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Abstract  

Background and Rationale 

Cerebral palsy is an umbrella term for a group of non-progressive disorders of movement and 

posture. Compared to their typically-developing peers, children with cerebral palsy are at an 

increased risk of multiple comorbidities and frequent acute illnesses that affect almost all of 

the organ systems, and as a consequence, have significantly greater medical care needs. There 

is growing interest internationally in investigating the patterns of medical service use among 

children with complex conditions such as cerebral palsy. It is hoped that a greater 

understanding of their healthcare needs could assist with decision making around health 

service delivery for this group. 

Aims 

The aims of this thesis were to describe the patterns of medical service use among children 

with cerebral palsy, identify factors associated with the frequency and type of medical services 

used by this group, and compare their hospital admission and emergency department 

presentation characteristics with those of the general population. A secondary aim was to 

explore with parents the financial implications of having a child with additional medical care 

needs. 

Methods 

Population cohorts of children with cerebral palsy and data linkage techniques, as well as 

survey methods, were used. The Victorian Cerebral Palsy Register was linked to the emergency 

department and inpatient databases of the Australian state of Victoria’s two paediatric 

hospitals to examine service use at these centres, and to the Victorian Admitted Episodes 

Dataset and Victorian Emergency Minimum Dataset to investigate statewide admissions and 

emergency department presentations respectively among population cerebral palsy cohorts. A 

purposefully-designed survey gathered information from parents on other medical services 

used, and on how they cope financially in light of their child’s medical care needs. 

Results 

Of 2,183 children with cerebral palsy, 814 had at least one emergency department presentation 

and 1,443 had at least one admission at one of Victoria’s two paediatric hospitals over a five-

year period, accounting for an average of 1,400 admissions and 700 emergency department 

presentations at the two hospitals each year. A higher than expected proportion of paediatric 

emergency department presentations were triaged as high urgency (71%) and resulted in a 
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hospital admission (44%). Children with severe and/or complex cerebral palsy had more 

frequent admissions and emergency department presentations to the two hospitals, as well as 

higher re-admission rates. A similar pattern was observed when admissions and emergency 

department presentations at all hospitals in the state were investigated, those children with 

more severe and/or complex cerebral palsy having more hospital episodes each year. 

Compared to the general population of children, those with cerebral palsy had longer lengths 

of stay (median of 3 vs 2 nights; p<0.001), and more procedures (median of 2 vs 1 procedures; 

p<0.001) per multi-day admission, and more emergency department presentations that were 

preceded by an ambulance arrival (27% vs 8%; p<0.001), triaged as being of high urgency 

(66% vs 34%; p<0.001) and resulted in a hospital admission (38% vs 13%; p<0.001). 

Ultimately, they accrued higher hospital charges per episode. The types of paediatric 

specialists most often seen in outpatient settings were general or developmental 

paediatricians, orthopaedic surgeons, rehabilitation specialists, and neurologists. Most 

children received medical services from a number of different providers, in multiple different 

settings, and this continued into adolescence and early adulthood. Overall, the number and 

complexity of hospital episodes, the number of professionals involved in their medical 

management, and the proportion of families reporting financial difficulties all rose with 

increasing cerebral palsy severity and complexity. 

Conclusions and Significance 

Through a series of data linkage studies and a purposefully-designed parent survey, this thesis 

provides new knowledge about medical service use among children with cerebral palsy. It 

provides, for the first time, objective population-level data on which future decisions around 

health service delivery for this patient group can be based, as well as highlighting some future 

research priorities.  
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1.1 Definition 

Cerebral palsy is the most common cause of childhood physical disability in developed 

countries worldwide. The first descriptions of cerebral palsy date back to 1843, and are 

attributable to orthopaedic surgeon John Little.1 One of the first formal definitions of the 

condition was put forward in 1957 by MacKeith and colleagues who comprised the Little Club, 

a group of neurologists and other medical professionals based in the United Kingdom.2 They 

defined cerebral palsy as “a permanent but not unchanging disorder of movement and 

posture, appearing in the early years of life and due to a non-progressive disorder of the brain, 

the result of interference during its development”. In 1964, a working group, which included 

some of the original members of the Little Club, went on to refine this definition. This 

definition, published by Bax, described cerebral palsy as “a disorder of movement and posture 

due to a defect or lesion of the immature brain”.3 

Over the next few decades, an emphasis was placed on classifying and describing cerebral 

palsy from an epidemiological perspective, and attempts were made to emphasise the 

heterogeneity of the condition. In 1992, Mutch et al. published a summary of a number of 

meetings that were held across Europe and America between 1987 and 1990. The group 

defined cerebral palsy as “an umbrella term covering a group of non-progressive, but often 

changing, motor impairment syndromes secondary to lesions or anomalies of the brain arising 

in the early stages of development”.4 

In light of new understandings in child development, and a perceived need to review the 

definition and classification of cerebral palsy, an international workshop was held in Maryland 

in July, 2004.5 This group wanted to put forward a definition that would emphasise that 

cerebral palsy is not an aetiological diagnosis, but instead, a descriptive or umbrella term, 

while also highlighting the most common comorbidities experienced by individuals with the 

condition. They concluded that “cerebral palsy describes a group of permanent disorders of 

the development of movement and posture, causing activity limitation, that are attributed to 

non-progressive disturbances that occurred in the developing foetal or infant brain. The motor 

disorders of cerebral palsy are often accompanied by disturbances of sensation, perception, 

cognition, communication, and behaviour, by epilepsy, and by secondary musculoskeletal 

problems”.6 This definition has not been without criticism,7-9 but has become widely accepted 

and is used by clinicians and researchers internationally today. 

