive impairment were excluded from this study
Downgraded for serious imprecision due to sample size < 400 or number of events < 300

Downgraded for serious risk of bias due to the risk of selective reporting identified in this study

Downgraded for serious indirectness as the control participants in this before and after study were healthy participants

Rowbd=~
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Table 11: Clinical evidence profile: Comparison 2: oral diazepam versus placebo

- - - - - = - - - - - - CRITICAL

1 Observation  Not Not serious Serious’ Serious? None The authors identified 1 participant who VERY CRITICAL
al studies seriou became slightly better after receiving LOW
S Diazepam, and 1 participant who became

slightly better after receiving the control
(inactive) tablet

- - - - - - - - - - - - CRITICAL
1 Observation  Not Not serious Serious’ Serious? None Drowsiness was reported in 13 patients, VERY CRITICAL
al studies seriou anorexia in 4, slurring of speech in 2, LOW
S depression in 1, vomiting in 4, abdominal
pain in 1, aggressive tendencies in 2, and
a faint localised rash in 1. Each patient
could have experienced more than one
adverse event (however, this was not
reported)
- - - - - - - - - - - - IMPORTAN
T
- - - - - - - - - - - - IMPORTAN
T

ClI: confidence interval.
1. Downgraded for serious indirectness as the authors recruited some of the “most severely affected” patients for this study
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2. Downgraded for serious imprecision due to small sample size < 400 or number of events < 300 and the authors not implementing appropriate inferential statistical tests
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Appendix G — Economic evidence study selection

Economic evidence study selection for review question A1: Which pharmacological
treatments for spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids,
and botulinum toxin injections) are most effective for improving motor function, participation

and quality of life in adults with cerebral palsy?

No economic evidence was identified for this review.

43
Cerebral palsy in adults: evidence reviews for pharmacological management of spasticity

FINAL (January 2019)



FINAL
Management of abnormal muscle tone in adults aged 19 and over with cerebral palsy, including spasticity and associated movement disorders such as

dystonia

Appendix H — Economic evidence tables

Economic evidence tables for review question A1: Which pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine,
diazepam, cannabinoids, and botulinum toxin injections) are most effective for improving motor function, participation and quality of life in adults

with cerebral palsy?

No economic evidence was identified for this review.
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Appendix | — Health economic evidence profiles

Health economic evidence profiles for review question A1: Which pharmacological
treatments for spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids,
and botulinum toxin injections) are most effective for improving motor function, participation

and quality of life in adults with cerebral palsy?

No economic evidence was identified for this review.
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Appendix J — Health economic analysis

Health economic analysis for review question A1: Which pharmacological treatments for
spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids, and botulinum
toxin injections) are most effective for improving motor function, participation and quality of
life in adults with cerebral palsy?

No economic analysis was included in this review.
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Appendix K — Excluded studies

Clinical and economic lists of excluded studies for review question A1: Which
pharmacological treatments for spasticity (for example, enteral baclofen, tizanidine,
diazepam, cannabinoids, and botulinum toxin injections) are most effective for improving
motor function, participation and quality of life in adults with cerebral palsy?

Clinical studies

Table 12: Excluded clinical studies for pharmacological treatments for spasticity

Ade-Hall, Ruth, Moore, Peter, Botulinum toxin type A in the treatment of = The age range of

lower limb spasticity in cerebral palsy, Cochrane Database of Systematic participants included in

Reviews, 2000 this systematic review
was 0 to 19 years old.
Objective of the
systematic review (as
stated in the full-text
report): "To determine
whether BtA is an
effective and safe
treatment for lower limb
spasticity in children
with cerebral palsy."
Type of participants
considered for inclusion
(as stated in the full text
report): "Eligible trials
must have involved
children (defined, for the
purposes of this review,
as individuals between
the ages of 0 and 19
years old) with CP who
had been treated for
lower limb spasticity.
Trials may be
subdivided according to
type of CP, distribution
of spasticity, severity,
dose of BtA, age at

which BtA

administered."
Agarwal S, Patel T, Shah N, et al (2017). Comparative study of 32 participants out of
therapeutic response to baclofen vs tolperisone in spasticity. 150 reported in the full
Biomedicine & Pharmacotherapy; 87: 628 - 635 text (101 participants

according to an email
received from the
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contact author) had
cerebral palsy (as
opposed to post-stroke
spasticity). Of these,
only 7 were 19 years of
age or older

Alahmar-Bianchin, M., Saraiva-Storti, H. C., Fornari-Chueire, R., Lucato,
R., Prevalence of hand dysfunction in cerebral palsy following botulinum
toxin therapy, Revista De Neurologia, 45, 334-337, 2007

Awaad, Y. M., High dose of botulinum toxin type-A (BTX/A): Safety and
efficacy in patients with cerebral palsy, Movement Disorders, 21, S422-
S422, 2006

Baker, R, Jasinski, M, Maciag-Tymecka, |, Michalowska-Mrozek, J,
Bonikowski, M, Carr, L, MacLean, J, Lin, Jp, Lynch, B, Theologis, T,
Wendorff, J, Eunson, P, Cosgrove, A, Botulinum toxin treatment of
spasticity in diplegic cerebral palsy: a randomized, double-blind, placebo-
controlled, dose-ranging study, Developmental Medicine and Child
Neurology, 44, 666-75, 2002

