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Cerebral palsy

Neil Wimalasundera,' Valerie L Stevenson?

ABSTRACT

Cerebral palsy has always been known as a
disorder of movement and posture resulting from
a non-progressive injury to the developing brain;
however, more recent definitions allow clinicians
to appreciate more than just the movement
disorder. Accurate classification of cerebral palsy
into distribution, motor type and functional level
has advanced research. It also facilitates
appropriate targeting of interventions to
functional level and more accurate prognosis
prediction. The prevalence of cerebral palsy
remains fairly static at 2-3 per 1000 live births
but there have been some changes in trends for
specific causal groups. Interventions for cerebral
palsy have historically been medical and
physically focused, often with limited evidence to
support their efficacy. The use of more
appropriate outcome measures encompassing
quality of life and participation is helping to
deliver treatments which are more meaningful
for people with cerebral palsy and their carers.

INTRODUCTION

A working party led by Rosenbaum and
Bax in 2005 proposed a definition for
cerebral palsy:

Cerebral palsy describes a group of per-
manent disorders of the development of
movement and posture, causing activity
limitation, that are attributed to non-
progressive disturbances occurring in the
developing fetal or infant brain. Its motor
disorders are often accompanied by distur-
bances of sensation, perception, cogni-
tion, communication and behaviour, by
epilepsy and by secondary musculoskel-
etal problems.’

This holistic approach is reflected in
the way that cerebral palsy is classified,
by motor type and distribution and also
by functional level. Functional descrip-
tors have enabled more meaningful
research into its natural history and
benefit of interventions.

Cerebral palsy has no cure and few
disease-modifying interventions; symptom
management is the mainstay of treatment.
To ensure that interventions have

meaningful outcomes for people with cere-
bral palsy, these must relate to the
International Classification of Functioning,
Disability and Health framework for dis-
ability: body structure, activity and
participation.”

Diagnostics, assessment and interven-
tions have come a long way since 1843,
when William Little described stiffness
associated with contractures in children
with injuries to their developing brains.’
Yet many interventions still have only a
limited evidence base, focusing on body
structure; many measures are taken by
proxy due to communication and learn-
ing difficulties faced by people with cere-
bral palsy.* Life expectancy relates to the
number of comorbidities; a significant
proportion of those with severe
comorbidities live to adult life, and thus
cerebral palsy is an important entity for
the adult physician.’

EPIDEMIOLOGY
Cerebral palsy registries from developed
countries suggest its prevalence is 2-3
per 1000 live births.® The prevalence is
significantly higher in children born pre-
maturely: 40-100 per 1000 live births
for those born below 28 weeks gesta-
tion.® In many surveillance studies, low
birthweight is often quoted rather than
gestational age as it is a more accurate
measure; however, low birthweight often
implies preterm birth. The prevalence of
cerebral palsy in children born at term is
fairly static but its prevalence in those
with low birthweight has fallen and more
recently plateaued.” Due to the increased
survival of more preterm and severely
affected children, the overall prevalence
of cerebral palsy has not changed signifi-
cantly with time.®

Multiple pregnancies are a recognised
risk factor but the data are often con-
founded by gestational age and
birthweight.”

Mclntyre et al'® in 2013 reported 10
risk factors significantly associated with
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cerebral palsy for children born at term: placental
abnormalities, major and minor birth defects, low
birthweight, meconium aspiration, emergency caesar-
ean section, birth asphyxia, neonatal seizures, respira-
tory distress syndrome, hypoglycaemia and neonatal
infections.

PATHOPHYSIOLOGY

The disturbance (injury) to the developing brain may
occur in utero, around the time of delivery, in the
post-neonatal period, or later in early childhood. The
injury often results from hypoxia, infection, stroke or
hypotension, with the subsequent inflammatory
cascade following the original insult.

There is no international consensus on the upper age
limit of brain injury for the definition of postnatal cere-
bral palsy, but in practice, injuries up to the age of
2 years are commonly accepted as being cerebral palsy. It
is important to note, however, that the pattern of injury
and resulting disability can be very different in children
with later-acquired brain injuries. Older children with
acquired brain injury may already have developed skills
such as walking and talking and therefore can build on
these established skills during rehabilitation.

Several causes of cerebral palsy are rare in most
developed countries, such as iodine deficiency, and
rhesus disease leading to kernicterus and maternal
infection.

Contrary to popular belief, hypoxia around the
time of birth in term infants contributes to only
around 10% of cases. To confirm this as a cause, there
also needs to be evidence of encephalopathy
(hypoxic—ischaemic encephalopathy).'!

Around 10% of cerebral palsy is attributable to
post-neonatal causes, including infection, hypogly-
caemia, stroke and trauma, both accidental and
non-accidental.®

Around 80% of cerebral palsy is caused by an in
utero event with brain injury. These can broadly be
divided into three distinct patterns, depending on
when the brain injury occurred (box 1).

Early gestational disturbances, often before
20 weeks, can cause brain maldevelopment as they
interfere with the migration of cells to their final des-
tinations. This may result from infection, hypoxia or
stroke but there are now genetic factors identified that
interact with environmental influences.'* Brain malde-
velopments often result in more severe cerebral palsy
phenotypes involving the whole body with a combin-
ation of spasticity and dystonia, and significant
comorbidities such as epilepsy, dysphagia, cognitive
and communication impairment. (figure 1A-E)

Early mid-trimester injuries (24-32 weeks gestation)
usually result in injury to the periventricular white
matter. At this gestation, the periventricular area has
the most vulnerable blood supply and is therefore
compromised following hypoxia, infection or hypo-
tension. In preterm infants, this area is also susceptible

REVIEW

Box 1 Patterns and causes of brain injury at differ-

ent stages

Early brain injuries resulting in brain maldevelopment

(often before 20 weeks gestation)

