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ABBREVIATIONS

CEA Costeffectiveness analysis

CUA Costutility analysis

ICER Incremental coseffectiveness ratio
ITB Intrathecal baclofen

QALY Quality-adjusted lifeyear

RCT Randomized controlled trial

AIM Econemicrappraisalanhelp guide policy-makinfpr purchasing decisionand
treatmentand managemeamlgorithmsfor health interventiondVe conducteda systematic

reviewof economicstudies incerebral palsyCP) to inform futureesearch

METHOD Economic studies publishesince1970 were identified frorsevendatabases.
Two reviewers. independentcreened abstracisid extracted data following tireferred
Reporting ltems for Systematic Reviews and MetalysegPRISMA) guidelines. Any

discrepanciesvereresolved by discussion.

RESUL TS Of 980identifiedreferencesl15wereincluded for fulltext assessmerithirteen
articles met standatiteriafor a full economic evaluatioriwo as partiakconomic
evaluations, and 18s cost studieSix werefull economic evaluatiorslongside clinical
studies orandomized controlled triglsvhereasseveninvolved modellingsimulations The
economic case for adnistration of magnesium suti&afor imminent preterm birth is
compelling, achieving both health gain ara$t savingsCurrent literature suggests
intrathecal baclofen therapy and botulinum toxin injectioecosteffective, but stronger
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evidence for longerm effects is needed. Lifestyle and wedsed interventionasre

inexpensive, but broadereasurement ajutcomess required

INTERPRETATION Prevention of CP would avoid significant economic burdem&
treatmerg and interventions have been shown to be effsttive although stronger

evidence otlinical effectiveness needed
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Review

What this paper adds

e Costeffectiveness evidenshows prevention is the most significatrategy.

e Sometreatmend arecosteffectivg but stronger evidence for longrm effectiveness
is required.

e Compatrison ofreatmentossis challenging owing to variations in methodologies

and varying clinical indications

[Main text]

Cerebral palsy (CRdescribes a group of developmental disorders of movement and posture,
causing activity restrictioor disabilityattributed tadisturbances occurring in thetél or
infant brain. The motor impairment may be accompanied by a seizure disorder and by

impairment of sensation, cognition, communication and/or behaviour, and by secondary
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musculoskeletal problem<CP has a prevalencé approximately 1 in 500 neonates, with 17
million people affected worldwideThe overall prevalence of CP in higicome countries is
2.11 per 1000 live birthsand 2.0 to 2.8 per 100@e births in low-and middleincome
countries’ In Australig after a long period of stable prevalence &b 2.5 per 1000 live
births, the rate"of CP declined to 1o2.1 per 1000ive birthsbetweer2007 and 2009The
downward‘trend is particularly evident in extremely preterm infants. The sevedlity a
complexity of CP has also declinélthe CP registerin someAustralian sateshave

estimatedtheurrentCP prevalence to be less tHab per 1000 live birthS.

The precise aetiology of CP is still unclear. Risk factors for CRdecpréerm birth,
multiple pregnancy, intramniotic infection, perinatal inflammatiplow maternal thyroid
hormone levels, perinatal asphyxia, placenta abnoiegliétal growth retardatioand
neonatal hyperhilirubiremia.While CP involves damage to the central nervous system,
clinical symptoms of CP are predominantly observed in the musculoskeletal .slystem
addition, 31% of children with CP born between 1993 and 2006 had epilepsyergdlind,

2% weredé€af and 44% hathtellectual impairment

CPis ailifelong condition, with profound impacts on the individuals well as their
family. Mothers of children with CP have poorer mental and physical health outcomes than
mothers of ehildren with typical developméftEroma broader perspective, CP also
significantlyaffectseducation and welfare systenGiven the burden and impact of CP,
improvements in our knowledge base to guide treatment and prevention is crucial. While
clinical researcinas progressenur understanding afsk factorsandefficacy,our
knowledge of coseffectiveness and how best to wdiavailable budgets is poorly

documented:

We conducted a systematic reviewptovide information onthe economic aspects of
CPthathave beemesearchednd to identify thetrengths/weaknesses agaps inthecurrent
economic researchVe aim to address the cost and esf§¢ctiveness of interventions
focusing on CP*for individuallsom the prefperinatalperiodthrough to adolescerin
studiesreportingclinical investigations and/or modelling simulatiombis studyis, to our

knowledgethe first systematic review on econoremidenceor CP-specific interventions.
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METHOD

A systematic review was conducted, following the Coch&ystematic Review Guidelines
and thePreferred, Reporting Items for Systematic Reviews and-MetdysegPRISMA), to
identify econemic studies on interventions for children \@igr'**

Sear ch strategy.

Sevenelectronic databas€é®vid MEDLINE, Embase, CINHAL, Psylnfo, Econliealth
Economic Evaluation Databassd NHS Economic Evaluation Database in the Cochrane
Library) were searched with the followirsggarch termq) ‘ cerebral palsy (2) ‘healthcare
costs and ‘cost.analysis’; an(B) ‘economic evaluation’ (includingcbsteffectiveness
analysis’and’ costbenefit analysis’)The search strategies for various databases are
documentediin“Table The literature search was restricted to articlaem in English and
published from=2970 to the preseitmanual search of references in selea#itles was

also carried outto identify additionalevant studiesThe search of published studies was

performed in December 2015 and updated in April 2017.

