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ABSTRACT

Cerebral palsy is Non-progressive, non-contagiowsom conditions that cause physical disability imnman
development, chiefly in the various areas of bodyement. Spastic cerebral palsy is by far the mostmon type
of overall cerebral palsy, occurring in 80% of alhses. CT or MRI is warranted when the etiologg gfatient's
cerebral palsy has not been established — an MRréderred over CT due to diagnostic yield and safévhen
abnormal, the neuroimaging study can suggest tiéngj of the initial damage. Botulinum toxin is usedocal
treatment i.e. a limited number of muscles camiprted at the same time. The effect of the texiaviersible and a
reinjection is needed every 4-6 mont8glective dorsal rhizotomy (SDR) is a surgical pchae recommended
only for cases of severe spasticity when all ofntioee conservative treatments — physical therapl, medications
and intrathecal baclofen have failed to reducessigity or chronic pain. Transplanting stem cah$o the brain
could support and/or replace deteriorating braissiie during the process of white matter damageenehzal

palsy.
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INTRODUCTION

Non-progressive, non-contagious motor conditiora ttause physical disability in human developmehigfly in
the various areas of body movement. Scientific ensas still holds that CP is neither genetic nolisease’, and it
is also understood that the vast majority of casescongenital, coming at or about the time ofhbigind/or are
diagnosed at a very young age rather than durinteacence or adulthood. The use of "palsy” in gnmtcerebral
palsy makes it important to note that paralyticodigrs are in fact not cerebral palsy — meaning ttie condition
of quadriplegia, which comes from spinal cord igjor traumatic brain injury.

There are several antenatal factors, includingepmetdelivery, low birth weight, infection/inflamnah, multiple
gestations and other pregnancy complications, lthat been associated with CP in both the preteminteam
infant, with birth asphyxia playing a minor rol€erebral palsy is caused by damage to the motdraiarentre of
the developing brain and can occur during pregnathasing childbirth or after birth up to about abeee.
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Resulting limits in movement and posture caus#&igctimitation and are often accompanied by dibances of
sensation, depth perception, and other sight-bpseckeptual problems, communication ability; impants can
also be found in cognition and epilepsy is foundlout one-third of cases [1].

Table 1: Demographic characterization of cerebral plsy prevalence estimates by site, Autism and Dewepmental Disabilities Monitoring
Network, 2006 (per 100, 8-year old children).

Alabama Georgia Missouri Wisconsin All Sites
Total no. of CP cases 117 178 84 97 476
Total of 8-yrs old? 35126 46621 26533 34058 142338
Total prevalence (95% CI) 3.3(2.8-4.0) | 3.8(3.344) 32(26-39) 29(258y3]| 3.3(3.1-3.7)
Sex specific prevalence (95% CI)
Boy 3.2(2.2-42)| 41(3450) 36(2.745) 35(253 | 3.6(3.24.1)
Girl 34(2.7-44) 35(28-44) 28(20-38) 22(36) | 3.0(2.7-3.5
Boy;girl ratio 0.9:1 1.21 131 1.6:1 1.2:1
White, non-Hispanic 3.1(2.5-39)| 3.8(3.048) 28(2.1-3]) 30(38 | 3.2(2.8-3.6)
Black or African American, non-Hispanic 4.3(3.25.9)| 39(3.148) 34(235p 28(43% | 3.7(3.244
Hispanic 1.2(0.3-5.0)|] 3.3(2.2-5.2) 13(0.2-9.1) 1.0(R.8 | 2.2(1.5-3.1)
American Indian/Alaska native, non-Hispanic | - 5.5(0.8-39.2)] 1.8(0.3-12.4
Asian/Pacific-Islander, non-Hispanic 2.6(1.2-54)] 13(0.2-9.2) 3.3(1.2-8.8 2.4(4.2)

#Demographic data obtained from National Centre aralth Statistics’ bridged-race postcensal populagistimates for 2006.
PAll children included in the total regardless oteaor ethnicity, as well as children for whom ratethnicity is unknown.

Because of lack of appropriate denominator, muli@eor other race or ethnicity categories arepresented

Etiology

Problems in intrauterine development (e.g. exposoreadiation, infection), asphyxia before birtlypbxia of the
brain and birth trauma during labour and delivang aomplications in the prenatal period or durihgdhood. CP
is also more common in multiple births.