» Maternal infection—cytomegalovirus—polymicrogyria

» COL4AT genetic mutations—porencephalic ~ cysts,
schizencephaly

» LIST genetic mutations—lissencephaly

» GPR56 gene—polymicrogyria

Injuries in early/mid-pregnancy (24-32 weeks gestation)

» White matter disease of prematurity (periventricular
leukomalacia)

» Hypoxia, hypotension, sepsis

» Pressure from intraventricular haemorrhage (haemor-
rhagic parenchymal infarction)

Late injuries to the developed brain

» Peripartum asphyxia

» Maternal infection

» Stroke

Post-neonatal brain injuries

» Meningitis/encephalitis

» Stroke

» Trauma—accidental/non-accidental

» Hypoxia—near drowning

to injury following intraventricular haemorrhage and
haemorrhagic parenchymal infarction of the sur-
rounding cortical tissue. Due to the periventricular
anatomy in relation to the homunculus—with leg
fibres passing closest to the ventricle edge—injury to
this area usually results in a leg-dominant spastic
motor pattern (spastic diplegia). The larger the injury
to the white matter the more extensive is the limb
involvement; very extensive lesions involve the optic
radiations affecting oromotor function (figure 2).

Injuries to the brain occurring around the time of
birth (peripartum) can give phenotypes of varying
severity, depending on the duration of the insult. Near
to term, the brain is structurally and vascularly more
robust and therefore injury occurs first in the areas of
highest metabolic activity: this is typically the basal
ganglia. The resulting pattern of cerebral palsy is char-
acteristic: bilateral and dyskinetic (dystonia or chor-
eoathetoid). In some situations other cortical
structures and cognition are preserved. However, fol-
lowing prolonged hypoxia, there may be a mixed
motor pattern with spasticity and dystonia, combined
with significant comorbidities (figure 3).

Strokes, primarily infarcts, may also occur around
the time of birth. Thrombi may form in the venous
circulation and enter the arterial vasculature through
arteriovenous connexions in the fetal circulation. This
often results in middle cerebral artery territory infarc-
tion."® These children present with a unilateral spastic
dystonic pattern, with the arm often more affected
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Figure 1 (A) CT scan of head showing intracranial calcification associated with early cytomegalovirus infection. (B) MR scan of brain
(T2-weighted) showing extensive polymicrogyria typical of a congenital cytomegalovirus infection. (C) MR scan of brain (T2-weighted)
showing lissencephaly, a cerebral maldevelopment often associated with the LIST gene mutation. (D) MR scan of brain (T1-weighted)
showing lissencephaly. (E) MR scan of brain (T1-weighted) showing bilateral open-lipped schizencephaly, which can be associated

with COL4aTl genetic mutation predisposing to early infarcts.

Study
Study

Figure 2 MR scan of brain (T2-weighted) showing
periventricular leukomalacia associated with preterm (24—
32 weeks gestation) injury to the brain.

BEICH
Time:
MRN:

than the leg. Facial weakness and dysphagia are
uncommon due to bilateral innervation in these con-
genital injuries (figure 4).

DIAGNOSING CEREBRAL PALSY

When a clinician meets a person with cerebral palsy
for the first time, the initial thoughts should always
be, ‘How robust is this diagnosis?’ and ‘What is the
cause?’ (box 2). These are particularly important ques-
tions for adult physicians as the person or their family
(or even the medical records) might not remember
appropriate details. Also, many adults with a diagnosis
of cerebral palsy have not had neuroimaging.

Establishing the diagnosis and cause is essential to
enable meaningful decisions regarding management
and prognosis. Clinicians cannot assume that an
expert in cerebral palsy made the original diagnosis,
or that there were appropriate neurometabolic tests
and neuroimaging.

Cerebral palsy is a clinical diagnosis but inter-
national guidelines suggest that the cause should be
investigated with neuroimaging.'* The extent of
further neurometabolic tests to exclude other
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Figure 3 MR scan of brain (T1-weighted) showing bilateral
basal ganglia enhancement associated with hypoxic—ischaemic
injury to the term brain.

potential diagnoses depends on individual presenta-
tions. Around 10% of patients with cerebral palsy
have normal neuroimaging.’” Depending on the clin-
ical context, this may suggest alternative diagnoses
with, for example, hereditary spastic paraparesis. In
reality, however, if the clinical diagnosis of cerebral

Study Date:
Study Time:
MRN:

C605
W1302

Figure 4 MR scan of brain (T2-weighted) showing typical
mature changes following a perinatal middle cerebral artery
infarction.

REVIEW

Box 2 Questions always to ask when establishing

if cerebral palsy is the correct diagnosis

1. Do the clinical and antenatal histories suggest cere-
bral palsy?

2. Do the examination features match the clinical
history?

3. Do the neuroimaging features fit with the clinical
history and physical signs?

4. What is the functional level and does it fit the clinical
pattern?

5. Are there features to
diagnosis?

suggest an alternative

palsy is robust from history and examination and neu-
roimaging is negative, then metabolic testing has a
very low diagnostic yield.'®

The diagnosis of cerebral palsy rests on identifying
and classifying the movement disorder. In some cases
this can be recognised from as early as 5 months by a
standardised assessment of general movements.'”
However, the diagnosis is usually made a little later,
often in the second year of life when there are consist-
ent signs and once neuroimaging is available. In the
early years, the main clinical features may relate more
to feeding than to overt motor difficulty.'®

Ataxic cerebral palsy is an infrequent variant, often
with normal neuroimaging. Many paediatric neurolo-
gists regard it as a diagnosis of exclusion, initially
searching for alternative diagnoses.

CLASSIFICATION OF CEREBRAL PALSY

Despite the most recent definition highlighting that it
is more than a movement disorder, cerebral palsy is
classified by its motor type and distribution. Without
this subclassification, the term cerebral palsy is too
heterogeneous to be useful. Historically, it was
grouped simply into mild, moderate and severe, or
ambulant and non-ambulant, each of which had dif-
ferent meanings to different clinicians around the
world. A significant advance was Palisano et al’s'’
functional motor classification in the mid-1990s.
Classifying by motor type, distribution and functional
level allows comparisons of like groups and more
meaningful outcome studies.