Inclusion‘andexclusion criteria

Two reviewerdSS and UT) independently screened all titles and abstracts identified.
Publicationsmeeting the inclusion criteri@ere included for fulkext assessment

Discrepancies between two screening results were disc{83ddT, RC)and resolved.
Inclusion for fulltext assessment were those articles reporting costs, cost estimates, cost
effectiveness, cosbenefit, or economic evaluation@P. Studies that only report&P as

one of theyoutcomes measured, rather than investigating interventions for CP prevention or
treatmentwere.excluded. For example, a wide range of perinatal interventions to prevent
adverse birth.outcomes have been studied. The studies that included CP as®ne of t

outcomewithiless tharl 0% of caseseportedvere excluded from the current review.

Economie evaluationtsdies were appraiseyjainsthe checklistriteria for assessing
economic evaluation set by Drummond e¥alhe checklist obrummondet al. consists of
10important aeas: (1) wehldefined questions; (2) comprehensive description of the

competing alternatives; (3) established effectivend3sdentification ofrelevant costs and
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consequence$b) appropriate measement of costs and consequeng¢écredible valuation
of costs and consequencgg); costs andansequences adjusted for timing; (8) incremental

analysis; (9) uncertainty analys{40) discussion of issues of concern to users.

Data extraction

A data extration template was developed aundized foreach of the studies selected

full -textanalysis: Extracted information included author names, year of publication, country
of study, aimsefistudy, study type, population included, intervention studied, comparison
group, time horizon of studgurrencyandreference yeamain resultsand comments for
discussion. Rtawereextractedndependentlypy two reviewers (BFS and UT)

Discrepancies on extracted datarecrosschecked and discusseuth final decisions

agreed betweeSTFS, UT, and RC

Outcome measur es

Two outcomemeasuresvere targeted in the reviewcost (defined according tthe method
used in the,study, e.g. total cost, per case, per episode, lifetime, etih¢ arobt
effectiveness'ratiqe.g. increnmental costeffectiveness ratio [ICER])Costswerenormally
reported as cesbf specific treatment fo€P. Health economics studi@sesenting the

burden of tseaseor cost of ilinesselated to CP were excluded from the present paper and
reported elsewherg The focus of the present paper was to prosidalue judgement of
efficiencyfor interventiongargeting CPwhereas thburden of diseaser cost of illness
studies presenteddescription othe magnitude of the condition or impact of the problem
without enough information to make value judgements. Although studies reporting cost of
specific treatment or therajgyp not assist imaking a value judgement of efficiency, they
were included.inithe present paper as they provided information about budget implichtions
interventions*forCP. For the purposes of this review, arguable assumptionsnmetieded

studies if anyywere also recordet flag variations between studies

RESULTS

There weré@80references identified from the electronic databaséter removal of
duplicates, 70@itles and abstracts were screened. Basemlioimclusion criteria,L15articles
were included for fulkext assessmer@f these 15articlesmet the criteria of economic
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evaluation and 18 publications reported cost of treatriiéiet PRISMAflowchart,
demonstrating the identification, screening, eligibility, and inclusion of studigisovgn in

Figure 1.

The 15included articleseportedeconomic evaluatioresultsof ICER for the
following interventions prevention of CPr=4, including oneonference abstract)'”;
botulinum‘toxinA (BoNT-A) injection (=4, including one conferenabstract)®>*:
intrathecal.baclofen (ITB) theragg=3)*>>* functional electrical stimulatiofn=1)>>;
proximal femoral hardware retenti¢n=1):*>; web-based home program=<1)*"; and
lifestyle int€rvention(n=1).”® Severof these economic evaluatewere conducted bg
modelling approach, wineassix were economic evaluatioasongside clinical studies or
randomized controlled trialRCTS. The results of the data extractidnesm the economic
evaluation,studies are listed in TableTwo studies were classifieaspartial economic
evaluations (i.efunctional electrical stimulatioand proximal femoral hardware retenti@s)
either no comparison groufatawas presented or no comparison of outcome and cost were

carried out:

There werel8 publications that reportesh the costs of treatment and therapy in 15
studies eitherasspart ot clinical study assessing effectivenessas a dedicated economic
study. Among thesesjx studies were cost anabsor budget impact analygsef BONT-A;
four involved-TB therapyfour werecost studiesf various surgical procedurdsjo were
assessmestofgait analysisandtwo studiesfocused on communityzased care and a
specialized seating delivery model. Detailsn@ludedeconomic evaluation and cost analysis

studies are discussed blow.