Premature infants are vulnerable, in part becausie drgans are not fully developed, increasingriie of hypoxic
injury to the brain that may manifest as CP. A jpeabin interpreting this is the difficulty in diffentiating between
cerebral palsy caused by damage to the brain #saflts from inadequate oxygenation and CP thaestfiom
prenatal brain damage that then precipitates prematelivery. Recent research has demonstratedntinapartum
asphyxia is not the most important cause, probabbtounting for not more than 10 percent of all sasather,
infections in the mother, even infections that ok easily detected, may triple the risk of thddtklieveloping the
disorder, mainly as the result of the toxicity twetfetal brain of cytokines that are produced ag ph the
inflammatory response. Low birth weight is a rigictbr for CP—and premature infants usually have bosth
weights, less than 2.0 kg, but full-term infants edso have low birth weights. Multiple-birth intarare also more
likely than single-birth infants to be born earlywith a low birth weight. After birth, other cawsinclude toxins,
severe jaundice, lead poisoning, physical braiorinjshaken baby syndrome, incidents involving ky@do the
brain (such as near drowning), and encephalitme@mingitis. The three most common causes of asphyxihe
young child are: choking on foreign objects suchiags and pieces of food, poisoning and near drogriMany
cases of cerebral palsy are caused by the deatryrearly pregnancy of an identical t&j.

Infections during pregnancythat may damage a fetus' developing nervous systaese include rubella (German
measles), cytomegalovirus (a herpes-type virug), taroplasmosis (an infection caused by a pardiséecan be
carried in cat feces or inadequately cooked mé&xtjer infections in pregnant women that may go teated are
being recognized now as an important cause of dpu@tntal brain damage of the fetus.

» Severe jaundice in the infant Jaundice is caused by excessive bilirubin in blwed. Normally bilirubin is

filtered out by the liver. But often, newborns'dré need a few days to start doing this effectivetly it's not

uncommon for infants to have jaundice for a fewsdafger birth. In most cases, phototherapy (liglerapy) clears
up jaundice, and there are no lasting health effddowever, in rare cases, severe, untreated jeeirmdin damage
brain cells.

» Rh incompatibility between mother and infant In this blood condition, the mother's body proeli@antibodies
that destroy the fetus's blood cells. This, in jueads to a form of jaundice in the newborn ang iweuse brain
damage.
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» The physical and metabolic trauma of being bornThis can precipitate brain damage in a fetus whuesalth
has been threatened during developrignt

» Severe oxygen deprivation to the brain or significat trauma to the head during labor and delivery
Disruption of Blood and Oxygen Supply to the Deyéhgy Brain

* Ischemic stroke, when a blood clot blocks a bloesisel in the brain, is recognized to cause braimage that can
result in CP. It can occur in the developing fét@in during pregnancy or shortly after birth.

« Disruption of the oxygen supply during birth (bittlgpoxia) has been estimated to account for lems #9% of
CP cases.

Various Types of Cerebral Palsy

Cerebral palsy (CP) is divided into four major sléisations to describe different movement impaintse These
classifications also reflect the areas of the btlaétt are damaged. The four major classificatiors spastic, ataxic,
athetoid / dyskinetic and mixed.

Spastic

Spastic cerebral palsy is by far the most commae tyf overall cerebral palsy, occurring in 80% bfcases.
People with this type of CP are hypertonic andehatiat is essentially aneuromuscular mobility immpaint (rather
than hypotonia or paralysis) stemming from an uppetor neuron lesion in the brain as well as théiauspinal
tract or the motor cortex. This damage impairs #dlity of some nerve receptors in the spine topprty
receivegammaAminobutyric acid, leading to hypertonia in the snles signaled by those damaged nerves.

Fig 1

Fig. 1. Magnetic resonance image (MRI) of a 1-yadrboy who was born at gestational week 27. Thaicall
examination was consistent with spastic diplegieloral palsy. Pseudocolpocephaly and decreasedneodi the
white matter posteriorly were consistent with pentricular leukomalacia. Evidence of diffuse polgrgyria and
thinning of the corpus callosum is noted in thisga. (http://emedicine.medscape.com/article/1179555

Ataxic

Ataxia-type symptoms can be caused by damage toettebellum. Ataxia is a less common type of cexiepalsy,
occurring between 5 and 10% of all cases. Sombesfet individuals havehypotonia and tremors. Mdtdisssuch
as writing, typing or using scissors might be affecas well as balance, especially while walkibgs tcommon for
individuals to have difficulty with visual and/ouditory processing. They usually have an awkwaitaya as well
with some dysarthria [4].