The European surveillance of cerebral palsy group
(SCPE) reviewed data from 16 countries in their
initial epidemiology studies and described the distribu-
tion of limb involvement as unilateral or bilateral.®
This terminology is now superseding terms such as
hemiplegia, diplegia and quadriplegia as a more
robust description of distribution.

The motor type is then described as spastic, dyski-
netic (dystonia, chorea and athetosis), ataxic and
mixed pattern® ® (box 3).
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Box 3 Physical classification of tone and move-
ment disorders in cerebral palsy, as recommended

by surveillance of cerebral palsy in Europe collabor-
ation® '®

Topographical (distributional) description for spastic cere-
bral palsy

» Unilateral

» Bilateral

Classifications of tone and movement abnormality
Spastic (85%—90% of cerebral palsy is spastic; one-third
is unilateral, two-thirds are bilateral)

Velocity-dependent increased tone with hyper-reflexia
and upper motor neuron signs

Tone increased but not necessarily constantly

Dyskinetic (7% of cerebral palsy)

Recurring, uncontrolled and involuntary movements that
may be stereotyped

Tone abnormality varies

Dyskinetic cerebral palsy may be:

Dystonic—characterised by hypokinesia (reduced activity)

and hypertonia (increased tone) resulting in stiff
movements
Choreoathetotic—characterised by hyperkinesia

(increased activity) and hypotonia (reduced tone) result-
ing in uncoordinated writhing and jerky movements
Ataxic (4% of cerebral palsy)

Generalised hypotonia with loss of muscle coordination
—characterised by abnormal force, rhythm and control
or accuracy of movement

Mixed forms

No single tone abnormality and movement disorder pre-
dominates. The most common mixed type has a combin-
ation of spasticity with dyskinesia.

Topographical and motor classifications do not give
a sense of activity or participation; this is a clear
advantage of functional classifications. The gross
motor function classification system (GMEFCS)
measure is age-dependent and describes five groups
according to the patient’s level of mobility.'” Level 1
indicates the person has minimal disability and level 5
indicates total dependence on equipment or carers to
maintain posture (figure 5). The levels are independ-
ent of the cerebral palsy motor type and distribution.
They do not indicate the quality of movement but
simply the main way that the person mobilises. There
are similar classifications for upper limb function,
including the manual ability classification system;
again level 1 indicates independence and level 5 indi-
cates no hand function.*”

The gross motor function measure scores physical
activity, looking at activities such as rolling, walking,
running and jumping. Gross motor curves have been
developed from these scores for children at different
GMFCS levels.”! These graphs identify at what age

there is peak motor function. For GMFCS level 1,
90% of potential motor development occurs at
around 5 years; 4.5 years for level 2; 3.75 years for
level 3; 3.5 years for level 4 and 2.75 years for level
5. Motor ability plateaus in the years after this, sooner
in the more severe GMFCS levels, so this information
can help to give a prognosis for walking. For example,
a child with cerebral palsy aged 4 and GMFCS level 4
is unlikely to achieve independent walking in later

life.

TREATMENT OF CEREBRAL PALSY

There are no ‘cures’, and symptom management is the
mainstay of treatment, maximising developmental
potential and minimising musculoskeletal deformity.
The goal of any intervention is to modify the course
of the disease but there are very few interventions in
cerebral palsy with good evidence to support them.”

Improved antenatal and neonatal care have contrib-
uted to reduced severity of cerebral palsy in developed
countries. There is good evidence that postnatal head
cooling following hypoxic—ischaemic injury in term
infants can improve survival and disability out-
comes.”” This is now common practice in the UK.

There are current stem cell trials in cerebral palsy
management, targeting both the acute injury and also
later in life. The evidence is only anecdotal at this
stage, despite many services around world offering
this treatment.”’

All interventions offered to people with cerebral
palsy should be done within the framework of the
international classification of functioning, disability
and health® (figure 6). Most interventions focus on
body structure (eg, spasticity, contracture) but the
most meaningful treatments then affect activity (eg,
walking or running) and, most importantly, participa-
tion (facilitating social and employment engagement).
The outcomes that clinicians regard as important are
often not those that are important to people with
cerebral palsy and their families.**

Treatments are generally matched to the GMFCS
levels: mobility is a priority for the more able popula-
tion, whereas posture, feeding, sleep and pain man-
agement are important to those more severely
involved. For more severely involved patients with
limited communication ability, clinicians should adopt
a screening approach (box 4).

Novak et al® systematically reviewed the evidence
for interventions in cerebral palsy; of the 64 discrete
interventions, 24% were effective, 70% had uncertain
effects with outcomes requiring close measurement
and 6% were ineffective. Importantly, the effective
interventions had evidence of benefit only at the body
structure or activity levels of the International
Classification of Functioning, Disability and Health,
and not in participation. Clinicians should remember
that, first, the lack of evidence for an intervention in
this context does not necessarily mean lack of benefit

188 Wimalasundera N, Stevenson VL. Pract Neurol 2016;16:184—194. doi:10.1136/practneurol-2015-001184


http://pn.bmj.com/
http://group.bmj.com
camen
Resaltado

camen
Resaltado


Downloaded from http://pn.bmj.com/ on October 8, 2017 - Published by group.bmj.com

REVIEW

GMFCS for children aged 6-12 years:
Descriptors and illustrations

GMFCS Level |

Children walk indoors and outdoors and climb stairs
without limitation. Children perform gross motor skills
including running and jumping, but speed, balance and
coordination are impaired.

GMFCS Level Il

Children walk indoors and outdoors and climb stairs
holding onto a railing but experience limitations
walking on uneven surfaces and inclines and walking
in crowds or confined spaces and with long distances.