To summarise, defining cerebral palsy is challenging due to its heterogeneous nature. 

However, all definitions specify the following: 1) it is a disorder of movement and posture, 2) it 
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results from a non-progressive injury or lesion in the brain, and 3) it is acquired early in life.10 

Although the brain abnormality in cerebral palsy  is non-progressive, in most affected 

children, it results in progressive musculoskeletal pathology.11 What is important to recognise 

is that cerebral palsy is a description rather than a diagnosis per se, and it is aetiologically and 

pathologically very diverse.12 

1.2 Epidemiology 

1.2.1 Prevalence 

The prevalence of cerebral palsy is usually measured by counting the number of individuals 

diagnosed with the condition among a defined birth cohort, with the number of live births 

used as the denominator. However, there are a number of methodological issues associated 

with obtaining accurate prevalence estimates. Specifically, a number of criteria differ across 

cerebral palsy surveillance systems internationally. These include the minimum level of 

severity to be classified as cerebral palsy, the inclusion or exclusion of hypotonic cerebral 

palsy, the timing of injury in post-neonatally acquired cerebral palsy, the minimum required 

age of survival, the inclusion or exclusion of certain other chromosomal, genetic, metabolic or 

mitochondrial disorders, and the use of different numerators to calculate rates,.10 Despite this, 

across various cerebral palsy surveillance systems, estimates of prevalence are comparable and 

have remained steady over recent years.13 The most recent systematic review on the prevalence 

of cerebral palsy internationally, using live births as the denominator, reported an overall 

birth cohort prevalence of 2.11 per 1,000 live births (95% Confidence Interval [CI] = 1.98 – 

2.25). This figure remained the same regardless of whether or not post-neonatally acquired 

cases were included.14 

1.2.2 Causal pathways 

In the past, birth asphyxia (deprivation of oxygen to the infant during birth) was believed to 

be the major cause of cerebral palsy, and it was expected that advances in obstetric medicine 

would lead to a reduction in the prevalence of the condition. However, this theory was 

questioned when a number of well-designed case control studies showed no reduction in 

cerebral palsy prevalence despite the introduction of continuous electronic foetal monitoring 

and an increase in the proportion of pregnant women having caesarean sections.15,16  

More recent estimates of the proportion of children with cerebral palsy that experienced 

events indicative of birth asphyxia range from 8% to 28%.17-20 Events around the time of 

labour and delivery that can contribute to birth asphyxia include obstructed labour, 
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antepartum haemorrhage and cord prolapse, but a number of criteria must be met before 

cerebral palsy can be attributed to any acute episode during labour and delivery. These 

include evidence of metabolic acidosis at birth and the onset of neonatal encephalopathy 

within twenty-four hours of delivery.21 

Today, factors originating in the pre-conception or antenatal periods are thought to account 

for the majority of cases of cerebral palsy.22 The aetiology is now looked at in terms of causal 

pathways, and in most cases, the condition is caused by a series of interacting factors. 

However, causal pathways are still incompletely understood, and for many children, the cause 

of their cerebral palsy remains unknown despite extensive testing, and the time of injury only 

assumed.13 

Birth maturity has long been recognised as the strongest single risk factor for cerebral palsy, 

the rate inversely associated with both gestational age and birth weight. The prevalence is 

highest among those born prior to 28 weeks’ gestation, affecting 7-10% of babies born at this 

early stage, becoming significantly lower with increasing gestational age, with less than 0.1% 

of children born after 36 weeks’ gestation affected.23 Other antenatal factors associated with 

an increased risk of cerebral palsy include multiple birth,24 maternal infection and 

inflammation,25-28 placental abnormalities,29,30 and pre-eclampsia.31 It is important to note that 

many of these antenatal antecedents to cerebral palsy are independently associated with pre-

term birth, and it is often impossible to determine which single factor, if any, was the main 

cause of a child’s cerebral palsy.32 

Known intrapartum risk factors include meconium-stained liquor and meconium aspiration, 

emergency caesarean section or instrumental delivery, abnormal foetal position, and tight 

nuchal cord (umbilical cord wrapped around the neck).25,27,33 Low Apgar scores 27,33 and seizures 

in the neonatal period 34-36 are also strongly predictive of cerebral palsy. Other factors that have 

been implicated include older or younger maternal age,33 certain pre-existing maternal medical 

conditions such as epilepsy and diabetes,33 and an obstetric history of multiple miscarriages,27 

still birth, or neonatal death.37 

Many children with cerebral palsy have none of the traditional risk factors for the condition. 

Though prematurity is the strongest risk factor, the majority of children with cerebral palsy 

are born at term.24 Risk factors in this group of “low-risk” infants include birth defects, 

fontanelle abnormalities, and requirement for resuscitation intervention after birth, as well as 

abnormal tone, abnormal consciousness, and abnormal temperature regulation in the 

neonatal period. Approximately 40% of term-born infants who go on to be diagnosed with 
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cerebral palsy require no special or neonatal intensive care and have none of these neonatal 

risk factors before leaving the hospital, and are as such described as neurologically intact.38 

For this group in particular, causal pathways to cerebral palsy remain poorly understood. 