Athetoid or dyskinetic

Athetoid cerebral palsy or dyskinetic cerebral padsmixed muscle tone — both hypertonia and hypietanixed
with involuntary motions. People with Dyskinetic @Rve trouble holding themselves in an uprightadyeposition
for sitting or walking, and often show involuntamotions. For some people with dyskinetic CP, itetala lot of
work and concentration to get their hand to a aedpot (like scratching their nose or reachingdaup). Because
of their mixed tone and trouble keeping a positibiey may not be able to hold onto objects, espigamall ones
requiring fine motor control (such as a toothbrestpencil). About 10% of individuals with CP areassified as
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dyskinetic CP but some have mixed forms with spagtand dyskinesia. The damage occurs to the gytaaidal
motor system and/or pyramidal tract and to thelbgesiaglia. In newborn infants, high bilirubin lesdh the blood,
if left untreated, can lead to brain damage inkihsal ganglia (kernicterus), which can lead to ohetic cerebral

palsy[5].

Table 2: Prevalence of Four Developmental Disabiliégs Among Children Aged 8 Years — Metropolitan Atlaita Developmental
Disabilities Surveillance Program, 1996 and 2000

Spastic | Dyskinetic | Ataxic| Hypotonic | Other/Mixed
Percent of cerebral palsy case§ 76.9% 2.6% 2.4% 2.6% 15.4%
Number per thousand children | 2.8% 0.1% 0.09%) 0.1% 0.6%

Co-Occurring Developmental Disabilities

The ADDM site that tracks CP in metropolitan Atlaris the Metropolitan Atlanta Developmental Disgieib
Surveillance Program (MADDSP). MADDSP 2006 datavstibat approximately 60% of 8-year-old children wit
CP had another developmental disability. More th@%6 of children with CP had intellectual disabili85% had
epilepsy and more than 15% had vision impairmemarly one-quarter of children with CP had both llatdual
disability and epilepsy.

Cerebral Palsy and the Presence of Co-Occuring Developmental Disabilities
= Metropaolitan Atlamta Developmental Disabilities Surveillance Program, 2006
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Figure 2: Statistical data analysis on Co-Occurrig Developmental Disabilities

Diagnosis

Cranial ultrasound. This test is used for high-risk premature infadm¢cause it is the least intrusive of the imaging
techniques, although it is not as successful aswtbemethods described below at capturing subtienghs in white
matter — the type of brain tissue that is damagexrebral palsy.

CT or MRI is warranted when the etiology of a patis cerebral palsy has not been established MRinis
preferred over CT due to diagnostic yield and yaféthen abnormal, the neuroimaging study can suges
timing of the initial damage. The CT or MRI is alstapable of revealing treatable conditions, such
as hydrocephalus, porencephaly, arteriovenous madftion, subdural hematomas and hygromas and aiamrm
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tumor (which a few studies suggest are present22%). Furthermore, an abnormal neuroimaging sindigates a
high likelihood of associated conditions, such gitepsy and mental retardation.

The diagnosis of cerebral palsy can sometimes kerahortly after birth but is often postponed utité child is
18-24 months of age, in order to evaluate the fanat status and the progression or regressiohe@ftymptoms

[6].

Modern Approach of Treatment

The earlier treatment begins the better chancelrehmilhave of overcoming developmental disabilibesearning
new ways to accomplish the tasks that challengen tiBotulinum toxin injections are given into musckhat are
spastic or sometimes dystonic, the aim being tagedhe muscle hypertonus that can be painful.duaton in

muscle tone can also facilitate bracing and theafsathotics. Most often lower extremity muscleg @njected.
Botulinum toxin is focal treatment meaning thatmaited number of muscles can be injected at theestame. The
effect of the toxin is reversible and a reinjectismeeded every 4—6 months. The earliest provemiention occurs
during the infant's recovery in the neonatal intemgare unit (NICU). Treatment may include onemwre of the
following: physical therapy; occupational therapgeech therapy; water therapy; drugs to contrauses, alleviate
pain or relax muscle spasms (e.g. benzodiazepoaetofen and intrathecal phenol/baclofen); hypedbaxygen;

the use of Botox to relax contracting muscles; siyrgto correct anatomical abnormalities or reletight

muscles; braces and other orthotic devices; rolvatkers and communication aids such as computithsattached
voice synthesizers. For instance, the use of alstgrframe can help to reduce spasticity and impmange of
motion for people with CP who use wheelchairs [7].

Constraint-induced movement therapy (CIMT) haswshopromising evidence in helping individuals with
neurological disorders that have lost most of thbe of an extremity. Positive benefits of CIMT reall for people
who have had a stroke and traumatic brain injuryweler, later studies have addressed the applicafiCIMT
for children with CP challenged with hemiparesiattehow a significant benefit in constraint inducedvement
therapy for children with cerebral palsy who araltdnged with hemiparesis.