GMFCS Level 1lI

Children walk indoors or outdoors on a level surface
with an assistive mobility device and may climb stairs
holding onto a railing. Children may use wheelchair
mobility when traveling for long distances or outdoors
on uneven terrain.

GMFCS Level IV

Children use methods of mobility that usually require
adult assistance. They may continue to walk for short
distances with physical assistance at home but rely
more on wheeled mobility (pushed by an adult or
operate a powered chair) outdoors, at school and

in the community.

GMFCS Level V

Physical impairment restricts voluntary control of
movement and the ability to maintain antigravity head
and trunk postures. All areas of motor function are
limited. Children have no means of independent
mobility and are transported by an adult.

Illustrations copyright © Kerr Graham, Bill Reid and Adrienne Harvey, The Royal Children’s Hospital, Melbourne ERC: 070288

Figure 5 Gross motor function classification system to classify how a child with cerebral palsy mobilises and are classified according

to age."?

and second, activity, participation and quality of life
are the ultimate goals for any intervention.

The UK’s National Institute of Health and Care
Excellence (NICE) is currently developing guidelines
for cerebral palsy management and already has guid-
ance for spasticity management in childhood static
brain injury.?’

The treatment strategies for paediatric spasticity and
dystonia are similar to adult practice but with notable
nuances (box 5). In adult practice, if generalised or
lower limb spasticity persists despite oral treatments,
clinicians might consider intrathecal baclofen.
However, in paediatric practice, this is usually
reserved for severely affected patients with GMFCS of

4 or 5. Selective dorsal rhizotomy may be better for
managing leg spasticity in bilateral spastic cerebral
palsy (GMFCS level 2-4); this involves surgically div-
iding 50%-60% of the afferent sensory rootlets
between L2 and S1. Park and Johnston have devel-
oped a newer minimally invasive technique for select-
ive dorsal rhizotomy which has many fewer spinal
orthopaedic complications and problems of long-term
sensory or bowel and bladder disturbance.*®

In 2014, NHS England commissioned five centres
to provide selective dorsal rhizotomy in a 2-year
evaluation project. We are collecting prospective data
on spasticity, function and quality of life, before and
after the procedure. International data suggest that

Wimalasundera N, Stevenson VL. Pract Neurol 2016;16:184—194. doi:10.1136/practneurol-2015-001184

189


http://pn.bmj.com/
http://group.bmj.com
camen
Resaltado


Downloaded from http://pn.bmj.com/ on October 8, 2017 - Published by group.bmj.com

REVIEW

Health condition

(disorder or disease)

BodyFunctions ¢ 5 Activity ¢y  Participation
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Factors Factors

Contextual factors

Figure 6 WHO. International classification of impairment,
activity, and participation.? Does the intervention at the body/
structure level affect activity and participation?.

selective dorsal rhizotomy successfully reduces spasti-
city in the long term and improves gross motor func-
tion in children (GMFCS level 2 and level 3) in both
the short and longer term.?” It also reduces the ortho-
paedic needs of children with cerebral palsy.””

PRESENTING PROBLEMS FOR THE ADULT
NEUROLOGIST

Is the diagnosis correct and has there been a deterioration
in function?

Although transition to adult services is improving,
many young people with cerebral palsy unfortunately

Box 4 Screening areas for people with severe cere-

bral palsy and significant learning or communication
impairment

1. Mobility and posture—standing, seating and lying
tolerance, including equipment and orthotics—spe-
cific questioning regarding hip subluxation, kyphos-

coliosis, hoisting and need for orthopaedic
involvement

2. Dressing and hygiene—range of movement in legs
and arms

Pain—dental, spasms, bone and joint-related

Respiratory status and drooling

Sleep pattern, quantity and quality

Gastrointestinal—gastro-oesophageal reflux,

constipation

7. Feeding—nutritional adequacy, aspiration risk, fluid
intake, bone health

8. Caregivers burden and concerns—stress, environ-
ment (adaptations), access to equipment including
mobility aids and respite

9. Occupation—activity and participation
individual

10. Adequate tone management—spasticity, dystonia,

oral medications, botulinum toxin and intrathecal

baclofen.

en G o5 Y

of the

Box 5 Hypertonia management in childhood

Oral medications

» Baclofen (s/d)

Diazepam (s/d)

Tizanidine (s)

Dantrolene (s) (rarely used in paediatrics due to

adverse events—liver)

L-dopa (d) (not very effective in paediatric secondary

ds)

» Trihexyphenidyl (d) (first line for secondary d)

» Gabapentin (d) (increasingly used in difficult to
control d)

» Tetrabenazine (d) (rarely used in paediatrics due to
adverse events—mood)

vVYVvyy

v

Injectable (focal treatments)

» Botulinum toxin A (s/d) (intramuscular injection—
useful for all muscles)

» Ethanol (s/d) (intramuscular injection—used in larger
muscles)

» Phenol (s/d) (nerve block (ablation)—effective for
larger muscle groups for example, adductors; obtur-
ator nerve)

» In the UK, botulinum toxin and intrathecal baclofen
have superseded ethanol and phenol

Surgical treatments

> Orthopaedic (s/d) (muscle and tendon lengthening,
transfers, disconnection)

> Intrathecal baclofen (s/d) (d needs higher doses—
may exacerbate hyperkinesia)

» Selective dorsal rhizotomy (s) (only effective for s in
legs)

> Deep brain stimulation (d) (more effective in paediat-
ric primary ds than in secondary ds)

» d, dystonia; s, spasticity

lose touch with health professionals during this time,
sometimes due to lack of available specialist services
and due to the pressures of normal adolescence and
adult life. People with cerebral palsy therefore may
not transition to adult services as expected when
leaving paediatric services but may present to adult
physicians only much later, often when things are
going wrong.

The initial diagnosis may have been made at a very
young age, often without neuroimaging; thus, the
clinician should always reassess the diagnosis when
meeting a person with cerebral palsy for the first time.
Box 6 outlines potential clues to alternative diagnosis.