Approximately 5% of children with cerebral palsy acquire their brain injury post-neonatally 

(more than 28 days after birth).24,39 For this sub-group of children, there is usually an 

identifiable cause for their condition. The most common causes of post-neonatally acquired 

cerebral palsy are infection (e.g. meningitis/encephalitis), a head injury (e.g. road traffic 

accident or non-accidental injury), a vascular episode (post-surgery or associated with 

congenital heart disease), near drowning, or a near-miss cot death.40,41 

1.3 Classification 

Traditionally, cerebral palsy is sub-divided according to the type of movement disorder and 

the topographical distribution, that is, the limbs that are predominantly affected. 

1.3.1 Type of movement disorder 

1.3.1.1 Spastic cerebral palsy 

Spasticity is a form of hypertonia (increased tone) in which resistance to passive movement 

increases with increasing velocity of movement.42 Children with spastic cerebral palsy 

generally have motor findings that are consistent and persistent, and they differ from children 

with dyskinetic cerebral palsy (described below) in that spasticity remains active during sleep, 

though it does vary depending on how alert and active a child is.10 In addition, spasticity can 

be increased if a child is anxious or in pain.42 Spasticity causes abnormal control of voluntary 

muscles and it limits activity by inhibiting the relaxation of muscles during activity, while also 

causing weakness and poor balance.11 Spasticity is the most common predominant movement 

disorder in children with cerebral palsy, affecting between 65-98% of children with the 

condition.43,44 

1.3.1.2 Dyskinetic cerebral palsy: dystonia, chorea and athetosis 

Dyskinetic cerebral palsy is characterised by excessive involuntary movements.45 It is the 

predominant movement disorder in around 4-6% of all children with cerebral palsy.43,44 The 

majority of affected children will have a severe motor impairment and will be non-ambulant.46 

The three main types of dyskinetic movements are dystonia, chorea and athetosis. Dystonia is 

a movement disorder in which involuntary muscle contractions cause twisting, repetitive 

movements and abnormal postures.45 The presence of abnormal postures is the main 

characteristic feature of dystonia, and the movements and postures are not usually seen 
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during sleep. Dystonia is commonly triggered by attempts at voluntary movement, and its 

presence and severity may change over time.45 

Chorea is defined as “ongoing random-appearing sequence of one or more discrete 

involuntary movements or movement fragments”.45 Unlike dystonia, it involves brief, random, 

unpredictable movements rather than the development of abnormal postures. The 

movements of chorea can involve trunk, neck, face, tongue and extremities, and generally 

discrete movements or movement fragments can be identified. Chorea usually does not stop 

with attempted relaxation and consequently, affected children appear to be constantly 

fidgety.45 Athetosis is characterised by the “slow, continuous, involuntary writhing movement 

that prevents maintenance of a stable posture”.45 In contrast to chorea, in individuals with 

athetosis, the same regions of the body are repeatedly involved, usually the outer extremities 

of the hands and feet. Athetosis is distinguished from dystonia by the lack of sustained 

postures, and from chorea by the lack of identifiable discrete movements or movement 

fragments.45 

1.3.1.3 Ataxic cerebral palsy 

Ataxia has been defined as “an inability to generate a normal or expected voluntary movement 

trajectory that cannot be attributed to weakness or involuntary muscle activity about the 

affected joints”.47 Children with ataxic cerebral palsy experience a lack or loss of movement co-

ordination.48 Ataxic cerebral palsy accounts for around 4-5% of all cerebral palsy cases 

worldwide,43,44 with the majority of affected individuals being mildly motor impaired and 

independently ambulant.46 

1.3.1.4 Hypotonic cerebral palsy 

Children with an intellectual disability frequently present with hypotonia (low tone). In order 

to constitute hypotonic cerebral palsy, a child’s hypotonia must be significantly more severe 

than that which would be expected to accompany an intellectual disability. Some cerebral 

palsy registers, including the registers involved in the Surveillance of Cerebral Palsy in Europe 

(SCPE) group, do not collect information on hypotonic cerebral palsy.44 Data on children with 

hypotonic cerebral palsy is collected by the Australian Cerebral Palsy Register (ACPR) group, 

and they estimate that approximately 2% of children with cerebral palsy have hypotonia as 

their predominant movement disorder.24 
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1.3.2 Topography 

Topographical distribution is used mainly as a method of further classifying children with 

spastic forms of cerebral palsy. Traditionally, the main topographical patterns reported have 

been hemiplegia, diplegia and quadriplegia. Triplegia and monoplegia are less common. 

1.3.2.1 Hemiplegia 

The term hemiplegia refers to unilateral involvement where one side of the body is affected by 

the movement disorder.12 Hemiplegic cerebral palsy is the most common presentation in 

children with cerebral palsy who are born at term.49 Most children with hemiplegic cerebral 

palsy have a mild motor impairment and are able to walk independently.46,50 

1.3.2.2 Diplegia 

The term diplegia implies that the lower limbs are more affected than the upper limbs.12 It is 

the most common presentation in children with cerebral palsy who are born pre-term.49 The 

majority of children with spastic diplegic cerebral palsy have a mild to moderate motor 

impairment and are able to walk independently or with aids.46,50 

1.3.2.3 Quadriplegia 

Among children with quadriplegic cerebral palsy, the upper limbs are affected equally or more 

than the lower limbs.12 The majority of children with spastic quadriplegic cerebral palsy have a 

severe motor impairment and are unable to walk independently.46,50 

1.3.2.4 Triplegia 

The term triplegia refers to involvement of three limbs (typically both lower and one upper 

limb).10 

1.3.2.5 Monoplegia 

Children with monoplegic cerebral palsy have one single limb affected by the movement 

disorder. 