Economic evaluation studies on prevention of CP

Magnesium'sulfate

Administrationsof magnesium salkie in women at risk of preterm birth to prevent CP is the
most promising interventioof those studietb date. o decisionanalyticmodelling studies
were carried“ouiby Cahill et al. and Bickford et al assess the cosftfectiveness of this
intervention:**°Both studies modelled the cost and outcome for a lifetime horizon and were
undertaken from both tHeealth systemperspective to account foesources incurred in the
healthcare sectqrincluding out-of-pocket costs to the individuals, #mef'societal’

perspectives to capture a broader rangenphcs.
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In thestudy by Cahillet al,*® cost was estimated in US dollamsd aitcomes were
reported agjuality-adjusted lifeyear(QALY). The strategies were also compared in terms of
‘cases prevented’, ‘neonatal or infant deagthad costeffectiveness ratios. In tlgtudy by
Bickford et al,** CP was the only neonatal outcome included in the models and all costs were
presentdiin2011 Canadian dolla(€ AN$). Data from four RCTs were pooled to obtain the

probabilitiés of GP of various sevéei for the Canadian study:>?

Rorimminent preterm birth, use of magnesiumagelivas a dominant strategy that is
both less costly ahmore effective than the alternative of no treatnfiemm both the ‘health
system pefSpectiveind the broader ‘societal perspecti¥eThe broadeperspective
includedprodutctivity costssuch asll costs associated with lost labour market productivity
for adults with CP, andocial costgonsisting of all costs associated with specialized
educationgspecialized housing, and lost labour market productivity for primary care

providers of children with CP.

For threatened preterm birth, the interventi@msdominant from the ‘societal’
perspective and,cosffective from a ‘health system’ perspective. From the narrower healt
system’ perspective, the model predicted an ICERANI$2083 per QALY gained and
CAN$28,755.per CP averted. With the decision threshold forefésttiveness of ‘$5000
per QALY’ applied in countries like Australia, the UK, and Canada, a resGIABNS2000
per QALY would suggest strong caosffectiveness.

The study of Cahill et al. also suggested that, compared with no treatment, magnesium
sulfate was the dominant strate@aving costs and gaining more health benefiteen given
to women'withpreterm premature rupture of membranas well as women at risK
delivery before.28 weekgestation*® However, the intervention was not cestectivewhen

the risk reduction in moderate-severe CBy themagnesium treatment was less thdfo.

Other preventative interventions for CP

One study repeorted a trial-based economic evaluation ofettabbsurveillance strategies
focused specifically on the prevention of EPThe trial results indicated a reduction of CP
cases through the surveillance sgges of cardiotocography pl&3-segmentvaveform
analysis of the fetal electrocardiogram versaigliotocography alone. Without a common
metric like QALYSs, this result is limited in informing the ‘valfi@-money’ of surveillance
per se, but is useful for decisions around technical efficiency (i.e. how to offeillanoeeto
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whomwith what modalityjf a decisioris to bemade tooffer fetal surveillance)We are
unable to conclude whether or not this intervention is effstive by the threshold of $50
000 perQALY. However, fetal surveillance s@gnificantlylesscosteffectiveby the ICER of
€167 854 perime CP casprevented compared with the ICER of CAN$28 755 per CP

averted by magnesium intervention.

Economic ‘evaluation studies on treatment for CP

BoONT-A injection

Three studiesshave assessedctisteffectiveness oBONT-A injection in the management of
spasticity butthey demonstrate inconsistent resiftg* In a modelled evaluation in the
Australian setting, conducted as part of an application to the Pharmaceutical Benefits
Advisory Committedor drug listing, thecase is based on equivalent efficacyBoNT-A
injection andsserial castinghe effects oBoNT-A lastedlonger and thereforié was

regarded asithespreferred treatnféfthe efficacy of the treatment was modelfesin RCTs
including Atistralian patient3*3*A cost consequensanalysis was undertaken in whidtet
costs and consequences of treatment were presented separately and only the direct medical
costs weresncluded. The additional costBoNT-A injection, discounted at 5% annually,
was 793Australian dollars (AUD$) for patients with hemiplegia aidD$867 for diplegia,
over a treatment interval of 3.7 years. The study concluded that the additional costs
associated with BoN‘A over and abovseerial casting treatmentere modest and could be

offset by indirect costs (e.g. travel cQstsanalysdfrom asocietal perspective.

Furtheriamore recenRCT (2015)showed no statistically significant evidence for the
added value odBONT-A treatment followed by imnsive physiotherapy compared with
intensive physiotherapy alon®The trial found trends towards the intervention effect in
favour of only intensive physiotherapy for improving gross motor funcpe.095),
decreasingedentary behaviour during everyday physical actiyty0(087), and improving
quality of life (9=0.066) The addition oBONT-A to physiotherapy improved everyday
physicalactivity ove24 weeksfollow-up (p=0.064),with a significantlyhigher treatmet
cost (€8963 vs €618p=0.001).The higher treatment codid not seem to b&arrantedor

the improved daily physical activity in the short-term, but leergrimpact is uncertain

A third modelling studyconstructed aecisiontree model to simulate the effects of
Abo-BoNT-A, OnaBoNT-A, and standard therap§Treatment efficacy, measured as the
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proportion of patients with spastic CP who avoided orthopaedic surgery at the end of 2 years
of therapy, was obtained from available clinical tri&llso-BoNT-A plus standard therapy is

the most coseffective treatment choice with the lowest ICER. Similar results foerg in
anothermorerecent economic studyf BONT-A treatmenin which two types of BONTA

(i.e. AboBONT=A and OnaBoNT-A) were compareth 895paediatric patientaged 2 to 18
yearswith $pasticity*® This was a cosminimization analysis, where the treatment

effectiveness wasquivalent between the two drugs, conducted alongside a longitudinal
observational studyl he total direct cost (pharmacological anddical visits) difference was

€208 per year per child in favour of treatment with AmNT-A.