Even though cerebral palsy results from a non-
progressive disturbance to the developing brain, the
clinical signs and level of disability may change over
time. This is not surprising considering the
consequence of long-standing hypertonia, abnormal
skeletal development and contracture formation.

190
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Box 6 Features suggesting an alternative diagnosis

to cerebral palsy

1. The history does not suggest a cause. For example,
born at term but spastic diplegic pattern; no definite
antenatal, perinatal or postnatal history of brain
injury.

2. Pure signs, that is, pure dystonia or pure spasticity. For
example, spinal cord lesions, hereditary spastic para-
paresis, metabolic disorders; glutaric aciduria and
mitochondrial disorders. Cerebral palsy often has a
dominant motor type but usually there is a mixture of
motor signs and often subtle arm involvement in leg
dominant patterns. This is due to the ‘crude’ cause of
the original brain injury.

3. Deteriorating or fluctuant course. For example,
dopa-responsive dystonia; Segawa disease, primary dys-
tonias, neurometabolic conditions; Wilson's disease,
glucose transport protein 1 deficiency syndrome, neuro-
degeneration with brain iron accumulation; pantothen-
ate kinase-associated neurodegeneration.

4. Diurnal variation in motor symptoms. For example,
Segawa disease.

5. Strong family history. For example, primary dystonias:
DYT1, hereditary spastic paraparesis, neurometabolic
and mitochondrial disorders.

6. Dysmorphic features. For example, genetic (Angelman
syndrome, Allan—Herndon—Dudley syndrome); or meta-
bolic (molybdenum cofactor deficiency (lens disloca-
tion), Lesch—Nyhan (self-mutilation), storage disorders
(lysosomal)).

7. Functional level not in keeping with motor classifica-
tion and distribution may imply more cognitive impair-
ment than physical impairment.

8. Neuroimaging not consistent with clinical history or
examination. For example, normal brain or spine MR
scan, specific patterns for example, pontocerebellar
hypoplasia, iron deposition in basal ganglia, progres-
sive MR changes; Pelizaeus—Merzbacher disease.

Musculoskeletal deformity leads to biomechanical dis-
advantage and more energy inefficient gait patterns,
such as crouch gait. These changes, combined with
increase in height, weight and the natural age-related
decline in muscle power, further reduce mobility
(figure 7).

This decline begins as early as age 8.5 years of age
in children with GMFCS level 3-5.%® Despite the
decline in motor function, the person generally stays
at the same GMFCS level: any absolute change in
GMEFCS level may indicate an alternative progressive
diagnosis.

In the more severe subtypes of cerebral palsy, espe-
cially those with feeding difficulties, low bone density
can become problematic with advancing age.
Low-impact fractures may even arise from normal

REVIEW
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Figure 7 Progressive hip subluxation in a child with bilateral
spastic cerebral palsy gross motor function classification system
level 4 resulting in progressive reduction in mobility and pain
(children with cerebral palsy have regular hip surveillance
X-rays?°).

handling and care. Low bone density develops
through a combination of factors, including poor
nutrition, inadequate sunlight exposure, antiepileptic
medication and immobility with poor weight bearing
in standing. Patients need their bone health monitored
with biochemical markers such as serum vitamin D
concentrations and, especially following fractures,
bone density measurements. Patients may need
bisphosphonates if low bone density has led to a
fracture.

Accurate diagnosis and classification, combined with
an understanding of the natural history, allow a clin-
ician to differentiate cerebral palsy from genuine pro-
gressive conditions.

If there is any decline in domains such as cognition,
vision, communication or new motor patterns, then
the person should be reassessed for a possible
all-encompassing neurodegenerative condition or a
secondary diagnosis.

Cervical myelopathy in dyskinetic (dystonic or chor-
eoathetoid) cerebral palsy is something of which the
adult physician should be particularly aware. Due to
constant movement, the cervical cord is susceptible to
injury: the person may present with worsening spasti-
city, bowel or bladder dysfunction, paraesthesias or
weakness. These patients need cervical cord imaging
and possible referral to a neurosurgeon for a stabilisa-
tion procedure.”” Due to the pre-existing movement
disorder and sometimes cognitive and communication
difficulties in this population, there is often a delay in
diagnosis.

Tone management in adult cerebral palsy

Although the fundamental principles of tone manage-
ment in children and adults are similar, the treatment
goals may differ. The focus in early childhood may be
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to minimise orthopaedic intervention and to promote
normal development of movement and posture. Input
is often intensive with repeated treatments of botu-
linum toxin, splinting or selective dorsal rhizotomy.
Severely affected children may be helped by deep-
brain stimulation or intrathecal baclofen. In adults,
the shift is more to long-term self-management with
sporadic therapy and medical intervention. Goals are
function-based and not aimed at treating the spasticity
per se.

It is rare in adults to use widespread treatments with
botulinum toxin to more than one limb, due to the
number and size of muscles involved. In this situation,
intrathecal baclofen is preferred and not considered a
last resort; in adult practice, there is a move to use
this in lower levels of disability specifically to improve
or maintain walking.>°

Deep-brain stimulation is used in childhood cerebral
palsy but less commonly in adults; experience in
adults suggests that it can give small improvements in
the level of dystonia but with little impact on func-
tional abilities. This contrasts with the success of
deep-brain stimulation in other conditions, for
example, Parkinson’s disease or primary dystonia.>"

Life expectancy

Life expectancy is clearly very important for people
with more severe cerebral palsy. It is often discussed
with families around the time of diagnosis but not
again, until transition to adult services. Data on life
expectancy vary, depending on the country, but the
statistics are similar among developed countries.*? 3?
What does differ is the method used and the adjust-
ments for temporal effects, such as improved mortal-
ity for the general population or the availability of
specific interventions such as gastrostomy.””