1.3.2.6 International variation, and reliability of motor type and topography classification 

Variation exists between countries in the systems used to classify the topographical 

distribution of the movement disorder in cerebral palsy. The ACPR Group classifies 

topographical distribution using the terms hemiplegia, diplegia, quadriplegia, triplegia, and 

monoplegia (as described above). For some, however, the use of the terms ‘diplegia’ and 

‘quadriplegia’ is controversial,51,52 and in Europe, the SCPE Group uses the terms ‘unilateral’ 
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(affecting one side of the body) and ‘bilateral’ (affecting both sides of the body) to describe the 

topographical distribution of the movement disorder, amalgamating the quadriplegia and 

diplegia subtypes into a single entity labelled ‘bilateral spastic cerebral palsy’.53 

A number of studies have reported reasonably good reliability for the SCPE system of 

classifying motor type and topography.54-56 Where differences do arise, they are usually related 

to the assignment of a diagnosis of a spastic versus dyskinetic sub-type, with little discordance 

between the assignment of bilateral and unilateral spasticity subtypes.55,56 One of the 

arguments against the use of the diplegia/quadriplegia differentiation is the considerable 

inter- and intra-observer diagnostic variability in the assessment of the clinical signs of both 

subtypes.51 

While some argue that the traditional system of classification, whereby diplegia and 

quadriplegia are differentiated, is no longer valid or useful,51 others argue that the inherent 

differences between the spastic quadriplegia and spastic diplegia subtypes warrant the 

differentiation.52 These include differences in their aetiological profiles, the severity of gross 

motor impairment, and the prevalence of comorbidities such as epilepsy, and impairments of 

vision, speech and hearing, all of which are more common among those with spastic 

quadriplegic cerebral palsy.57  

Going forward, it is likely that both systems of classifying motor type and topography will 

continue to be used, as there are merits to both approaches. Regardless of the approach used, 

an accurate description of a child’s motor type and topography is important, as it will guide 

rehabilitation approaches, medical and surgical decisions, counselling, and advice for families 

regarding their child’s prognosis.57  

Consensus on the definition and classification of cerebral palsy and a common minimum 

dataset for all cerebral palsy registers would have many benefits, including facilitating more 

international collaborative research.58,59 The National Institute of Neurological Disorders and 

Stroke Common Data Elements Team in the USA have recently published the first version of a 

Common Data Elements for cerebral palsy.60 These have not yet been incorporated by cerebral 

palsy registers or surveillance programs internationally; however, there is scope to do so in the 

future. In the meantime, the system of classification used by the ACPR Group allows for 

matching with the SCPE classification when required: hemiplegia and monoplegia can be 

classified as ‘unilateral’, and the remaining sub-types, diplegia, quadriplegia, and triplegia, as 

‘bilateral’.59 This system of grouping is facilitating a number of projects between the ACPR and 

SCPE groups, including studies of congenital anomalies and higher order multiples.  
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1.3.3 Classification systems 

To address the need for a standardised system for classifying the gross motor function of 

individuals with cerebral palsy, the Gross Motor Function Classification System (GMFCS) was 

developed in 1997.61 The Manual Ability Classification System (MACS)62 and the 

Communication Function Classification System (CFCS)63 were subsequently developed to 

classify fine motor function and communication abilities respectively. 

1.3.3.1 Gross Motor Function Classification System 

The GMFCS is a five-level classification system with clinically meaningful differences in gross 

motor functional ability between each level. Distinctions between levels are based primarily 

on functional limitations and the need for hand-held mobility devices or wheeled mobility. 

Children classified as GMFCS I can walk without limitations, while at the other end of the 

scale, children classified as GMFCS V are transported in a manual wheelchair.61,64  

The reliability and validity of the GMFCS have been evaluated extensively, and the findings 

have been positive, indicating that the GMFCS can validly classify motor function for children 

with cerebral palsy.65-67 Today, the GMFCS is used extensively by researchers and clinicians 

worldwide to classify gross motor function among children with cerebral palsy. Prior to the 

development of the GMFCS in 1997, a three-category classification system for motor severity 

based on mobility was commonly used: mild, moderate, and severe. Mild motor severity is 

defined as walking independently without aids, moderate as mobility using assistive devices, 

and severe as no independent mobility. There has been shown to be excellent agreement 

between the two classification systems, with mild impairment equating to GMFCS levels I and 

II, moderate impairment to level III, and severe impairment to levels IV and V.43 

GMFCS level Description 

GMFCS I The child can walk without restrictions but may have limitations in more advanced 
motor skills. 

GMFCS II The child can walk without assistive devices but has limitations walking outdoors and 
in the community. 

GMFCS III The child can walk with assistive mobility devices and has limitations walking 
outdoors and in the community. 

GMFCS IV The child has very limited mobility and uses powered mobility devices outdoors and 
in the community. 

GMFCS V The child’s mobility is severely limited even with the use of assistive mobility devices. 

Table 1.1 The Gross Motor Function Classification System. 

[Adapted from Palisano et. Al. (1997) 61] 
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1.3.3.2 Manual Ability Classification System 

The MACS was developed to enable clinicians and researchers to reliably classify the fine 

motor abilities of individuals with cerebral palsy. Rather than assessing each hand separately, 

the MACS reports on how both hands work together during activities such as eating, dressing 

and writing.62 The reliability and validity of the MACS have been tested, and the tool has been 

deemed to have good validity and reliability, with the potential to be used jointly by parents 

and therapists.62,68-70  

MACS level Description 

MACS I The child can handles objects easily and successfully, and is independent in daily 
activities. 

