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The Child with Cerebral
Palsy: Diagnosis and Beyond
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Cerebral palsy (CP) is one of the most common conditions we follow in our pediatric
neurology offices. This review will hopefully convince you that the care of children with CP
extends far beyond the diagnosis. The review addresses issues surrounding diagnosis,
coimpairments, prognosis, and family-centeredness of care. It will also deal with routine
office follow-up to prevent or identify complications, management of spasticity and other
morbidities, alternative and complementary therapies, and finally transition.
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s child neurologists, we are often accused of embracing
A the “diagnose and adios” approach. In incurable condi-
tions, such as cerebral palsy (CP), this has been particularly
true. The purpose of this review is to present the many roles
we have in the ongoing care and management of the child
with CP. This starts with the diagnosis but extends far be-
yond. After the diagnosis, our roles include searching for an
etiology, determining the presence of coimpairments, at-
tempting to answer the parents’ questions about their child’s
lifelong condition, and monitoring the child’s progress to be
certain the child reaches their potential.

Diagnosis

CP is “an umbrella term covering a group of nonprogressive,
but often changing, motor impairment syndromes secondary
to lesions or anomalies of the brain arising in the early stages
of its development.”? Central to the definition is nonprogres-
sion. At the initial presentation, many neurodegenerative
conditions may have similar clinical features, particularly in
infancy and early childhood.? When the child is first seen for
diagnosis, the parents may not have appreciated the progres-
sive nature of these conditions, and CP may be misdiagnosed.
Progression will become obvious as the child is followed over
time, which is the first reason not to “adios” after a diagnosis
is given. Another reason for follow-up is that the motor im-
pairments, on which the diagnosis was made, may resolve.
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Nelson and Ellenberg?® reported on a cohort of children fol-
lowed through the National Collaborative Perinatal Project.
Over half of the children believed to have CP at age 1 year
were free of any motor impairment on follow-up at 7 years. In
view of this marked resolution of motor impairment, defini-
tive diagnosis of CP is difficult before 1 to 2 years of age.

There are 2 very different clinical situations in which we
diagnose CP. The first is in the setting of a child known to be
at increased risk for CP and the second, and more difficult, is
making the diagnosis in the absence of any known risk fac-
tors.

Infant at Risk

The incidence of CP is 1.5 to 2.5 per 1,000 live births.* There
are multiple perinatal factors that increase this risk.> Com-
mon clinical situations include the premature infant with an
abnormal cranial ultrasound, the term infant with presumed
perinatal hypoxic-ischemic encephalopathy (HIE), and the
infant with neonatal seizures and a cortical arterial infarct. All
of these infants are at an increased risk for the development of
CP, but how can we determine which infant will be affected
(Table1)?

Prematurity

Premature infants are at an increased risk of CP, and both the
presence and grade of periventricular leukomalacia (PVL)
increase that risk. A recent population-based prospective
study found that 8.2% of children born between 22 and 32
weeks of gestation developed CP.¢ The prevalence increased
with decreasing gestational age, from 4% for infants born at
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Table 1 Factors Associated With Increased Risk for CP

Prematurity
Lower gestational age
Cystic PVL on serial neonatal ultrasounds
PVL on MRI at term
Background depression on early serial EEGs
Term birth asphyxia
Clinical signs of neonatal encephalopathy and/or
seizures (Sarnat Il/11l)
Persistent abnormal background on serial EEGs
Persistent severe background abnormalities (flat,
continuous low voltage, burst-suppression) on aEEG
Abnormal MRI, MRS, DW-MRI, ADC-MRI
Neonatal stroke
Abnormal neurologic examination at neonatal intensive
care unit discharge
Factor V Leiden mutation
Elevated Factor Vllic

32 weeks to 20% in infants born at <27 weeks. Regardless of
gestation, 75% of infants with bilateral cystic PVL developed
CP. It is important to note, however, that 4.4% of children
with normal neonatal ultrasounds also developed CP. There-
fore, because of the higher number of normal ultrasounds,
35% of premature infants who developed CP had normal
neonatal ultrasounds.

Although we certainly need to follow premature infants
with abnormal neonatal ultrasounds to detect CP, what
should we do about the majority of preterm infants with
normal neonatal ultrasounds? Magnetic resonance imaging
(MRU) is difficult to perform on an ill neonate and is most
useful at term, between 38 to 42 weeks, because the posterior
limb of the internal capsule is myelinated after 37 weeks.
Abnormalities in this area have been shown to correlate with
the neurologic outcome for the premature infant. MRI is
more sensitive than ultrasound for determining the extent of
focal white-matter lesions, but studies vary in concluding
whether MRI actually has a better predictive value for clinical
outcome.” A recent study did show that a single MRI at term
had significantly better sensitivity than serial neonatal ultra-
sounds in predicting CP.8

Neonatal electroencephalogram (EEG) abnormalities have
also been reported in premature infants who subsequently
develop CP.° By using serial EEGs, background depression
on days 1 and 2 of life showed the highest correlation with
development of CP. However, there is a very high false-pos-
itive rate. Even with the highest degree of EEG abnormality,
only 50% went on to develop CP.