Life expectancy relates to the severity of mental,
manual, ambulatory and visual impairment. It is only
marginally reduced in patients with mild-to-moderate
impairments.” ° Colver et al’ reported that, in the
UK, the survival of people with cerebral palsy alive at
age 2 years with four severe impairments (IQ <S50,
non-ambulant, partially sighted and poor manual
function) is 72% at 10 years, 44% at 20 years, 34% at
30 years and 27% at 40 years.

Table 1

Apart from a recent review of Californian data, there
is no evidence that life expectancy in cerebral palsy is
improving.” ** 33 This may partly relate to improved
survival of very severely impaired children who previ-
ously might have died before having an established
diagnosis. The Californian data suggested that over the
past 30 years there has been improved survival of chil-
dren with very severe disability and improved life
expectancy in adults who are tube-fed.>* *° The
changes were more modest in among adults. This
study stratified life expectancy according to motor
ability and augmented feeding, both in a predictive
manner from 4 years of age and in terms of additional
years for adolescents and adults with cerebral palsy.
Table 1 shows an example of additional life years for
adults with cerebral palsy (male results are provided
without parentheses, and female results are provided
within parentheses in the table).?? *

As with all epidemiological studies on survival,
these figures need adjusting for individual risk factors,
such as scoliosis, hydrocephalus, seizures, cardio-
respiratory status or endocrine insufficiency. It can be
difficult to establish the actual cause of death in cere-
bral palsy as surveillance studies often note that the
cause of death recorded on the death certificate is
‘severe cerebral palsy’.

Management of seizures

Epilepsy is more frequent in children and adults with
cerebral palsy than in the general population. Data
from a meta-analysis involving 1918 children (Ashwal
et al'*) found that 43% (range 35%-629%) of children
with cerebral palsy develop seizures, usually in the
first year of life. In general terms, the more severe and
global the cerebral palsy, the higher is the likelihood
of epilepsy. Children may have generalised-onset or
partial-onset seizures that do not correlate with their
cerebral palsy phenotype. Control of seizures is often
difficult in those with cerebral palsy, who may have
more prolonged seizures and often require multiple
antiepileptic drugs.>’

The aims of seizure management, as in anyone with
epilepsy, are to improve quality of life, reduce seizures
and their associated risks, while avoiding or minimis-
ing medication adverse effects. Pragmatically, clini-
cians must often balance these, accepting that seizure

Additional life expectancy years

Cannot lift head

Current age (years) Tube-fed Fed by others Walks unaided General population
15 14 years (14 years) 18 years (18 years) 52 years (55 years) 61.4 years (66.2 years)
30 14 years (14 years) 19 years (19 years) 39 years (43 years) 47.4 years (51.6 years)
45 12 years (12 years) 14 years (14 years) 25 years (29 years) 33.5 years (37.4 years)
60 7 years (7 years) 10 years (10 years) 15 years (19 years) 21.1 years (24.1 years)
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freedom is not always possible without intolerable
adverse effects.*

There are published guidelines to assist in the antie-
pileptic medication choice in childhood and adult epi-
lepsy.’” Cognitive and behavioural effects are the main
issue with antiepileptic medication; avoiding polyther-
apy, slow titration and using the lowest effective dose
can minimise these. It is extremely important to
monitor such effects, along with seizure frequency
and quality of life. In children with cerebral palsy who
have failed on two or more antiepileptic medications,
it might be worth considering a ketogenic diet.*®

DISCUSSION
Finally, it is worth considering whether the name
‘cerebral palsy’ is appropriate nowadays. Sir William
Osler coined the term in ‘The Cerebral Palsies of
Children’ (1889). The root meaning of ‘palsy’ is ‘par-
alysis’ which clearly does not describe the impairment
in the vast majority of people with cerebral palsy.
Some also question whether the name ‘cerebral palsy’
has a similar stigma to previously used terms such as
referring to a person with cerebral palsy as ‘a spastic’;
indeed the UK cerebral palsy charity ‘Scope’, formerly
called ‘The Spastics Society’ changed its name in
1994.

As we gain further insights into the causes of cere-
bral palsy, it might be possible to replace this generic

» Cerebral palsy is caused by an injury to the develop-
ing brain; the timing of injury determines its type
and associated comorbidities.

» About 80% of cerebral palsy is caused by an in utero
brain injury; only 10% occurs around the time of
birth and 10% occurs in early childhood.

» Injuries in early gestation lead to cortical malforma-
tions and the more severe phenotypes; mid-trimester
injuries (24-32 weeks gestation) may result in a bilat-
eral spastic leg dominant pattern (spastic diplegia)
and injuries at term can cause a dyskinetic pattern.

» Cerebral palsy is classified according to its motor
type, distribution and functional level (gross motor
function classification system (GMFCS)) to facilitate
appropriate intervention and prognostication.

» Clinicians should expect some motor deterioration in
cerebral palsy at GMFCS levels 3, 4 and 5; however,
if the GMFCS level changes or the pattern of deteri-
oration is unexpected, consider an alternative diagno-
sis and repeat neuroimaging.

» There is no cure for cerebral palsy and any interven-
tion should be decided jointly with the patient and
carers, and be directed at improving activity and par-
ticipation; do not underestimate the issues around
communication, pain and sleep.

REVIEW

term for a label that defines its genetic, metabolic or
other causes. However, for now we generally accept
that this term is useful for patients, families and
health professionals. The diagnostic term cerebral
palsy must, however, be used accurately, including a
description of the motor type, the motor distribution,
the functional level (GMFCS) and comorbidities, to
enable the medical, functional and social needs of this
patient group to be properly addressed, through the
use of guidance such as that from NICE.

Contributors NW is the main contributor and author
(researcher) of the paper. VLS was the primary author
(researcher) on the sections on tone management in adult
cerebral palsy and epilepsy management. VLS proofread and
commented on the rest of the document, which was authored
by NW. Both NWand VLS have had no funding assistance with
the production of this paper. NWand VLS have no competing
interests. Both are advisors on the NICE Cerebral Palsy
guidelines group who are currently developing guidelines for
cerebral palsy management. Production of this paper has been
disclosed to the NICE guidelines group.