MACS II The child can handle most objects but with reduced quality and speed of 
achievement, and is not usually restricted in independence in daily activities.   

MACS III The child handles objects with difficulty. Activities are performed independently only 
if they have been set-up or adapted.  

MACS IV The child handles a limited selection of easily managed objects in adapted situations. 
The child requires support and assistance with activities.  

MACS V The child does not handle objects and requires total assistance to perform activities.  

Table 1.2 The Manual Ability Classification System. 

[Adapted from Eliasson et al. (2006) 62] 

1.3.3.3 Communication Function Classification System 

The CFCS was developed in a methodologically similar manner to the GMFCS and MACS. It 

classifies the patterns of an individual’s communication performance with a partner, with 

communication defined as occurring when both conversation partners establish a shared 

understanding.63 The CFCS has been shown to be a reliable and valid measure for assessing 

communication function in children with cerebral palsy.63,71 

CFCS level Description 

CFCS I The child can independently communicate easily and in a comfortable pace with 
most people in most environments. 

CFCS II The child can independently communicate with most people in most environments, 
but at a slower conversational pace. 

CFCS III The child can independently communicate effectively with familiar people, but not 
with unfamiliar people. 

CFCS IV The child can sometimes communicate effectively with familiar people, but not with 
unfamiliar people. 

CFCS V The child’s communication is difficult for most people to understand.  

Table 1.3 The Communication Function Classification System. 

[Adapted from Hidecker at al. (2011) 63] 
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1.4 Common medical comorbidities 

1.4.1 Neurological 

1.4.1.1 Epilepsy 

Epilepsy is one of the most common neurological conditions of childhood, affecting between 

1-2% of children in the general population.72-75 The prevalence of epilepsy in children with 

cerebral palsy is estimated to be around 30-40%.76-83 The increased risk of epilepsy in 

individuals with cerebral palsy was described by Freud more than 100 years ago, and over 

time, the importance of recognizing the effect that epilepsy has on the already-impaired 

cognitive abilities of children with cerebral palsy has been acknowledged. Among children 

with cerebral palsy, the motor impairments and any intellectual difficulties, as well as seizures, 

are all likely to be due to the same underlying brain abnormality.84  

The presence of epilepsy is often taken as an indicator of the severity and complexity of 

cerebral palsy, and children with cerebral palsy who have epilepsy are much more likely than 

children with cerebral palsy alone to be intellectually impaired, to have problems with speech, 

to be non-ambulant and to experience other musculoskeletal problems.76-82 Children with a 

known post-neonatal cause of their cerebral palsy are at an increased risk of epilepsy, 

compared to other children with cerebral palsy.80,84  

Overall, epilepsy in children with cerebral palsy is associated with a poorer prognosis 

compared to children with epilepsy alone; it can be difficult to obtain seizure control, and 

many children have daily or weekly seizure episodes. In addition, children with cerebral palsy 

and epilepsy are more likely than children with epilepsy alone to require polytherapy, and are 

less likely to achieve complete seizure remission.77,79,81,85,86 There is some evidence that among 

children with hemiplegic cerebral palsy due to perinatal arterial ischaemic stroke, the 

prognosis for seizure remission is good and comparable to that of idiopathic partial epilepsy.87  

The onset of epilepsy in children with cerebral palsy is significantly earlier than in the general 

childhood population, and most children with cerebral palsy who have epilepsy will have their 

first epileptic seizures in the first year of life.76,77,79,81 The early onset of epilepsy in this 

population is likely to reflect the early timing and severity of the brain damage.86 

1.4.2 Gastrointestinal 

The enteric nervous system (the division of the nervous system that governs the function of 

the gastrointestinal system) is controlled by inputs from the central nervous system. Thus, 

enteric nervous system activity is abnormal in people with central nervous system disorders, 
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resulting in dysfunction of the gastrointestinal tract.88 Traditionally, gastrointestinal problems 

were thought to be unavoidable in individuals with cerebral palsy; however, in recent years, 

increased efforts have been directed towards the early identification, treatment and 

prevention of gastrointestinal problems in this group. This is due to advances in the 

understanding of the normal physiology of feeding and swallowing, and an increased 

knowledge of the functioning of the gastrointestinal tract in neurologically impaired 

children.89 

Gastrointestinal problems are reported to affect up to 80-90% of children with cerebral palsy, 

causing both acute illness and chronic problems.90-96 Del Giudice et al. (1999) described a 

sample of fifty-eight children with cerebral palsy of which 91% demonstrated some 

gastrointestinal symptoms of at least six months duration including dysphagia (60%), chronic 

pulmonary aspiration (41%), gastrooesophageal reflux (32%), abdominal pain and gastritis 

(32%), and constipation (74%).97 

1.4.2.1 Dysphagia 

Dysphagia is a broad term that encompasses many aspects of swallowing dysfunction.98,99 

Reported causes include oro-motor dysfunction, anatomical anomalies, neurological delay, 

oral sensory impairments and oesophageal disorders. The presence of gastro-oesophageal 

reflux disease may cause dysphagia to worsen.99 Estimates of dysphagia prevalence in the 

cerebral palsy population vary according to study design and the definition of dysphagia used. 