ITB

Despite theslimited efficacy base, thevere threeeconomic evaluation studies BB, two
modelling studies and omesteffectiveness analysi€EA)/costutility analysis CUA)
alongside @ national study on the efficacy of FfB* The modelling studies aimed to

simulate realife scenarios

Onemodelling studycomparedhe costeffectiveness of ITB used as the filiste
treatmentwith=all other conventional treatment options offered to patients with spASticity
The comparatoras a package of specific current treatments based on the most established
Frenchtreatment pattes) namely: physicdherapy only,oral antispastity agents, focal
spasticity treatments, neurosurgical interventions, nursing care, and ITBI{Blpstential
adjustment'dose plus potential pump removal). Two decision trees were constructed by
simulation‘'modelsising computer programming languagiest aimedo replicatereatlife
clinical practices. Using ITB as the fislte strategy in severely impair@wdividualswith
disabling spasticity had a significantly higher success rate than conventional medical
management (78.7% vs 59.3p&0.001). ITB was considered to be the dominant strategy
providing greater effectiveness at a lower cost.

In a further study, an ICER &fSD$42 000 peQALY in aCUA was reported’ The
likelihoodthatiITB has a cost pepALY of less than or equal to USD$50 006s greater
than70%. Similar to te modelling study discussed abG%¢he CUA comparedTB with a
conventional medical approach among children who had not responded to less-invasive
treatments such as oral dieations. A mathematical metisimulated the experience of two

groups of children, alTB group and an alternative treatment group, followed oveyeab-
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treatment period. Based on results of 15 studies selected by the &witkerdifythe typical
symptom profile of a child with severe spasticftye health states were established to
describe a typical child receivin@B. Utility weights for each health state were rated by a
panel ofnineclinicians using the Health Utilities IndéxBy drawing random samples with
bootstrappingtechniques from the appropriate sets of utility and cost values, the model
createl a set of data points for members of each otwitecohorts.ICERs were derived from

the bootstrapping data sets of cost and utility that generated QALY over a 5-yedr per

In contrasto these deskop modelling studies, a CEBIUA was carried out
alongside @ Duteh national study on the efficacy and safety of ITB therapy finechilith
CP.Z Data WeFé collected from a sample ofything people aged between 7 and 17 years at
the time of pump implantation with Gross Moteunction Classification Systelaveklll to
V. The econemi@valuations compared the costs and health effects oivifBstandard
treatment only, for a 1-year period. Standard treatment included physical therapy,
occupationaltherapy, and/or rehabilitation. Both the CEA and the CUA was undertaken f
the healtlcare perspective, taking into account all relevant resources consumed. Additional
health effects of ITB were assessed by using the visual analogue scale for individual
problems in theé CEA and the EuroQol-8Dthe CUA*® Owing to thesmall sample size,
bootstrapping.methods were undertaken to verify the reliability of the resthit4 000
replications:. The results showed ITB therapy was-etisttive by improving health outcome
at a reasonable cositivan ICER of €3Z737 per QALY (usinghe Dutch EuroQol5D index)
and €28 27®er QALY (using the UK EuroQobD index).

Other therapies and interventions for treating CP

Recently,aCEA was conducted alongside an RCT to estimate the cost and benefits of
providingasmultimodal wekbasedprogram delivered at honte facilitate intensive motor
planning, upperlimb, gross motor, and cognitive rehabilit#fide participants of the RCT
werel02 children with spastic unilateral CP aged 8 to 18 years with Gross Motor Function
Classification'Systertevel | or Il and Manual Abity Classification Scaléevels| and 1.

The ICER resultseportedas’ cost pemproportion ofresponders’, defined as th@nimum
clinically important difference bgither0.3 logits orthe Assessment of Motor 8rocess

Skills or2 points on the Canadian OccupatioRalformancéMeasure, ranged from
AUD$3078 toAUD$4191 comparedith usual careWith modest costs aralsignificant

difference in proportion of responders for the intervention group, the authotadeshhat
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the interventioroffereda costeffective program adjunct to direct rehabilitation for limited

costs and greater gains in health outcomes.

A CUA of a lifestyle intervention was evaluated alongside an RCT for 57 adolescents
and young adults aged 16 to 24 years wittfCFhe analysi®xamineda 6month lifestyle
intervention consisting of physical fitness training combined with counselling sessions
(focused on physical behaviour and sports participation), compattethe control group
who continued.with usual care. Intervention costs, direct medical costs, and ptibducti
costs were assessed, w209 Dutch reference unit prices. Quality of life was measured
using the Short'Form-36 and converted into SRorm-6D utility scores®’ The preliminary
results showed the intervention group gained 0.0131 QAdu¥salower annual total cosnf
€310 compared with the contrgkoup. However, none of the comparisons in cost or
outcome between the two groupsrestatistically significant. Bootstrapping results showed
86% of ICERswere less €2000 per QALY. The study suggests a lifestyle intervention is
costsavingror-coseffective compared with offering no intervention to improve movement

behaviourrand+fitness among young peaylté CP.