Currently, all very preterm infants (:::32 weeks gestation)
with abnormal neuroimaging should be considered as having
a high risk for the development of CP. However, even infants
at this gestation with normal imaging, ultrasound, or MRI
have an increased risk compared with term infants. As
the number of surviving premature babies increases, with the
resultant rise in CP, this will become a major resource issue
for child neurology.'® This is especially a concern with the
increasing survival of extremely premature infants. Among
infants <1,000 g, survival has increased from 49% to 67%

with the routine use of surfactant, but for every 18 additional
infants surviving, 11 will have a neurodevelopmental disabil-
ity.1! Marlow and coworkers'? recently reported on a cohort
of infants born between 22 and 25 weeks gestation. No infant
born at 22 weeks survived without impairment. The percent-
ages of infants surviving without impairment at 23, 24 and 25
weeks were 1%, 3%, and 8%, respectively.

Term HIE

In the absence of other identifiable causes, HIE is often in-
ferred as the cause for a child’s CP. Neonatal encephalopathy,
HIE, and intrapartum asphyxia are often used interchange-
ably, although they refer to different clinical situations.?
Neonatal encephalopathy describes the clinical state of the
infant in the first 7 days of life. In 1976, Sarnat and Sarnat4
published a graded system (I-111) to describe infants with
neonatal encephalopathy. The clinical features described
were changes in tone, reflexes, poor state regulation, level of
responsiveness/consciousness, and seizures. In addition to
asphyxia, other conditions may present with many of the
signs and symptoms of neonatal encephalopathy and may be
confused with HIE. These include intrauterine infections,
cerebral dysgenesis, and severe neuromuscular and meta-
bolic disorders. Some of these conditions may also predis-
pose the infant to asphyxia because the infant may already be
neurologically compromised at delivery and will not tolerate
the birth process. HIE specifically refers to a hypoxic/isch-
emic cause for the encephalopathy, usually assumed to have
occurred intrapartum.

Inthe US National Collaborative Perinatal Project, 16% of
the children with CP had a history of neonatal encephalopa-
thy, with the triad of low Apgar scores, neonatal seizures, and
abnormal neonatal signs (altered level of consciousness and
altered tone).1® Infants with this triad had a marked increase
in death, and over 50% of the survivors developed CP. A
recent clinic-based study reported that 21.7% of children
diagnosed with CP had asphyxia as a cause.'® A population-
based study found that 24% of term infants with CP had had
encephalopathy.?” In this study, 13% of survivors of neonatal
encephalopathy developed CP. Thus, as with the premature
infant, it is unclear which infants with asphyxia need to be
followed after hospital discharge. Similarly, it is unclear how
the parents of these children should be counseled. Infants
with the triad of low Apgar scores, neonatal signs, and neo-
natal seizures are at the greatest risk of developing CP, but,
even in this very high-risk group, almost half do not. In this
situation, EEG and MRI have been more helpful.

The evolution of the interictal background, on serial EEG,
is most helpful for predicting outcome. In 1 study that fol-
lowed 38 term infants with acute fetal distress, the infants
had 2 EEGs in the neonatal period.!® The first was recorded
before 48 hours of age and the second between 2 and 7 days.
When the early EEG was essentially normal, 13 of the 14
infants had a normal outcome, and in the 10 infants with a
markedly abnormal early EEG, 5 died, 4 infants had severe
sequelae, and 1 infant had a normal outcome. For the group
with an early EEG showing intermediate abnormalities, the
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change in background by age 7 days was most sensitive and
specific for the later diagnosis of a poor outcome. When the
background improved by the second EEG, 4 of these 5 in-
fants had a good outcome. When the background stayed the
same, or worsened, the remaining 9 infants all had poor
neurodevelopmental outcomes.

Because standard EEGs are not routinely available in neo-
natal intensive care units, the use of continuous amplitude-
integrated EEG (aEEG) is increasing. There are 5 patterns of
background activity: flat tracing, continuous low voltage,
burst suppression, discontinuous normal voltage, and con-
tinuous normal voltage. Asphyxiated term infants are more
likely to have a poor outcome if they show the abnormal
patterns of flat tracing, continuous low voltage, or burst sup-
pression, especially if it is persistent.?® Of the 90 infants with
these 3 abnormal amplitude-integrated EEG patterns at :::6
hours of age, 79 died in the neonatal period or had moderate
to severe disability by >2 years. Eleven survivors were neu-
rodevelopmentally normal, and all had recovery of back-
ground activity to discontinuous or continuous normal volt-
age by 24 hours. Seven other infants also had recovery of
their background activity but still had a poor outcome. For
the 70 infants with early discontinuous or continuous normal
voltage, 64 had a normal outcome.

Neuroimaging, especially MRI, can also be helpful to de-
termine which infants are most at risk of CP after birth as-
phyxia. Barkovich et al?° reported on 20 term infants with
HIE who had MRIs within the first 10 days of life. Normal
MRIs predicted normal outcome at 3 months of age in 4 of 4.
The 16 infants with abnormal MRIs had changes in the thal-
ami and basal ganglia, the cerebral cortex and subcortical
white matter (particularly in the watershed areas), and the
periventricular white matter, and several had a combination
of abnormalities throughout all these areas. Five infants had a
normal ultrasound within 24 hours of their abnormal MRI,
suggesting that MRI is more sensitive. Five infants died, 10
had no clinical follow-up data, and 1 infant had hypertonia at
age 3 months, with no further follow-up. This initial study
confirmed that abnormalities in term asphyxiated newborns
could be seen in the neonatal period. However, it is impos-
sible to determine the clinical specificity of MRI from this
study because the length of follow-up was too short.