Using different diagnostic tools such as parental questionnaire, review of the medical record 

and physical examination, evidence of dysphagia has been reported in 28-60% of all children 

with cerebral palsy.90,95,97,100 The association between cerebral palsy severity and the presence 

of dysphagia has been clearly demonstrated and there is a consensus that children who are the 

most severely motor impaired are at the greatest risk. Calis et al. (2008) reported that 99% of 

a sample of 166 children with severe cerebral palsy (GMFCS IV-V) and intellectual disability 

had dysphagia.99 

Dysphagia places children with cerebral palsy at risk of reduced growth and failure to thrive 

through decreased food intake. Inadequate energy and nutrient intake for prolonged periods 

of time can impact on the child’s psychomotor and neurological development,98 as well as 

impacting negatively on the immune, skeletal and cardiovascular systems.101 Further, by 

limiting a child’s diet to specific foods that are easier to chew and swallow, the risk of 

developing specific dietary deficits such as iron deficiency is increased.101 A child with 
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dysphagia is also placed at an increased risk of lower respiratory tract infections and chronic 

lung disease due to chronic pulmonary aspiration of liquids and solids.98,99 

1.4.2.2 Gastro-oesophageal reflux disease 

Gastro-oesophageal reflux disease is a condition characterised by the involuntary passage of 

gastric juices against the normal flow of the gastric tract.102 It can be a common occurrence in 

newborns but usually disappears with age; beyond infancy, it is associated with neurological 

impairments or anatomical abnormalities of the oesophagus or diaphragm.103 The high 

incidence of gastro-oesophageal reflux disease in neurologically impaired children is well 

recognized and it is estimated that 15-75% of children with neurological conditions such as 

cerebral palsy are affected.88 A number of factors contribute to the increased risk of gastro-

oesophageal reflux in neurologically impaired children. These include oesophageal 

dysmotility, increased intra-abdominal pressure from spasticity and frequent seizures, 

scoliosis, frequent respiratory infections, delayed gastric emptying, and the adoption of a 

prolonged supine position.88 

The exposure of the mouth and oesophagus to the acidic contents of the stomach can cause 

burning epigastric pain as well as oesophagitis, oesophageal adenocarcinoma, and dental 

enamel erosion.102,104-106 Gastro-oesophageal reflux disease can exacerbate respiratory 

symptoms by causing pulmonary aspiration of the stomach contents, as well as upper airway 

irritation and laryngeal spasm. Often, a child with cerebral palsy cannot communicate verbally 

their feelings of intense pain and thus, discomfort from gastro-oesophageal reflux disease 

usually manifests as chronic irritability, behaviour abnormalities, prolonged crying and 

dystonic movements of the face and neck.88,106 A child with cerebral palsy and gastro-

oesophageal reflux disease may also present with recurrent vomiting, haematemesis, anaemia, 

rumination and regurgitation.88 

1.4.2.3 Constipation 

Constipation, generally defined as the opening of the bowel less than three times a week or 

the need for regular laxative use, is a common problem in children with developmental 

disabilities.88 Estimates of the prevalence of constipation in children with cerebral palsy range 

from 26-74%, but there is widespread agreement that those with severe cerebral palsy are 

most at risk.90,97,107,108 For example, Erkin et al. (2010) found that almost 40% of children 

classified as GMFCS IV-V were constipated, compared to 15% of those classified as GMFCS I-

III.107 Similarly, both Sullivan et al. (2000) and Veugelers et al. (2010) have found significant 

associations between constipation risk and higher GMFCS level.90,108 
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Factors that contribute to the high rate of constipation in the cerebral palsy population 

include prolonged time without exercise and the lack of erect posture, skeletal abnormalities, 

and generalised hypotonia.109 Dietary factors such as inadequate fluid and dietary fibre intake, 

especially in those who receive only enteric formulas, as well as the use of certain medications, 

are also important contributory factors.88 Constipation in children with cerebral palsy can 

often go un-recognised due to the child’s inability to verbalize, or it may not be a priority in 

the presence of more acute medical presentations. As well as the gastrointestinal 

manifestations which include vomiting, nausea, and chronic abdominal pain, constipation can 

also worsen urinary symptoms and has been linked with recurrent urinary tract infections, 

thus negatively impacting on a child’s quality of life and general wellbeing.88,109 

1.4.2.4 Growth and feeding difficulties 

Growth failure and under nutrition are common in children with cerebral palsy, for which 

there are multiple contributory factors. These include insufficient food intake, nutrient losses 

from vomiting or diarrhoea, and increased energy requirements due to increased muscle tone 

and involuntary movements.109 Feeding difficulties play a major role in reducing food intake in 

this population.109 Such difficulties, as reported in the Oxford Feeding Study of 261 children 

with cerebral palsy, include an inability to entirely self-feed (89%), choking with food (56%), 

and prolonged feeding times (28%).90 These difficulties are due to a combination of factors 

including poor oro-motor function, dysphagia, reduced manual abilities, cognitive 

impairments, and poor seating posture during feeding which can cause food loss and limit 

intake through drooling, coughing and poor mouth control, ultimately leading to poor 

growth.95 

On the other hand, consumption of high-energy density commercially-available enteral 

formula can increase the risk of overweight and obesity in those children who are tube-fed.110,111 

Sullivan et al. (2006) found that immobile children with cerebral palsy who have a 

gastrostomy in place have significantly higher body fat content and significantly lower lean 

body mass than a reference population of neurologically normal children, leading to their 

suggestion that the optimal composition of an enteral food for tube-fed children with cerebral 

palsy who are immobile would be low-fat, low-calorie, high fibre, and micronutrient 

complete.112 

The reported prevalence of underweight or overweight in samples of children with cerebral 

palsy can differ according to the particular measurement technique used by the researchers, as 

well as the sample used, making comparisons between studies difficult. Reported prevalence 
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estimates of underweight in children with cerebral palsy range from 13% to 40%, while 

prevalence estimates of overweight and obesity range from 5-20%.92-94 There is consensus that 

it is those children who are classified as GMFCS IV or V who are at the greatest risk of having a 

poor nutritional status – either being underweight due to feeding difficulties and nutrient 

losses, or overweight due to the increased energy intake from enteral feeds and decreased 

energy expenditure. 