Competing interests None declared.

Provenance and peer review Not commissioned; externally
peer reviewed. This paper was reviewed by Johann te Water
Naudé, Cardiff, UK.

REFERENCES

1 Bax M, Goldstein M, Rosenbaum B, et al. Executive Committee
for the Definition of Cerebral Palsy. Proposed definition and
classification of cerebral palsy, April 2005. Dev Med Child
Neurol 2005;47:571-6.

2 World Health Organization. International classification of
impairment, activity, and participation. Geneva: WHO, 2001.
(ICIDH-2).

3 Little W, On the nature and course treatment of deformities of
human frame. Being a course of lectures delivered at the Royal
Orthopedic Hospital in 1843 and 1844. London: Longman,
Brown, Green and Longmanns; 1853. Little W Course of
lectures on the deformities of the human frame. Lancet
1843;41:350-4.

4 Novak I, Mclntyre S, Morgan C, et al. A systematic review of
interventions for children with cerebral palsy: state of the
evidence. Dev Med Child Neurol 2013;55:885-910.

5 Hutton JL, Pharoah PO. Life expectancy in severe cerebral
palsy. Arch Dis Child 2006;91:254-8.

6 Surveillance of Cerebral Palsy in Europe (SCPE). Surveillance
of cerebral palsy in Europe: a collaboration of cerebral palsy
surveys and registers. Dev Med Child Neurol 2000;42:
816-24.

7 Sellier E, Surman G, Himmelmann K, et al. Trends in
prevalence of cerebral palsy in children born with a birthweight
of 2500g or over in Europe from 1980 to 1998. Eur |
Epidemiol 2010;25:635-42.

8 Johnson A. Prevalence and characteristics of children with
cerebral palsy in Europe. Dev Med Child Neurol
2002;44:633-40.

9 Colver A, Fairhurst C, Pharoah POD. Cerebral palsy. Lancet
2014;383:1240-9.

10 Mclntyre S, Taitz D, Keogh J, et al. A systematic review of risk
factors for cerebral palsy in children born at term in developed
countries. Dev Med Child Neurol 2013;55:499-508.

Wimalasundera N, Stevenson VL. Pract Neuro/ 2016;16:184—194. doi:10.1136/practneurol-2015-001184 193


http://dx.doi.org/10.1017/S001216220500112X
http://dx.doi.org/10.1017/S001216220500112X
http://dx.doi.org/10.1016/S0140-6736(02)75213-6
http://dx.doi.org/10.1111/dmcn.12246
http://dx.doi.org/10.1136/adc.2005.075002
http://dx.doi.org/10.1007/s10654-010-9474-0
http://dx.doi.org/10.1007/s10654-010-9474-0
http://dx.doi.org/10.1016/S0140-6736(13)61835-8
http://dx.doi.org/10.1111/dmcn.12017
http://pn.bmj.com/
http://group.bmj.com
camen
Resaltado


Downloaded from http://pn.bmj.com/ on October 8, 2017 - Published by group.bmj.com

REVIEW

11

12

Executive summary: Neonatal encephalopathy and neurologic
outcome, second edition. Report of the American College of
Obstetricians and Gynecologists’ Task Force on Neonatal
Encephalopathy. Obstet Gynecol 2014;123:896-901.

Tollanes MC, Wilcox A]J, Lie RT, et al. Familial risk of cerebral
palsy: population based cohort study. BMJ 2014;349:24294.

24

25

opportunities and limitations. Dev Med Child Neurol
2013;55:689-97.

Janssens A, Williams J, Tomlinson R, et al. Health outcomes
for children with neurodisability: what do professionals regard
as primary targets? Arch Dis Child 2014;99:927-32.
Spasticity in children and young people with non-progressive

13 Kirton A, deVeber G. Paediatric stroke: pressing issues and brain disorders: Management of spasticity and co-existing
promising directions. Lancet Neurol 2015;14:92-102. motor disorders and their early musculoskeletal complications

14 Ashwal S, Russman BS, Blasco PA, ez al, Quality Standards NICE guidelines (CG145) July 2012.

Subcommittee of the American Academy of Neurology; 26 Park TS, Johnston JM. Surgical techniques of selective dorsal
Practice Committee of the Child Neurology Society. Practice rhizotomy for spastic cerebral palsy. Technical note. Neurosurg
parameter: diagnostic assessment of the child with cerebral Focus 2006;21:€7.

palsy: report of the Quality Standards Subcommittee of the 27 Dudley RW, Parolin M, Gagnon B, et al. Long-term functional
American Academy of Neurology and the Practice benefits of selective dorsal rhizotomy for spastic cerebral palsy.
Committee of the Child Neurology Society. Neurology J Neurosurg Pediatr 2013;12:142-50.

2004;62:851-63. 28 Hanna SE, Rosenbaum PL, Bartlett DJ, ef al. Stability and

15 Bax M, Tydeman C, Flodmark O. Clinical and MRI correlates decline in gross motor function among children and youth
of cerebral palsy: the European Cerebral Palsy Study. JAMA with cerebral palsy aged 2 to 21 years. Dev Med Child Neurol
20063;296:1602-8. 2009;51:295-302.

16 Leonard JM, Cozens AL, Reid SM, et al. Should children with 29 Jameson Raphael, Rech Celia, Garreau de Loubresse Christian.
cerebral palsy and normal imaging undergo testing for Cervical myelopathy in athetoid and dystonic cerebral palsy:
inherited metabolic disorders? Dev Med Child Neurol retrospective study and literature review. Eur Spine |
2011;53:226-32. 2010;19:706-12.