Since then, there have been many reports of early MRI with
clinical correlation. Barkovich et al? has looked at the use of
magnetic resonance spectroscopy (MRS). They reported on
31 infants with HIE; all had MRS between days 1 and 11 and
were followed until 12 months of age. There was good cor-
relation between MRS and neuromotor/cognitive outcome.
The most sensitive predictor of a poor outcome was an
elevated lactate/choline ratio. Particularly interesting in this
report are 3 infants with elevated lactate/choline ratios in the
watershed white-matter areas on their neonatal MRS. All 3 of
these infants had abnormal motor examinations at age 3
months but were normal by 12 months. As discussed earlier
in this review, it is important not to definitively diagnose CP
before at least 1 year of age.

A more recent study compared standard MRI, diffusion-
weighted MRI (DW-MRI), apparent diffusion coefficient of

water (ADC-MRI), and MRS in a group of 11 asphyxiated
term newborns within 48 hours of birth.22 Two of the infants
had completely normal imaging, with a normal neurodevel-
opmental outcome. None of the 9 infants with a poor out-
come had normal imaging in all 3 modalities. However, none
of the tests were reliably predictive. Apparent diffusion coef-
ficient performed the worst, perhaps because these infants
had edema involving the basal ganglia, which hindered im-
aging of the posterior limb of the internal capsule. As dis-
cussed earlier, this area has the best predictive value for CP.
No infant had both a normal standard MRI and MRS. The
authors recommended that infants should have a combina-
tion of studies to improve the early predication of outcome
after term birth asphyxia.

Despite these technological advances, it is still very diffi-
cult to predict outcome for these infants. This ability is im-
portant clinically because we counsel families and allocate
resources. Itis also increasingly important scientifically to be
able to accurately identify infants at increased risk of a poor
outcome as research continues into neuroprotective agents
(eg, drugs and hypothermia) to improve that outcome.

Neonatal Seizures
and Cortical Infarct

The occurrence of neonatal stroke is estimated at 1 in 4,000
term births.2® However, although some infants present at
birth with seizures, others will present in the first year of life
with hemiparesis. As well, not all infants presenting at birth
with seizures caused by an infarct will develop CP. One study
followed 46 term infants with a cortical infarct until 18
months of age.?* Fifteen had no neurodevelopmental se-
quelae. The remainder had long-term disabilities. Twenty-
two infants developed CP, many with associated cognitive
impairment. Factors associated with a poor outcome were
the presence of neonatal seizures and an abnormal neurolog-
ical examination at discharge from the neonatal intensive care
unit.

A population-based study identified 38 children with mo-
tor impairment who were born at term and had a CT or MRI
that confirmed a cortical arterial infarct.?> Twelve of the chil-
dren presented in the neonatal period, all with seizures, and
the remaining 26 presented in the first year of life, mainly
with early handedness. The same group reported a case-con-
trol population-based study that included both preterm and
full-term infants.?® They reported a prevalence of perinatal
arterial stroke at 20 per 100,000. Slightly more than half
presented in the neonatal period, usually with neonatal sei-
zures. Most infants were term. The preterm infants were di-
agnosed incidentally after routine ultrasound showed an ab-
normality that led to a CT. The authors selected 120 case
controls for comparison for maternal, prepartum, intrapar-
tum, and infant risk factors. The majority of infants had more
than 1 risk factor, and a third had 4 or more risk factors.
Many of the risk factors were associated, and, on multivariate
analysis, only infertility, preeclampsia, chorioamnionitis,
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prolonged rupture of membranes, and prolonged second
stage of labor were significant.

Some risk factors, such as chorioamnionitis, may be medi-
ated by inflammation. Inflammatory markers are elevated in
the blood of newborns who develop CP. Nelson et al?” ana-
lyzed dried newborn blood spots and reported that newborns
who later developed CP had increased levels of interleukin 1,
6, 8, and 13 and tumor necrosis factor a. They also found
that those infants were much more likely to have antiphos-
pholipid antibodies, increased levels of factor V Leiden mu-
tation, protein C, and often protein S antigens. Other studies
have confirmed the relationship between stroke and factor V
Leiden mutations.?82° Approximately one half of the new-
borns presenting with seizures and stroke will go on to de-
velop CP, usually hemiparetic. The presence of thrombo-
philias, especially factor V Leiden mutation, may increase
that risk. For now, as with the other neonatal high-risk situ-
ations, we need to follow all of these infants because we
cannot accurately predict which infant will develop CP. The
mothers of babies with thrombophilia also require counsel-
ing regarding recurrence risk in further pregnancies.

Diagnosis in the
Absence of Known Risk Factors

The diagnosis of CP is clinical, requiring that the child have
nonprogressive motor impairment, with abnormalities in
tone or posture, resulting from cerebral (ie, not neural tube or
muscle) dysfunction, arising from early in development (usu-
ally defined as less than age 2 years) and therefore does not
require any investigations. The role of investigations in chil-
dren with CP is to help in determining the etiology and in
assessing for coimpairments.