Costing studies of treatment for CP

BoNT-Ajinjection

Two budget impact analyses, undertaken in the UK and the Russian Federation, showed that
Abo-BoNT-A.was a less costliyeatmenthan other BONT-Anjections for example Ona-

BONT-A orINco*BoNT-A. %% |n the UK studytreatentwith BoNT-A for patients with

upperfimb spasticity was less chgthan ‘best supportive care’ per patient per ySate

that the meaning of ‘best supgue care’ variegrom country to country. In this study an
increased uptake @&bo-BoNT-A resulted in a fear savingf £6 283 829 from the UK

payefs perspective.

A retrospective clinical notes review in Germanycbiidren treated witlBONT-A
showed an+85% reduction in the percentage of children requiring surgery and 60% shorter
average legth of staythanthe control group who would be eligible but did not receive the
treatmenf® The total cost of managing a patient receiBmNT-A during their first year o
treatment was found to be €16 700. The comparable cost of managing a contrglagienip
was €3300. The researchers concluded that the uB®NIiT-A released resources for

alternative use during the first yestertreatment, without any loss of clinical improvement.
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| TB therapy

A retrospective database analysis using actuarial methods was carried out to investigate the
cost associated with ITB therapy for adjunct spasticity control verstaisiged conventional
medical management in the absence of ITB therapy-{i&®.** Cost projections were
developed overa 30-year time horizon. Costs in the month of implant and in the following
year werdJSD$26 375 more than conventional management. However, financial break-even
occuredbetweerthe second and third years @& implant. The lifetime analysis indicate
thatITB wascost savingwith USD$809savedper patient per year compared with
conventional.therapy (3% discount ra2807 referenceaa). Most of the savingaere

derived fram reductions in inpatient admissions, physician office visits, andieatpat
physiotherapy. However, another stubdgtcompared 9 months before aafterimplantation

of ITB indicated jno significant difference in total co&ts.

Surgical procedures

A micro-casting study detailing cost components associated with an intervemgisn,
conducted-tordetermine heatthre costs of upparxtremitysurgical correction in 39 children
with spastic CPYat a Dutch hospitalThe average hospital cost was €6813 per child
(reference'yea2014), consistig of medical costs from the first contacitil 9 months after
surgery. Rehabilitation costs were estimated at €3599 per child with an average ofth® m

duration of'the“rehabilitation program.

A costing exercise to produce patient level costing fdtall instrumented scoliosis
correctiongswas-performed to inform a national tariff for paediatric spinal surgéwy in
UK.* Atotakeast of £20 340 was estimated from @&ients witon-diopathic scoliosis
with neuremusculaiCP, congenitgland syndromic scoliosis. Another retrospective review
of 74 surgical patients with neuromuscular scoliosis (28% @ihindicated a totalSD)
surgical cost of USD$50 096/6D%$23 998).*° Major contributors to the cosf scoliosis

surgerywere implants, inpatient and intensive care unit costs, and bone grafts.

Gait analysis
Onestudy concluded that computerizeaitganalysisvas a potentially useful technology in

the management of children with walking disabilities, but its efficacy had not been
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established® Later, a retrospective study in 462 ambulagmatients withCPwas conducted

to compare the number of procedures and total costs between groups of patients undergoing
gait analysis versus no gait analy¥i&\djusting for ageCP type, ambulatory statu§ross

Motor Function Classification Systelevel, and follow-up time, patients in tlgait analysis

group had more procedures (gait analysis: 5.8; no gait analysip<8.201) and higher

coss (gait analysisCAN$43 006; no gait analysi€AN$35 215;p<0.001) during index

surgery butless subsequent surgstgrthe index surgery. Patients in the NGA group were
twice as likely to have undergone additional surgery gaients in thegait analysis group
(adjusted hazard ratio 2.450.002).

DISCUSSION

When interpreting the findings of this reviewid important tanotethat the term ‘economic
evaluation’ has a very specific meaning and flows from the overarching economiplprinc
of ‘opportunity cost’ — that in choosing one action we give up the benefits that might flow
from alternative actions. This underlies the concept of efficieribgt of maximzing net
benefit (i.e. benefit gained vs benefit forgone) with resource use, wtlilod sechanism that
enables measurement of benefits gained or forgone. In applying this principle, economic
evaluation must involve a comparison of alternatives (often ‘current practie& ‘option

for change’) and must involve an analysis of both costs and benefits. A comparison of only
outcomes may.establish efficacy/effectiveness, gpemison of only costs may establish the
cheapest option; however, both are required for effsttiveness. Similarly, a comparison of
cost and outeemes for a single intervention is a co&teme description; it is not an
economic evaluation. Economic evaluation can be conducted either alongside sflirtl=d,
such aRCTs or by a modelling approach that constructs mathematical relationships to
simulate relevant consequences, such as disease progressigrihebest available
information. The modelling study is helpful in the absence of data certainty or véthdifere

studies are too-difficult to conduct.