17 Herskind A, Greisen G, Nielsen JB. Early identification and 30 Sadiq SA, Wang GC. Long-term intrathecal baclofen therapy in
intervention in cerebral palsy. Dev Med Child Neurol ambulatory patients with spasticity. ] Neurol 2006;253:563-9.
2015;57:29-36. 31 Kim AR, Chang JW, Chang WS, et al. Two-Year Outcomes of

18 Sewell MD, Eastwood DM, Wimalasundera N. Managing Deep Brain Stimulation in Adults With Cerebral Palsy. Ann
common symptoms of cerebral palsy in children. BMJ Rehabil Med 2014;38:209-17.
2014;349:g5474. 32 Brooks JC, Strauss D], Shavelle RM, et al. Recent trends in

19 Palisano R, Rosenbaum B Walter S, et al. Development and cerebral palsy survival. Part I: period and cohort effects. Dev
reliability of a system to classify gross motor function in Med Child Neurol 2014;56:1059-64.
children with cerebral palsy. Dev Med Child Neurol 33 Brooks JC, Strauss D], Shavelle RM, et al. Recent trends in
1997;39:214-23. cerebral palsy survival. Part II: individual survival prognosis.

20 Eliasson AC, Krumlinde-Sundholm L, Résblad B, et al. The Dev Med Child Neurol 2014;56:1065-71.

Manual Ability Classification System (MACS) for children with 34 Reid SM. Trends in cerebral palsy survival: are health measures
cerebral palsy: scale development and evidence of validity and really making a difference? Dev Med Child Neurol
reliability. Dev Med Child Neurol 2006;48:549-54. 2014;56:1034-5.

21 Rosenbaum PL, Walter SD, Hanna SE, et al. Prognosis for 35 Eriksson K, Erild T, Kivimiki T, ef al. Evolution of epilepsy in
gross motor function in cerebral palsy: Creation of motor children with mental retardation: five-year experience in 78
development curves. JAMA 2002;288:1357-63. cases. Am | Ment Retard 1998;102:464-72.

22 Jacobs SE, Berg M, Hunt R, et al. Cooling for newborns with 36 Depositario-Cabacar DE, Zelleke TG. Treatment of epilepsy in
hypoxic ischaemic encephalopathy. Cochrane Database Syst Rev developmental disabilities. Dev Disabil Res Rev 2010;16:239-47.
2013;1:CD003311. 37 NICE guidance on The epilepsies: the diagnosis and

23 Ruff CA, Faulkner SD, Fehlings MG. The potential for stem management of the epilepsies in adults and children in primary
cell therapies to have an impact on cerebral palsy: and secondary care. 2012.

194 Wimalasundera N, Stevenson VL. Pract Neurol 2016;16:184—194. doi:10.1136/practneurol-2015-001184


http://dx.doi.org/10.1097/01.AOG.0000445580.65983.d2
http://dx.doi.org/10.1136/bmj.g4294
http://dx.doi.org/10.1016/S1474-4422(14)70227-3
http://dx.doi.org/10.1212/01.WNL.0000117981.35364.1B
http://dx.doi.org/10.1001/jama.296.13.1602
http://dx.doi.org/10.1111/j.1469-8749.2010.03810.x
http://dx.doi.org/10.1111/dmcn.12531
http://dx.doi.org/10.1136/bmj.g5474
http://dx.doi.org/10.1111/j.1469-8749.1997.tb07414.x
http://dx.doi.org/10.1017/S0012162206001162
http://dx.doi.org/10.1001/jama.288.11.1357
http://dx.doi.org/10.1002/14651858.CD003311.pub3
http://dx.doi.org/10.1111/dmcn.12166
http://dx.doi.org/10.1136/archdischild-2013-305803
http://dx.doi.org/10.3171/2013.4.PEDS12539
http://dx.doi.org/10.1111/j.1469-8749.2008.03196.x
http://dx.doi.org/10.1007/s00586-009-1271-7
http://dx.doi.org/10.1007/s00415-005-0060-4
http://dx.doi.org/10.5535/arm.2014.38.2.209
http://dx.doi.org/10.5535/arm.2014.38.2.209
http://dx.doi.org/10.1111/dmcn.12520
http://dx.doi.org/10.1111/dmcn.12520
http://dx.doi.org/10.1111/dmcn.12519
http://dx.doi.org/10.1111/dmcn.12544
http://dx.doi.org/10.1352/0895-8017(1998)102<0464:EOEICW>2.0.CO;2
http://dx.doi.org/10.1002/ddrr.116
http://pn.bmj.com/
http://group.bmj.com

Downloade!

d from http://pn.bmj.com/ on October 8, 2017 - Published by group.bmj.com

Cerebral palsy

Neil Wimalasundera and Valerie L Stevenson

Pract Neurol 2016 16: 184-194 originally published online February 2,
2016

doi: 10.1136/practneurol-2015-001184

Updated information and services can be found at:
http://pn.bmj.com/content/16/3/184

Supplementary
Material

References

Email alerting
service

These include:

Supplementary material can be found at:
http://pn.bmj.com/content/suppl/2016/02/01/practneurol-2015-001184
.DC1

This article cites 34 articles, 4 of which you can access for free at:
http://pn.bmj.com/content/16/3/184#BIBL

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.co

m/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://pn.bmj.com/content/16/3/184
http://pn.bmj.com/content/suppl/2016/02/01/practneurol-2015-001184.DC1
http://pn.bmj.com/content/suppl/2016/02/01/practneurol-2015-001184.DC1
http://pn.bmj.com/content/16/3/184#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://pn.bmj.com/
http://group.bmj.com

	Cerebral palsy
	Abstract
	Introduction
	Epidemiology
	Pathophysiology
	Diagnosing cerebral palsy
	Classification of cerebral palsy
	Treatment of cerebral palsy
	Presenting problems for the adult neurologist
	Is the diagnosis correct and has there been a deterioration in function?
	Tone management in adult cerebral palsy
	Life expectancy
	Management of seizures

	Discussion
	References