Investigations: Etiology

Investigations will always be required when CP is diagnosed
ina child without any known risk factors. Investigations may
also be necessary even whena child at risk of CP is diagnosed.
Shevell et al'6 reported on 217 cases of CP. For the 82% that
had an identified cause, there was usually a single apparent
etiology; however, in 34 cases, there were multiple etiologies,
such as asphyxia and cerebral dysgenesis. All the children
had neuroimaging. The 5 major etiologies were PVL, as-
phyxia, cerebral dysgenesis, intracranial hemorrhage, and in-
farcts. Less common causes were infection, trauma, cerebral
atrophy, or toxins. The Surveillance of Cerebral Palsy in
Europe collaboration looked at CP of postneonatal origin.
They were able to identify an etiology for 99% of the cases.
Fifty percent were attributed to infection, predominantly
meningitis and encephalitis. Other causes were vascular,
trauma, and a collection of less common causes such as near-
miss sudden infant death syndrome and near drowning.
Investigations are targeted to the most likely etiology for a
particular child. A child with spastic diplegia, born at 28
weeks gestation, most likely has PVL. Even if the child had a
normal neonatal head ultrasound, it is still reasonable to per-
form an MRI. The MRI is more sensitive for subtle white-
matter lesions®! and will also pick up other abnormalities. An

early study of MRI found abnormalities in 77% of the chil-
dren with CP.32 Most often the finding supported the clinical
diagnosis, but in a quarter of cases, it established an unsus-
pected diagnosis, such as cerebral dysgenesis. Another unex-
pected finding is PVL in an infant born at term.2® In this case,
it is assumed that the lesion occurred between 24 to 36 weeks
gestation, although delivery was after 36 weeks.

Shevell et al*® reported on subgroups with a particularly
high rate of an identifiable etiology. Children with micro-
cephaly or epilepsy were very likely (>90%) to have an eti-
ology determined. Children who had spent time in a neonatal
intensive care unit also were very likely to have a definite
etiology. Further investigations should include a thrombo-
philia workup in children with stroke. Children with dys-
morphology should have the appropriate genetic investiga-
tions. Metabolic investigations may be indicated (eg, a child
with dyskinetic CP without a history of encephalopathy may
have glutaric aciduria Il). Genetic and metabolic investiga-
tions should be considered if there is consanguinity or a
family history of neurologic disorders. At this point, there is
no recommended list of investigations, although as more CP
registries are developed, such as the Surveillance of Cerebral
Palsy in Europe, it may become possible to define subgroups
of children for whom diagnostic investigations are helpful.34

Investigations: Coimpairments

Coimpairments are common in children with CP, often re-
lated to the underlying etiology of their CP. The current
definition of CP does not take coimpairments into consider-
ation but rather focuses exclusively on the motor impair-
ment. A new definition has been proposed, as a result of the
2004 International Workshop on Definition and Classifica-
tion of Cerebral Palsy.% “Cerebral palsy describes a group of
disorders of the development of movement and posture,
causing activity limitation, that are attributed to nonprogres-
sive disturbances that occurred in the developing fetal or
infant brain. The motor disorders of cerebral palsy are often
accompanied by disturbances of sensation, cognition, com-
munication, perception, and/or behavior, and/or by a seizure
disorder.”s5

All population-based studies of CP find an increased prev-
alence of these coimpairments. In a Dutch study, 40% of the
children had epilepsy, 65% had cognitive deficits (IQ <85),
and 34% had visual impairment.3® A study in Scotland and
England reported that 23% of their children with CP had an
1Q <50, 9% had severe visual loss, and 8% had hearing
impairment.®” Shevell et al'® reported 25% of the children
with CP in his pediatric neurology practice had epilepsy.

Child neurologists must assess each child with CP for the
presence of coimpairments. The index of suspicion should be
high, and, if there are any concerns, the child should have an
EEG, audiometry, and/or consultation with an ophthamolo-
gist. Psychological assessment, especially asa child gets close
to school age, is imperative if there are any concerns regard-
ing cognitive ability. Because many children with CP have
difficulty communicating, the assessment must be performed
by a trained neuropsychologist.
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After the clinical diagnosis of CP is established and any
indicated investigations are completed, the family must be
counseled about the diagnosis and its implications for their
child and themselves. Parents want to know how “bad” it is
and what we and they can do to help their child.® Often their
first question is “Will my child walk?”

Prognosis

The Gross Motor Function Classification System (GMFCS)
was developed to follow the natural course of children’s mo-
tor development with different “levels” of CP.3 Without a
clear understanding of the natural history, it was impossible
to critically assess whether a specific intervention actually
altered the expected course for that child. Because children
with CP, as with all children, develop their motor function
over time, it was difficult to determine if an intervention
changed the trajectory of their development or if the pre- and
postmeasurements simply reflected the expected improve-
ment over time.

The GMFCSdescribes5 levelsofinvolvement: level | (least
affected) to V (most affected). The motor function at each level

Table 2 GMFCS Levels | and I

GMFCS level |
Before 2nd birthday: move in/out of sitting, floor sit with
hands free to manipulate objects, 4-point crawl, pull to
stand and cruise furniture, walk independently by 18 to
24 months
From age 2 to 4th birthday: move in/out of sitting and
standing, walk as preferred method of mobility
From age 4 to 6th birthday: walk indoors and outdoors,
climb stairs, emerging running/jumping
From age 6 to 12th birthday: walk and climb stairs
without limitation, able to run and jump but speed,
balance and coordination are reduced
GMFCS level Il
Before 2nd birthday: floor sit but may use hands for
support, commando crawl or 4-point, may pull to stand
and cruise
From age 2 to 4th birthday: move in/out of sitting, floor
sit with hands free, pull to stand, 4-point crawl, cruise
furniture, walk with assistive device as preferred
method of mobility
From age 4 to 6th birthday: sit in a chair with hands free
to manipulate object, move in/out sitting and standing
but may need support, walk short distances indoors
and on level ground outdoors without assistive device,
climb stair holding rail, not able to run/jump
From age 6 to 12th birthday: walk indoors/outdoors with
difficulty on uneven surfaces or in crowds, at best
minimal ability to run/jump
Distinctions between levels | and Il
Compared with children in level |, children in level Il
have limitations in the ease of performing movement
transitions; walking outdoors and in the community;
the need for assistive mobility devices when beginning
to walk; quality of movement; and the ability to
perform gross motor skills such as running and
jumping