The generic concept of efficiency is further refined to target one or both of two key
guestions(1) should an intervention be undertaken or ceased (i.e. f@lmeney or
‘allocative efficiency’); and (Rif an intervention is to be undertaken, how should it be

designed (i.e. ‘technical efficiency’). There are different types of economic evakitdion
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answer these questions, mainly differentiated on the basis of how they measute benef
Evaluations that focus on the measurement of clinical and/or physical outcomes are called
CEAsand are often closely linked tioe primary and secondary outconaddrials.

Evaluations that focus on measurement of quality of life atedcd@lUAs and require
preferencebased utility instruments. Evaluations that focus on measuring benefit in dolla
terms are c&d cost—enefit analysesThe different types of economic evaluation have
different credentials in terntd whether they can address allocative and/or technical
efficiency.gThe most preferred intervention is, in economic terms, a dominant interyention
which bothsaves cost and improves healthcomes. Following the notion of ‘dominant’, a
costeffective irtervention is one that improves health at additional cost with a lavizR
value. However,there is no explicit ICER threshdthblishedinstead a geneal rule of
thumb, for example less than $50 000 per QALY is commonly used in countries like
Australia, the UK and Canad®

It issehallenging to compare cost and eeectiveness of different treatment and
interventionstinta direatiay, as the decision contexts and the hecdite systemare diverse.
More impartantly, the treatment and interventions for CP all have different fiotisaothat
clinicians and policymakers should not make decisions merely based on the economic
considerations. Clinical judgement and economic value judgement dieatdically
examinedside by side. Judging the economic credemsaigcommon outcom measures,
such as cost per QALY iBUA, is preferable to using differentitcomes in cost-
effectiveness measured bifferent studiesA number of studies in this review reported
incomparablesdlCERS, so thavalue judgementould nd beformed For example, cost per
proportion‘ef responders by the specific measurements in the multimodal web-basathprogr
RCT are of'limited use as theyrmcwt be compared to other interventions without this
specificroutéome measureméhCautian is always requiredhencompamg one study to
another as assumptions are sometimes made, particularly in modelling stweligsh

assumptions made for the model parameters could impact on the conclusions.

The studies reported proviéeidence thaprevention ofCP using magnesium suaife
in pretermebirthss costeffective’*° Substantialifetime costs attributable to CP have been
reported in the USA and Europe, with the latest estimate up to USD$921 000 pef*person.
In Australia,theannual cost per person with CP was estimated at$43D2131 andct
AUD$115 000 if the disability and premature deasss included? In Australia, the number

of pre- and perinatally acquired CP cases over the 1993 to 2006 period was estimated to be
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4817° If effective prevention of preand perinatally acquired CP can be aubil, he

reduction in CP cases in Australia could be translated into direct and indirect financial costs
of AUD$67million per year averted by applying the Australian annual cost per person with
CP.>? Put another way, the reduction in CP cases equates to a lifetime t&D$4.4billion
averted, if thadSestimate of lifetime costs is applieiCurrent economic modelling studies

on the use of magnesium il suggest the intervention islaminant strategy’ for

imminent preterm birthh® With this ‘back of the envelope’ calculation, it can readily be seen
that effective prevention strategies like magnesiufasakould bring substantial iefl to the
healthcare system, to the welfare systeminaividuals and their families, and to

government.

Administration of magnesium salie in women at risk of preterm birth is the most
promising intervention to prevent @Pterms ofcosteffectiveness to dagmong the 15
included economic evaluation publicatiofe intervention of magnesium &ate for fetal
neuroprotectionis either dominant or very cost-effective, depending on the risk level of
preterm birthrand the perspectiakén by the analysiStrong evidencef the benefit of
magnesium stdte in preventing CP among very preterm babies has led to the development
of guidelinedorits use which have been endorsed by the Australasian College of
Obstetricians.and Gynaecologists and the National Health and Medical Researchouncil
Howevergthe uptake of these guidelines has been limitethagdesium siate is only used
as a strategto prevent Ckn a small number of womehlevertheless;7% of CP cases

occurin tefinborn babiesvhere magnesium date has no role in preventing CP.

In gontrast, the fetal surveillandaring labour intervention was not cestective
with ICERs that varied between €78 719 and €393p894Pcasepreventedin the majority
of CPcasesthe underlying injury occurreaeforelabour onsetThere is evidence of
peripartum asphyxia in only about 1@fterm births resulting in CFRAccordingly, no matter
how effective.intrapartum fetal surveillancangdetectng fetal hypoxia/asphyxidt, will only
afford opportunities for mitigation in a small number of casés. [CER results are limited
in assegng thettechnical efficiency tdetermine what is the best way to undertzkal
survellancepwith what modality andin which target populatiorNew researclreasn the
prevention of CP in highisk populations include use of antioxidant therapéeg.(nelatonin)
in the perinatal period to protect the fetus, particularly the developing brainsagsidative