In addition to growth failure, suboptimal nutrition leads to decreased muscle strength, and in 

children with cerebral palsy, this causes a reduction in the effectiveness of the cough reflux 

which can lead to aspiration pneumonia.90 It is also associated with reduced immunity, which 

increases susceptibility to infection and delays wound healing.91 Further, malnutrition and 

poor growth in children with cerebral palsy have been found to be associated with decreased 

societal participation and increased healthcare utilisation, even after controlling for GMFCS 

level and age.113,114 

1.4.3 Respiratory 

1.4.3.1 Pulmonary aspiration 

Pulmonary aspiration, defined as the passage of foreign materials such as food, gastric juices 

and saliva into the airways, is reported to affect up to 70% of children with cerebral palsy and 

is the most common cause of recurrent pneumonia in this population.115 As described, it can 

be caused by dysphagia or gastro-oesophageal reflux disease and results in both acute lower 

respiratory tract infections that are clinically obvious, and chronic lower airway inflammation 

and damage that may pre-dispose the child to bronchiectasis. Bronchiectasis further inhibits 

the child’s ability to clear the airway and increases the risk of lower airway infection. In many 

cases, aspiration is “silent” and without obvious coughing or choking.116 

1.4.3.2 Ineffective cough 

Many children with cerebral palsy have reduced coughing ability, or “ineffective cough”, and 

may not cough even during severe respiratory infections. This is caused by the reduced 

sensitivity of airway irritant receptors due to chronic aspiration, as well as weakness of the 

respiratory and abdominal muscles, and overall immobility, all of which inhibit the 

mechanism for clearing airway secretions.117 Chest wall deformities (described below) are also 

implicated. As a consequence of ineffective cough, children have a reduced ability to protect 

the lower airway when aspiration occurs, and experience inadequate clearance of lower airway 

secretions during infections.118 
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1.4.3.3 Chest wall deformities 

Compromised respiratory function in children with cerebral palsy often originates with the 

underdevelopment of the upper chest wall due to thoracic muscle weakness, uneven muscle 

tone and inability to balance forces of gravity. Underdevelopment of the chest wall inhibits 

chest expansion and reduces the potential for lung growth, resulting in altered breathing 

patterns.119 A large spinal curvature (scoliosis) is also associated with poor sitting position 

which exacerbates reflux and pulmonary aspiration.120 The incidence of scoliosis and atypical 

chest wall development are interrelated in cerebral palsy, and both are not only associated 

with compromised respiratory function, but also with quality of life and risk of mortality.120 

1.4.3.4 Upper airway obstruction and obstructive sleep apnoea 

Children with cerebral palsy, particularly those with spastic quadriplegia, are at a high risk of 

developing severe airway obstruction either in the form of obstructive sleep apnoea (breath 

holding in sleep) or as awake upper airway obstruction.121,122 This is primarily due to poor 

pharyngeal muscle tone.123 A retrospective case series describing eight children with severe 

cerebral palsy admitted to a large paediatric hospital over an eight month period with upper 

airway obstruction reported a median length of hospital stay of 20 days, with seven children 

requiring an admission to the intensive care unit, and six needing intubation and mechanical 

ventilation.122 Side effects of obstructive sleep apnoea and upper airway obstruction include 

reduced sleep, failure to thrive and pulmonary hypertension.118 

1.4.3.5 Chronic colonisation 

Compared to the general childhood population, children with cerebral palsy are at a greater 

risk of experiencing colonisation of the lungs with resistant organisms due to prolonged 

antibiotic use, contact with other colonised children during hospital stays, and malnutrition.116 

There is a lack of data on carriage rates in this population. One group has reported that among 

fifty-three children with cerebral palsy admitted to a paediatric intensive care unit in the 

United Kingdom, 89% (n=47) carried abnormal bacterial flora, most commonly Pseudomonas 

and Klebsiella species, of which 47% (n=22) were colonised with antibiotic resistant 

bacteria.124 A high carriage rate has implications for a child’s future antibiotic use as well as 

impacting on a hospital’s infection control practices. 

1.4.3.6 Chronic lung disease 

Chronic lung disease is a major complication of premature birth, affecting around one-quarter 

of infants born prematurely.125 It is caused primarily by respiratory distress syndrome, 
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vigorous ventilation methods in the neonatal intensive care unit and oxygen toxicity.126 Since 

the 1980’s, antenatal corticosteroids have been used to accelerate foetal lung maturation and 

reduce the risk of respiratory distress syndrome in women at risk of preterm birth, and their 

use for this purpose is now considered routine practice.127 Postnatal corticosteroids are now 

known to have a negative effect on the developing brain and may independently increase 

cerebral palsy risk. Consequently, the routine use of postnatal corticosteroids in preterm 

infants is no longer recommended, but instead they are used only in cases where the benefits 

of use outweigh the risks of chronic lung disease.128,129 Preterm survivors who have chronic 

lung disease and who go on to be diagnosed with cerebral palsy are predisposed to further 

respiratory problems throughout their lives.118 Children with cerebral palsy may also develop 

chronic lung disease secondary to recurrent pulmonary aspiration, reduced coughing ability 

and kyphoscoliosis.116 

1.4.4 Dental 

Children with cerebral palsy have poorer oral health than the general childhood population, 

and a higher incidence of both dental caries and dental erosion in children with cerebral palsy 

compared to typically-developing children has been reported in the literature.102,130-132   Poor 

oral health not only impacts on oral function and ability to communicate effectively, but also 

on physical health, appearance, and overall self-esteem and quality of life.133,134 Factors that 

contribute to the increased risk of poor oral health in children with cerebral palsy include 

structural changes in the oro-facial region (e.g. malocclusion), parafunctional oral habits (e.g. 