is further divided into 4 age bands: less than 2 years, 2 t0 4, 4 to
6, and 6 to 12 years. As an example, Table 2 describes levels |
and I1. In contrast, children at level V have functional limita-
tions in sitting and standing that cannot be fully compensated
for, even with adaptive equipment. At best, children in this
level may achieve independent mobility with a power wheel-
chair with extensive adaptations. The GMFCS can also de-
scribe the child’s motor function, especially walking, in dif-
ferent environments.” Walking is not a dichotomous
outcome. Children in level 111 may walk indoors without any
assistive devices, may use a walker at school or outside on
level surfaces, and use wheeled mobility in the community.
Those in level IV may use a walker at home and wheeled
mobility elsewhere.

There is some overlap between the GMFCS and the child’s
pattern of CP.*t However, the GMFCS level is superior to
either the type of motor impairment or the pattern of limb
involvement for prognostication. It is important to point out
that the GMFCS does not consider the presence of coimpair-
ments. The presence of a coimpairment, such as visual dys-
function, may affect a child’s motor development.*2 The
GMFCS can be easily used in the busy office because it only
requires the age of the child and a description of the child’s
basic motor function (head/trunk control, rolling, sitting,
walking) to assign a level. Retrospective* and large prospec-
tive trials* have shown the stability of the GMFCS over time.
Children at a given level will develop within that level as they
get older. The GMFCS can help answer the parents’ ques-
tions, “How bad is it?” and “Will my child walk?”

Even after the diagnosis of CP is firmly established, it is
important to follow the child and family. Although the child
is technically our “patient,” there are significant stresses on
the family. Many of these stressors relate directly to the de-
gree of the child’s disability and thus the physical demand on
the caregiver, but several are potentially modifiable.

Family-Centered Care

Family-centered care has been shown to improve parent sat-
isfaction with the services provided for their child with CP.*5
Family-centered care includes working with families and
providing general information about CP and specific infor-
mation related to their child, as well as coordinated and com-
prehensive care provided in a respectful and supportive man-
ner.%¢ By being aware of these issues, we may be able to
provide children and families with health care, which helps
decrease the stress of having a child with a chronic develop-
mental disability, rather than adding to it.*

As well as providing family-centered care, there are other
ways to have a positive influence on family function. Care-
givers of children with CP, predominantly mothers, experi-
ence increased demands compared with mothers of children
without disabilities. In a large study of caregivers, 2 of the
strongest influences on the caregivers’ psychological and
physical health were child behavior and care-giving de-
mands.*® The more caregiver assistance a child needed for
basic functional activities of daily living, the more likely the
caregiver was to have chronic physical or psychological
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health concerns. We need to remember to ask families about
their support systems and to ensure that caregivers receive
adequate respite services. Families need practical help with
the day-to-day challenges of caring for a child with CP. We
also need to pay attention to concerns about the child’s be-
havior because this is another strong influence on caregiver
health. Even if the child’s behavior does not reach clinical
levels, it may still be a significant stress for the caregiver. We
must be sensitive to the presence of these behaviors and react
appropriately with parenting strategies, counseling services,
or medications, if indicated, to minimize the effect of these
behaviors. Family function is the most important mediator of
outcome. As physicians, we need interventions that support
the entire family. If we recommend interventions for the
child, such as night splinting, we need to consider the effect
this intervention may have on the family, especially if it af-
fects the child’s sleep! Ina very real sense, our “patient” is the
child with CP and their family. Each time we see the child, we
also need to give the family a checkup!

Office Visits

Regular visits are required to ensure that the child is reaching
their potential, taking into account the CP as well as any
coimpairments. At each visit, it is important to review the
child’s progress in all aspects of their life (home, school, and
community). It is also necessary to review their rehabilitation
services to ensure they are receiving the services they require
but at the same time are not being overloaded with appoint-
ments or home therapy programs. The office visit is a time to
discuss support services, such as respite. As previously dis-
cussed, child behavior is also particularly important to dis-
cuss, in view of the extra stress it may cause parents.

A key part of the visit is reviewing the child’s developmen-
tal progress. If the child is not progressing as we expected, we
need to determine the reason. Although CP, by definition, is
not a degenerative condition, there can be complications that
impede development (eg, walking may be affected by muscle
contractures or pain from dislocated hips). There may be a
loss of active range with an increase in spasticity or a loss of
passive range, which would indicate contracture. The major-
ity of children with CP have spasticity, but we must consider
whether the spasticity is impeding development.