stress in pregnancy aatlbirth.>® Further evidence of efficacy and effectiveness is required.
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In addition to prevention of CP, the economaialysis of CRncluded studies of
BoNT-A andITB. Modelling simulation studies suggest thBB could be coseffective or
costsaving, although its efficacy is still to be verified by stronger evidénteHowever,
inconsistentesults otthe costeffectiveness for BON-A injectionhave been reportdtbm
four econamicevaluation studies, mainly owing to the additieffectivenes®f the
treatment comparedith the chosen comparator, for examgdgal casting, intensive
physiaherapyor standard treatmefit>* Furthermore, some results are indicative and do not
constitute strong evidence of valt@-money without evaluating loraggrm effect or
reporting ICER. by QALYsSBONT-A injection is better for purely dynamic equinus but often
it is used for mixed equinus when there is some contracture. Serial cagghtdy slightly
superior to'BONTFA injection when there is a little more contracttie® This raises the
importance of ¢ritical conderations irthe clinical context. In contrast, for economic
considerations, ithout a unified comparator it is difficult to draw conclusabout the
economic value of the treatmeNeverthelesst is clear from studies comparing different
typesof BONT-A that Abo-BoNT-A is the most economical choice compared wither

types with equivalent treatment effect.

There is'evidence in the literature that BeNTnjection is effective for CP
management,(e.g. spasticity, motor function), but the results are inconsistentABONT
injection.for'the upper limbs has been used with good efficacy if combined with therapy to
reduce spasticity and improve hand functicf other studies have shown that BoRT-
injection iSlineffective for hip displacemetit® One animal study suggests that repeat
BoNT-A injeetions may have potential harm in dramatically reducing muscle torque and
producing fibrosi$® BoNT-A injection is considered effectivfer the following goals
reduction egf'upper- andwer-limb spasticity; mproved walkingabilities improved hand
functionand*performance of functional hand activities in combination with occupational
therapy:andreduction in drooling* BoNT-A has been used in young children to reduce
spasticity in multiple muscles before children are old enough to undergo surgicalysesce
There isadebatg howeverabout its overall clinical benefitfwo RCTsinvestigating
BoNT-Avinjection frequency concluded that yearly injecti@rsusevery4 monthsachieved
the saméereatmeénhbutcomes for lowelimb spasticity in children with CF° Substantial
savings, ilfedical costs andost to the families in time and travelpuld be madé the
BoNT-A regimenwas reduced froravery 4 month$o yearly injectionsBased on the current

economic evaluation assessment, use of BéNijection may be costffective but further
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research is needed on its overall eefé¢ctivenessgor differentapplicationan CP

management.

Many budget impact analyses arabting studies assesdbe cost of BONTA versus
control groups. The selection of comparator ranged from ‘best suppoate’eto ‘usual care’.
The meaning. of ‘best suppve care’ or ‘usual care’ will vary from country to country and
alsowithinicountries. Therefore, it is hard to draw conclusas$o whether cosavings in

using BeNT-A.teo manage CP in one country are applicable to another country.

The current economic evaluation literatoegardingl TB therapy suggests that the
interventionis costeffective in the shoiterm andcould be a dominant strategytire long
term.Howevergnthe efficacy and effectiveness of the therapy has not been well established
and srongerevidence is required. According tegstematic review of systematic review
on best available intervention evidence for children with, CHB therapy was graded as a
‘yellow’ intervention, that is, where predominantly low-quality supporting evidence is
available and the size of the gains varied between stifdiesas graded as a ‘probably do it
intervention, but.quality and wetlesigned clinical trials are necessary to verify efficiCi.
may benefit children with severe spasticity of cerebral origin who havespuinded to less

invasive:treatments such as oral medications.

Costeffectiveness ratios were presented by sstundies that were not economic
evaluationsthat is, by cost outcome descriptions. This can create confusion for readers and
such studies need to come with a warning that the information provided is desenitive
does not report efficiency. Economic evaluations should report incrementalrcoedtgion
to incremental outcomes. HowevBLERswere not often reported. There are various
guidelines fer.eritical appraisal/reporting of economic evaluation stualigsio universally

acceptedtriterionstandad is used?°®*%

CONCLUSION

It is clearfram the present systematic review that the economics of CP is-tesg&rched
and more econemic studies in this topic, as well as-teng clinical studies, are needed to
provide robust evidence to inform value judgementghittime, siccessful peventionin
CPwouldclearlyavoid significant costs'headministration of magnesium saté for

imminent preterm birtlis a dominant strategy resulting in less cost and more benefit
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comparedvith no treatment. However, guidelinies the use of magnesium &ate in
preterm labour are not wedldhered t@ndit will not benefitthe large proportion obabies

born atterm

Economic evaluation of ITB therapy suggdsistthe intervention is costffective,
but stronger evidence for lorigrm effects is needetimplantation of the ITB drug delivery
system is expensive and kes no difference in the shaerny however|TB maybe a cost
saving intervention ithelongterm BoNT-A injection is more costly than other
conventional.therapies (e.g. serial casting and physiotherapy), muidesceor additional

treatmenbenefitsis inconclusiveand the longerm effects are uncertain

A web-based home therapy program is considered veryegfesitive with
improvements in motor skills and occupational performance. A lifestyle imtgowecould be
costsaving or coseffective compared with offering no intervention to improve movement

behaviour'and fitnes§ait analysis is potentially useful technology.