Baricich,A., Carda,S., Bertoni,M., Maderna,L., Cisari,C., A single-blinded,
randomized pilot study of botulinum toxin type A combined with non-
pharmacological treatment for spastic foot, Journal of Rehabilitation
Medicine, 40, 870-872, 2008

Barnes, M., Schnitzler, A., Medeiros, L., Aguilar, M., Lehnert-Batar, A.,
Minnasch, P., Efficacy and safety of NT 201 for upper limb spasticity of
various etiologies - A randomized parallel-group study, Acta Neurologica
Scandinavica, 122, 295-302, 2010

Beecham, E., Candy, B., Howard, R., McCulloch, R., Laddie, J., Rees,
H., Vickerstaff, V., Bluebond-Langner, M., Jones, L., Pharmacological
interventions for pain in children and adolescents with life-limiting
conditions, Cochrane Database of Systematic Reviews, 3, CD010750,
2015

Bergfeldt, U., Borg, K., Kullander, K., Julin, P., Focal spasticity therapy
with botulinum toxin: effects on function, activities of daily living and pain
in 100 adult patients, Journal of Rehabilitation Medicine, 38, 166-71,
2006
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Cross sectional study.
Mean age of
participants 15.4 years.

Fewer than 50% of
participants were adults
(4 adults out of 22
participants - 18%). In
addition, this was a
case series.

Age range of
participants was 2 to 9
years.

Participants were post-
stroke survivors.

The proportion of
participants with
spasticity due to
cerebral palsy was
below 50% (3.1% in one
arm of the study and
0% in the other)

Age range of
participants was 0 to 18
years.

Proportion of
participants with
cerebral palsy below
50% (41 out of 100
participants). In
addition, the reporting of
outcomes is
inconsistent: total
number of participants
changes with each
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outcome, and it is not
clear whether the
authors are referring to
patients with cerebral
palsy or patients with
other diagnoses.

Bes,A., Eyssette,M., Pierrot-Deseilligny,E., Rohmer,F., Warter,J.M., A
multi-centre, double-blind trial of tizanidine, a new antispastic agent, in
spasticity associated with hemiplegia, Current Medical Research and
Opinion, 10, 709-718, 1988

Blaszczyk, I., Foumani, N. P., Ljungberg, C., Wiberg, M., Questionnaire
about the adverse events and side effects following botulinum toxin A
treatment in patients with cerebral palsy, 7, 4645-4654, 2015

Bresolin,N., Zucca,C., Pecori,A., Efficacy and tolerability of eperisone in
patients with spastic palsy: a cross-over, placebo-controlled dose-
ranging trial, European Review for Medical and Pharmacological
Sciences, 13, 365-370, 2009

Cardoso,E.S., Rodrigues,B.M., Barroso,M., Menezes,C.J., Lucena,R.S.,
Nora,D.B., Melo,A., Botulinum toxin type A for the treatment of the
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Appendix L — Research recommendations

Research recommendations for review question A1: Which pharmacological treatments for
spasticity (for example, enteral baclofen, tizanidine, diazepam, cannabinoids, and botulinum
toxin injections) are most effective for improving motor function, participation and quality of
life in adults with cerebral palsy?

Is guided Botulinum Toxin A injection using electrical localisation (electrical stimulation or
electromyography) of muscles more effective and cost-effective than ultrasound guided or
clinical positioning for localisation of injections in treating focal spasticity in adults with

cerebral palsy?

Table 13: Research recommendation rationale

Importance to
‘patients’ or the
population

Relevance to
NICE guidance

Relevance to the
NHS

National priorities

Current evidence
base

Equality

The procedure does cause some discomfort and may be repeated after some
months. Injection of the wrong muscle is a significant risk without accurate
localisation. It is important that the patient gets maximum benefit from the
procedure. It is preferable if this service is available as close to the person’s
home as possible and skills in localising muscles and equipment may not be
readily available in local injecting centres

Ability to advise clinicians and service managers the most effective way to
deliver the treatment

The drug itself is costly. It does have beneficial effect for this patient group.
This would allow a more cost effective service to be established
Encourage equitable access geographically to an effective service

There is some evidence including a systematic review showing that
ultrasound or muscle stimulation is more accurate in placement of injection
compared to manual identification of muscle in people with spasticity
following stroke. This did not include cost effectiveness

Chan 2017
Clinical Rehabilitation. 2017 Jun;31(6):713-721.

Does the method of botulinum neurotoxin injection for limb spasticity affect
outcomes? A systematic review.

Applies to all adults with cerebral palsy who have focal spasticity

Table 14: Research recommendation modified PICO table

Population

Intervention

Comparator

Adults with cerebral palsy who would benefit from Botulinum Toxin A
Injections for focal spasticity

e Muscle stimulation or EMG guided Botulinum Toxin A Injection
¢ Ultrasound guided Botulinum Toxin Injection

Clinical positioning for localisation for Botulinum Toxin A injection or each
other
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Outcome

Study design

Timeframe
Additional
information

EMG: Electromyography

¢ Reduction in muscle tone at 8 weeks and 4 months

¢ Side effects using patient/carer questionnaire

o Patient acceptability

e Goal attainment score

¢ Time to repeat injection or alternative management

e Frequency of post-infiltration physiotherapy and casting

o Cost per injection episode

Randomised. Assessor of muscle tone would be blinded to technique. Patient
and injector would not be blinded

2 years

Could stratify for upper limb (smaller muscles) and lower limb as there would
be different functional goals.
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