Management of Spasticity

Spasticity is treated to improve function, reduce pain and
discomfort, or ease caregiving. We also want to prevent hip
subluxation and minimize joint contractures. The severity of
spasticity can be assessed by scales, such as the Modified
Ashworth Scale,* and the effect of the spasticity can be as-
sessed by measuring the child’s active and passive ranges for
each major joint. When we assess a child, as well as looking
for spasticity and contractures on our formal examination,
we need to watch the child move. If the child is unable to
walk, we need to determine the most likely reason. Even if
they have spasticity, the reason they are unable to walk may
relate to poor trunk control, weakness, or severe visual im-
pairment. In those cases, decreasing spasticity will not im-

prove function. However, if the child is able to move about
easily in a high-kneel position, then they have adequate pos-
tural control for walking, and it is more likely spasticity or
contracture, which is interfering with their ability to walk.
There are excellent reviews of spasticity management.50.51
Successful management of spasticity requires an organized
approach. Initially, we need to assess if there is spasticity and
if it is causing a problem by hindering care or function. It is
important to assess for underlying weakness because the
spasticity may be helpful for function (eg, weight bearing). If
the spasticity is believed to be a problem, the next step is to
look for aggravating factors, such as pain or poor positioning.
Once such factors have been resolved, we need to optimize
the physical management of the child, by ensuring appropri-
ate orthoses and stretching regimens. If this does not improve
the spasticity, we need to consider other interventions. If the
spasticity is focal, local therapy, such as botulinum toxin
injections, may be helpful. Oral medications are considered
for generalized spasticity. If the spasticity is mainly a problem
for lower-limb function or ease of caregiving, selective dorsal
rhizotomy or intrathecal baclofen can be considered.

Focal Spasticity
Botulium toxin was first used for children with CP in 1993.52
It was shown to reduce spasticity and improve gait. Since
then, there have been many further studies of botulium toxin
in children with CP. Although the toxin does decrease spas-
ticity, not all studies found functional improvement.5354
Other studies have compared botulium toxin with serial cast-
ing for the treatment of equinovarus gait. Again, studies differ
in their results. Several studies reported that casting was bet-
ter than botulium toxin,% and the combination of botulium
toxin and casting was worse than casting alone, with an ear-
lier recurrence of spasticity and contracture.5® Other studies
reported that the combination had a longer duration of im-
proved range of motion than casting or botulium toxin
alone.5758 Botulium toxin is also used for spasticity in the
upper limb. The evidence there is equally unclear. Several
studies have compared upper-limb botulium toxin, in com-
bination with occupational therapy to occupational therapy
alone. One reported a benefit in function, but not tone, for
the combination® and one a benefit in tone but not func-
tion.®0

With such conflicting evidence, it is difficult to know how
to proceed. The evidence is reasonably clear that botulium
toxin will reduce spasticity. For many children, the spasticity
appears to interfere with their motor development. In those
children, a trial of botulium toxin is reasonable.

Generalized Spasticity

In general, the treatment of spasticity with oral agents is
unsatisfactory. The medications often cause drowsiness,
which limits dosing. As well, spasticity is reduced through-
out the body, which may mean that head and trunk control
are affected. The common medications for spasticity are ben-
zodiazepines, baclofen, tizanidine, and dantrolene (Table 3).
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Table 3 Medications

Indication  Generic Name Brand Name Starting Dose Maximum Dose
Spasticity Diazepam Valium? 0.05 mg/kg/dose BID-QID"® 0.8 mgrkg/d
5-mg tabs
Baclofen Lioresalb <2y 2.5 mg 3 times per day’® <2y 20 mg/d’8
10 20-mg tabs 2to 7y 5 mg 3 times per day’® 2to 7 y 40 mg/d8
>7 y 5 mg 3 times per day’® >7y 60 mg/d78
Tizanidine Zanaflext <10 y 1 mg/d’8 0.3 to 0.5 mg/kg/d’@
4-mg tabs >10y 2 mg/d’8
Dantrolene Dantriumd 0.5 mg/kg/dose BID"® 3 mg/kg/dose to 100
25 100-mg caps mg QID78
Modafinil Alertece 3 mg/kg/dé? 400 mg/d®
100-mg tabs
Drooling Glycopyrrolate Robinol Injectablef Use orally 0.1 mg/kg/dose QID00
0.2 mg/mL 0.04 mg/kg/dose BID00
Hydroxyzine Atarax9 2 mg/kg/d100 600 mg/d1o0
2 mg/mL oral
10 25-mg caps
Dystonia I-dopa/carbidopa  Sinemet 25/100" 0.5 to 2 tabs/d?® 2 to 3 tabs/d’8
Trihexyphenidyl Artane 2 mg/d’8 60 mg/d78
2 5-mg tabs
Chorea Clonazepam Rivotril <30 kg: 0.01 to 0.03 mg/kg/di®® 0.5 to 6 mg/d"8
0.5, 2 mg tabs >30 kg: 0.5 to 1 mg/d1%0
Haloperidol Haldolk 0.5 mg/d’ 0.15 mg/kg/d8

Levetiracetam

2 mg/mL oral

0.5, 1, 2,5, 10, 20 mg tabs

Keppra!

250, 500, 750 mg tabs

For epilepsy
10 mg/kg/d*

maximum 20 mg/d®°

40 mg/kg/d*
1000 mg BID#80

tabs = tablets; QID = 3 times a day; BID = 2 times a day.
*Author’s practice.

aRoche Laboratories (Canada/US) PNovartis Pharmaceuticals (Canada) Kemstro manufacturer Schwarz Pharmaceuticals (US) Draxis Health
(Canada) Acorda Therapeutics (US) 9Proctor and Gamble Pharmaceuticals (Canada/US) €Draxis Health (Canada) Provigil manufacturer
Cephalon (US) Baxter Pharmaceutical (US) 9Pfizer (Canada/US) "Bristol-Myers Squibb (Canada/US) iLederle Laboratories (Canada/US)
IRoche Laboratories (Canada) Klonopin manufacturere Roche Laboratories (US) ¥Ortho-McNeil Pharmaceutical (Canada/US) 'UCB

Pharmaceutical (Canada/US).