There. are larggaps intheevidencehat is available about tledfectiveness of
interventionsaswell as a lack dfigh-quality economic appraisal in clinical studies.
Continuingtobuild evidence about both tti@ical and economioutcomes of interventions
aiming to-prevent CP or to improve outcomes for individuals withsC@#tical for policy

making andsservice delivery.
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Tablel: Searehsstrategies for various databases

Database Searchterms
Ovid MEDLINE

1 "cerebral palsy".s

2 cost*.ab. or "costs and cost analysis".sh. or "cost benefit
analys*".ab. or "cosbenefit analysis".sh. or "health care
costs".xs

3 1and z

Embase

#1 ‘cerebral palsy"ab,ti

#2 ‘cost":ab,ti

#3 ‘cost effectiveness analysis':ab, i

#4 ‘cost benefianalysis':ab,ti

#5 'health care costs':ab,ti

#6 #2 OR #3 OR #4 OR #5
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#7 #1 AND #6

CINAHL, PsycINFO, HEED, EcolLit databases

S1 MJ cerebral palsy or Tl cerebral palsy or AB cerebral palg

S2 TX (cost effective analysis or cost effective* or doshefit

analysis or economic evaluation)

S3 TX (randomized controlled trial or rit

S4 S1 AND S2 AND S3

Sh, subheading; ab, abstract; xs, exploded subheading; ti, title; MJ, word in major subject

healding S, search.
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Tablell: Data extractioirom studies reporting an economic evaluation of interventions for cerebral &y

Reference

Country

Aim

Study type

Time horizon

Population

Magnesium sulfate

Bickford.et al.
(2013}

Canada

To assess the cest
effectiveness of administering
magnesium sulfate to patients
in whomPTB at <32wk

gestation

Decisiontree models ang
probabilistic sensitivity

5 analyses using TreeAge

Life expectancies at birtl

Magnesium

fetal neurog
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Cahill etal. (2017f | USA To estimate the cost Decision analytic and Life expectancy of 75y | Magnesium
effectiveness of magnesium | costeffectiveness model therapy for
sulfate neuroprophylaxis for prevention
all women at risk for PTB preterm infe
before32wk from a societal
perspective

Cahill et al. (2009 | USA To estimate the cost Decision analytic and Magnesium
effectiveness of magnesium | costeffectiveness model therapy for
neuroprophylaxis for all prevention

women at risk for PTB before

preterm inf
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32wk from a societal

perspective

Vijgen et al. (2a1)"" | The Netherlands

To establish the cost
effectiveness of two strategie
of fetal surveillance during

labour to prevent CP

A trial-based economic
sevaluation from a health

care provider perspectivg

A} %4

Fetal surve
labour with
cardiotocog

ST analysis

BoNT-Auinjection
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Tapias et al.

Spain

To conduct a CMA of abo- CMA alongside a Average time of follow- | aboBoNT-A
(2016)° BoNT-A vs onaBoNT-A in observational up: 18.6 months for abo-
treating patients with paediatrjdongitudinal study BoNT-A and 19.06
spasticity months for ondBoNT-A
CatsmarBerrevoets| The Netherlands To compare effectiveness an¢ RCT BoNT-A folls
et al. (2015)° costeffectiveness of BONTA (n=41)

+iPT vs only intensive PT
treatment in &RCT
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Yagudina etal.
(2015¥°

Russia

To conduct a CEA of abo-
BoNT-A + standard therapy,
onaBoNT-A + standard
therapy and standard therapy
solely in patients with spastic
CP

Decision tree model

aboBONT-£
therapy vs c
+ standard 1
standard the
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Houltram.et.al.
(20017*

Australia

To compare two methods of

conservative management of
calf spasticity and equinus ga
* intramuscular injection of

BoNT-A andserial casting

A cost consequence
analysis with a simple
teconomic modelling
approach to establish
resource utilization by

treatment arm

BoNT-Aint
managemel

in children v

ITB therapy
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Bensmail et al. France To assess the cest Modelling study Various treatment ITB therapy
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QALY, quality-adjusted lifeyear; PTB, preterm birth; PTL, preterm labour; PPROM, preterm premature ruptnesntifranes; ICER,
incremental coseffectiveness ratio; CRF, case report form; BeAlTbotulinum toxin A; CMA, cosminimization analysis; NHS, National
Health Service; PT, physiotherapy; RCT, randomized controlled trial; iPT, ivegpisysiotherapy; CEAGosteffectiveness analysis; PBAC,
Pharmaceutical Benefits Advisory Committee; ITB, intrathecal baclofen; CUAuttst analysis CITB, continuous ITB; E@D, EuroQol-
5D; VAS;visual analogue scale; HUI, Health Utilities Index; GMFCS, Gross Motor Function Clagsifigstem; AMPS, Assessment of
Motor and Process Skills; COPM, Canadian Occupational Performance MeasG@6;Stort Form-36; SF-6D, Short Forr-6
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Figure 1: Preferred Reporting Items for Systematic Reviews and-MetdysesPRISMA) flow diagram.NHS, National Health Service; EED,

Economic Evaluation Database; HEED, Health Economic Evaluations DatabasdyuBdén of dsease
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Figure 1: PRISMA Flow Diagram
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