Physiotherapy programs are designed to encouragepdlient to build a strength base for improved gad
volitional movement, together with stretching progis to limit contractures. Many experts believe tHalong
physiotherapy is crucial to maintain muscle tonene structure and prevent dislocation of the joilgpeech
therapy helps control the muscles of the mouthjamdand helps to improve communication. Just ax&Paffect
the way a person moves their arms and legs, iatsmaffect the way they move their mouth, face laead. This
can make it hard for the person to breathe, talrty, bite, chew and swallow food. Speech themipgn starts
before a child begins school and continues througtie school years.

Although numerous treatments for drooling have bessted over the years, there is no one treatnhenthelps
reliably. Anticholinergic drugs- such as glycopyrolate - can reduce the flowatifra but may cause unpleasant
side effects, such as dry mouth, constipation,uirdhry retentior8].

Selective dorsal rhizotomy (SDR) is a surgical procedure recommended onlg#&ses of severe spasticity when all
of the more conservative treatments — physicalatheroral medications, and intrathecal baclofemavehfailed to
reduce spasticity or chronic pain. In the procedarsurgeon locates and selectively severs ovieater nerves at
the base of the spinal column.

Because it reduces the amount of stimulation thatlies muscles via the nerves, SDR is most comnusely to
relax muscles and decrease chronic pain in onetbr &f the lower or upper limbs. It is also sommets used to
correct an overactive bladder. Potential sidectffénclude sensory loss, numbness or uncomfortdaisations in
limb areas once supplied by the severed nerve]9, 1

Spinal cord stimulation was developed in the 1980s to treat spinal cguhirand other neurological conditions
involving motor neurons. An implanted electrodéestvely stimulates nerves at the base of theadpdord to
inhibit and decrease nerve activisi]. The effectiveness of spinal cord stimulatior the treatment of cerebral
palsy has yet to be proven in clinical studiesis Itonsidered a treatment alternative only whérerotonservative
or surgical treatments have been unsuccessfulaaimg muscles or relieving pain.
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Therapeutic (Subthreshold) electrical stimulation,also called neuromuscular electrical stimulatiNES), pulses
electricity into the motor nerves to stimulate cantion in selective muscle groups. Many studieseh
demonstrated that NES appears to increase rangetafn and muscular strendtt?].

Threshold electrical stimulation, which involves the application of electrical stilaion at intensity too low to
stimulate muscle contraction, is a controversiatapy. Studies have not been able to demonstsagdfectiveness
or any significant improvement with its use.

Hyperbaric oxygen therapy. Some children have cerebral palsy as the regulirain damage from oxygen
deprivation. Proponents of hyperbaric oxygen thgnaropose that the brain tissue surrounding theadged area
can be “awakened” by forcing high concentrationsogf/gen into the body under greater than atmosgpheri
pressure. The Food and Drug Administration hasapgroved hyperbaric oxygen therapy for the treatnoén
cerebral palsy. Some scientific studies reporadded benefit from hyperbaric oxygen therapy foebral palsy.
Further research is needed to determine the effiohthis treatment for individuals with cerebpalisy[13].

Stem Cell Therapy

Stem cells are primitive cells that can either fsehew” and expand by creating daughter stem célthe same
type or create mature cells with specific functiofigny organ in the body. They have varying degiee'potency”
ranging from the ability to differentiate into eyerell in the body, to only a few cell types. Regextive medicine:
a type of medicine focusing on the renewal, grosrtt restoration of a body part, organ or tissués @ms to copy
and repeat the normal growth and development obdiay following an injuryl4].

Transplanting stem cells into the brain could suppad/or replace deteriorating brain tissue dutheyprocess of
white matter damage in cerebral palsy. Animal mededed in research on cerebral palsy have showmthaay

types of stem cells can be used to reduce damabesturn. New technological improvements make #sige for

skin cells to be taken from a patient and turnéd the exact cell needed to repair injured tisgiedting rid of the

need for tissue donor waiting lists and anti-regctrugq15].

Table 3: Applications of various stem cells in Cefgral Palsy

Transplantable Cells Applications

Mesenchymal Stem Cell (MSC): Able to travel to and change the injured environmencreasing
Isolated from the umbilical cord (UC-MSC) or| survival of neurons and making up for losses.

bone marrow (BM-MSC) of the patient or a
matched family member

Neural Precursor Cell (NPC): Quickly differentiate to replace supporting cellsdalost myelin and
Exist in small numbers in the brain with great| send out signals that enhance repair.

potential for regeneration

Pluripotent Stem Cell: Can be turned into any cell in the body, such a€NM®f these, iPSCs
Taken from an early embryo (ESC) or induced are the newest and least proven type, but alsonthet promising, ag
from a patient’s skin cell (iPSC) they are made completely from patient's own tissligninating the

need for donor lists, anti-rejection drugs and mesibn of an embryo
These cells can be used most widely for many differtypes of
injury.
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