A recent retrospective study using modafinil found that it
reduced spasticity in 76% of their sample.5!

Intrathecal baclofen (ITB) allows spasticity to be con-
trolled with low-dose baclofen. The catheter is inserted up to
T11to 12 so it is most helpful for lower-limb spasticity. The
infusion rate is programmable and can be set at different rates
throughout the day. Initially, ITB was recommended for
nonambulatory children to improve ease of caregiving and
reduce pain. However, there are reports of children showing
improvement in gross motor function after insertion of the
pump.6263 There are potential serious complications of ITB.
Baclofen lowers the seizure threshold, although in a sample
of children with CP and ITB, only 2 of the 60 children with
prior epilepsy had an increase in their seizures and 8 actually
improved in seizure control.®* Of the 90 children without a
history of epilepsy, only 1 child developed seizures 4 years
after the pump had been inserted. In an accidental overdose,
which can happen with a pump malfunction or an error in
filling or programming the pump, the child may present with
seizures, obtundation, circulatory collapse, and respiratory
depression.5> Although it is important to recognize the over-
dose and stop the pump, there is also a severe baclofen with-
drawal syndrome. Withdrawal is characterized by fever, hy-

pertension, tachycardia, agitation, and hallucinations. To
avoid this syndrome, the patient must be restarted on ba-
clofen, either via the pump (if it is confirmed to be working
properly) or by mouth. Withdrawal can also occur with
pump malfunctions, catheter breakage, or improper filling.
There are concerns of rapid progression of scoliosis after ITB
therapy.®

Another therapeutic option for spasticity is selective dorsal
rhizotomy (SDR). During the procedure, 25% to 60% of the
dorsal nerve rootlets from L4-S1 are cut through a L1-S1
laminectomy. The decision of which rootlets to cut is based
on the degree of aberrant afferent activity on an intraopera-
tive electromyogram. A meta-analysis of the 3 randomized
controlled trials reported a significant decrease in spasticity
but a minimal clinical gain in the gross motor function mea-
sure (GMFM).57 Mittal and coworkers reported a 5 year fol-
low-up after SDR.®8 Unfortunately, this was not a controlled
trial. The authors reported significant clinical and functional
gains. Based on these studies, the children who seem to be the
best candidates for SDR are ages 3 to 8 years, with spastic
diplegia, at GMFCS Ill and IV. SDR has significant risks. A
major concern is worsening of scoliosis, most likely related to
the laminectomy.5°
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As well as monitoring the child’s spasticity to determine if
it is affecting function or caregiving, we need to pay attention
to other potential effects of the spasticity, particularly scolio-
sis and subluxation of the hips. Scoliosis is very common in
CP and increases with age and the severity of CP. The risk is
highest in those who are nonambulatory.”® The curve
progresses most quickly during growth spurts but, unlike
idiopathic scoliosis, may continue to progress after skeletal
maturity. Early detection of the scoliosis is key to slowing
progression. External bracing, customized seating inserts,
and maintaining good seating posture by correcting any hip
and pelvic deformities is important to prevent, or postpone,
the need for spinal surgery.

Hip subluxation, and subsequent dislocation, results from
spasticity in the hip adductors and iliopsoas muscles. If un-
treated, this results in acetabular dysplasia and degenerative
joint disease. The resulting pain may make prolonged sitting
uncomfortable, which has a significant effect on the child’s
quality of life. As well, the abnormal sitting posture will ex-
acerbate the progression of scoliosis. Routine hip x-rays are
important to monitor the degree of hip migration.” Stretch-
ing and positioning are important to try and prevent sublux-
ation. When these physical maneuvers are insufficient to pre-
vent progression, tendon releases are indicated. Recently,
botulium toxin injections into the hip adductors were found
to limit progression of migration.™

Other Office Issues

It is important to monitor the child’s growth and nutrition.
The North American Growth in Cerebral Palsy research con-
sortium was established to research nutrition and growth
issues in this population. They have found that malnutrition
is common in children with moderate to severe (GMFCS
I11-V) CP and is associated with poorer health status, in-
creased utilization of health care resources, and decreased
participation in school and community activities.”® Some of
the factors that contribute to poor nutrition are amenable to
treatment, such as reflux, poor dentition, or constipation,
and with attention to these issues, we may be able to make an
impact on the child’s oral nutrition. When trying to decide if
a child is sufficiently malnourished to require a gastrostomy
tube, we need to remember that many children with CP will
have significant wasting of their leg muscles.” Using typical
weight-for-height graphs will give a misleading degree of
undernutrition because leg muscles account for up to 25% of
an ambulatory child’s weight. The North American Growth
in Cerebral Palsy consortium is working to develop appro-
priate measures of growth and nutrition for children with
different levels of CP.

Drooling is another area in which we can make a differ-
ence. Children with CP, as a result of impaired swallowing
and poor lip closure, often drool considerably. This has social
consequences and also results in damage to computers and
communication devices.” Anticholinergic medications are
the mainstay of treatment but have significant side effects®
(Table 3). Recently, botulium toxin injections into the pa-

rotid glands were reported to decrease salivary flow without
significantside effects.””

Involuntary movements may interfere with function and
be reduced with medication (Table 3). The response is often
not complete but may be helpful. For dystonia, levodopa is
the initial medication.” There is a report that children may
respond better to trihexyphenidyl.”® Chorea may respond to
benzodiazepines, such as clonazepam, or dopamine-deplet-
ing medications, such as haloperidol. A recent case study in
an adult reported success with levetiracetam.&

Children with hemiparetic CP have an abnormal gait and
usually a marked decrease in bimanual dexterity. There are
several new therapeutic regimes for children with hemisyn-
dromes. Balance training, using a programmable moving
platform, has been shown to improve the symmetry of gait.8!
Constraint-induced movement therapy, which involves re-
straining the unaffected arm and hand for prolonged periods
(often several weeks with a cast), is generally well tolerated by
the children and results in increased use of the affected
hand.&

Alternative and Complementary Therapies

It is important to be aware of current alternative and comple-
mentary therapies, especially those in your region. Families
have a right to expect that we will be honest and forthright
regarding all possible treatment options, and they should feel
comfortable discussing this with us.83 We must share any
scientific information on these options. Rosenbaum?* has an
excellent review of alternative therapy. A recent PubMed
search using the MeSH terms “alternative OR complementary
therapy AND cerebral palsy” revealed 299 citations. When
the search was limited to humans, 0 to 18 years, and random-
ized controlled trial, the list was reduced to 11 articles over
25 years. In contrast, a Google search, using the same terms,
gave 1,640,000 hits. Even with these limits, there are
128,000 sites. It would be impossible for a family to navigate
their way through all this. We have a responsibility to explain
to families any evidence that is available about these treat-
ments, just as we do for the interventions we recommend.
Even therapies, which on first glance do not seem harmful to
the child, require the family to divert time and energy and
often significant amounts of money away from activities that
may be more beneficial.

Conductive Education

Conductive education is a program imported from Hungary. In
its original form, it was very intensive and time consuming for
the child and the family. The children lived in the “institute”
and a “conductor” acted as “mother, teacher, and physio-
occupational and speech therapist.”® The children had 13-
hour days, devoted to “rhythmical intention,” where, by sing-
ing and counting aloud, they learned a motor task. Living at
the institute and spending all of their time on refining motor
tasks, impacted on the child’s family life, social development,
and academic achievement. Many families use modifications
of the original method, such as joining together to sponsor a
“conductor” from Hungary several weeks a year for intensive



294

E. Wood

sessions. Arecent study compared a single intensive period of
conductive education to ongoing sessions and found that the
single session was as effective in facilitating small motor-
function gains and that ongoing sessions were of limited
value.8® Other families are requesting that conductive educa-
tion become a part of their child’s schooling.8” The American
Academy of Cerebral Palsy and Developmental Medicine
published an evidence report regarding conductive educa-
tion.® The Treatment Outcomes Committee Review Panel
reviewed all published literature on conductive education. At
present, there is no evidence to support a benefit.

Hyperbaric Oxygen

In the 1990s, Neubauer and James®® proposed hyperbaric
oxygen as a cure for cerebral palsy and stroke. As with any
medically incurable condition, when a promise of a “cure” is
made, there was a great deal of interest and many testimonials
by families. An initial open-label study from Montreal, Can-
ada, reported significant gains in motor function.®® Although
the gains in motor function, measured objectively by the
GMFM, were real, the magnitude was typical of what would
have been expected with physiotherapy alone. In 2001, the
same research group preformed a well-designed, multi-
center, randomized, placebo-controlled study. None of the
objective motor®! or neuropsychological®? measures showed
a difference between groups, and, importantly, both parent
groups reported the same level of change.

Transition

As the child transitions through different developmental
stages, it is important to address new issues that arise. These
issues may include behaviors, such as the “terrible twos” or
exposure to new environments. Families may need help and
support finding an appropriate day care or dealing with the
child’s school. There may be questions regarding recreational
activities, such as therapeutic horseback riding or wheelchair
dance or questions about vocational options for the adoles-
cent and young adult. It is important that we modify our
interactions with the child and parents as the child matures.
As physicians for children, we are comfortable talking with
parents and may forget to address questions to the older child
or adolescent. This is a particular risk when we have known
the child and family for many years because we have estab-
lished a communication pattern that may be hard for us, and
the parents, to change.

CP is often considered as only a pediatric condition. In the
past, many children with CP, particularly those with spastic
quadriplegic CP, did not survive to adulthood.®® A recent
study looked at a British birth cohort from 1940 to 1950.%4
For those with CP alive at age 20 years, 85% survived until
age 50 years. Although this is lower than the 96% in the
general population, it does emphasize the need to plan for the
transition of “our” children to adult CP clinics. Adults with
CP have ongoing health issues, above and beyond all the
typical health concerns of the general aging population.®
Many adults will have deterioration in walking ability, per-
haps because of weakness, fatigue, pain, or orthopedic com-

plications, such as scoliosis or dislocated hips. Clearly ongo-
ing surveillance for these complications, during childhood, is
important to their future. In addition, their integration into
society, including the workforce, is related to their integra-
tion as children.®® Both the Canadian Pediatric Society®” and
the American Academy of Pediatrics®® have recently issued
policy statements on improving care and transition for ado-
lescents with chronic health care conditions.

Conclusion

Pediatric neurologists have a huge impact on the lives of
children with CP and their families. This impact continues
well into the future for many of the children we follow in our
practices. The care we provide must extend past the initial
diagnosis.
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