teeth grinding), difficulties with maintaining oral hygiene, and barriers to accessing 

appropriate dental care.135 

1.4.4.1 Malocclusion  

Malocclusion, a misalignment of the teeth or incorrect bite, has been reported to occur at an 

increased rate in children with cerebral palsy compared to the general childhood 

population.133,136 The prevalence of malocclusion in the cerebral palsy population ranges from 

59% to 92%, compared to a range of 22% to 50% in individuals without a disability.133 In 

children with cerebral palsy, the presence of malocclusion is usually attributed to hypotonia of 

the oral-facial muscles, which results in forward tongue posturing, a poor swallow reflux and 

frequent breathing through the mouth.135 Malocclusion can negatively impact on a child’s oral 

health by causing periodontal disease and temporomandibular disorders. It can also adversely 

affect their ability to communicate and chew effectively.133 
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1.4.4.2 Parafunctional oral habits  

Parafunctional oral habits are those which impact negatively on the activities of the muscles 

involved in suction, chewing, swallowing, speaking, breathing and formation of facial 

expressions. They include pacifier-sucking, finger sucking, biting objects, tongue 

interposition, and bruxism (grinding of the teeth).137 Ortega et al. (2007) report the prevalence 

of such habits in a group of children and young adults with cerebral palsy and found 

significantly higher rates of all habits in the cerebral palsy group, compared to a group of age-

matched controls. The prevalence of bruxism in the group of children with cerebral palsy was 

almost 40%, compared to a prevalence of 15% in controls.137 Other groups have reported rates 

of bruxism of up to 70% in samples of children with cerebral palsy, those children with 

quadriplegic cerebral palsy most likely to be affected.138 Bruxism is generally associated with 

the presence of an intellectual disability, but characteristics of the central nervous system and 

genetic factors, as well as some antiepileptic drugs commonly taken by children with cerebral 

palsy, can also predispose an individual to bruxism.137 

1.4.4.3 Poor oral hygiene 

In children with cerebral palsy, the ability to maintain adequate oral hygiene is complicated by 

a number of factors including dyskinetic movements, pathological oral reflexes including 

biting, gagging and vomiting, and an inability to adequately manipulate a toothbrush or 

understand and follow instructions.135 Barriers to adequate dental care are another major 

reason for poor dental hygiene in this population as few dentists specialise in providing care 

for children with disabilities and in many cases, sedation or general anaesthesia may be 

required to provide an appropriate examination. In addition, dental issues may not be a 

priority for many parents of children with severe cerebral palsy and multiple comorbidities, 

and oral hygiene practices can be neglected.133 

1.4.4.4 Sialorrhoea 

Sialorrhoea, or drooling, is normal in infants and young children; however, beyond the age of 

four years, it is considered to be abnormal or pathogenic.139,140 It can be attributed to either an 

increased production of saliva or a failure of the mechanisms that clear and remove saliva 

from the mouth; in children with cerebral palsy, excess drooling is usually due to an inability 

to swallow saliva due to oro-motor dysfunction.135,139 The prevalence of drooling in children 

with cerebral palsy has been reported to be around 40%, and epilepsy, intellectual disability 

and severity of the motor disorder are all associated with excessive drooling.141 As well as 

causing perioral infections due to skin chapping, severe drooling can also cause dehydration, 
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and it negatively affects teeth and gum health by causing saliva to pool in the mouth causing 

extensive calcium deposits.135 It can also result in a loss of self-esteem, impacting on a child or 

young person’s ability to successfully integrate into school and the community.142 

1.4.5 Musculoskeletal 

By definition, cerebral palsy is a non-progressive neurological condition.6 It is important to 

recognise however, that the majority of children with cerebral palsy will be affected by 

progressive musculoskeletal pathologies as they grow older, and abnormalities including 

scoliosis, hip dislocations and fixed muscle contractures will become apparent with age.11 

Children with cerebral palsy develop contractures (permanent shortening of the muscles or 

joints) due to a failure of normal longitudinal muscle growth. This is because normal muscle 

growth is facilitated by regular stretching of relaxed muscle during activity, and stretching of 

some muscle groups is inhibited in children with cerebral palsy because of spasticity and 

reduced activity levels. As well as contractures, children with cerebral palsy are also 

susceptible to experiencing bone torsion, joint instability and premature degenerative changes 

in weight-bearing joints, all of which require orthopaedic intervention.11 

1.4.5.1 Upper limb deformities 

Upper limb deformities that are common in children with cerebral palsy include internal 

rotation and adduction of the shoulder, elbow flexion, forearm pronation, and flexion 

deformities of the wrist and fingers such as the “thumb in palm” deformity. For affected 

children, these deformities cause functional difficulties in reaching, grasping, releasing and 

manipulating with their hands. In addition, their appearance can be concerning, and dressing 

and hygiene practices can be made more difficult.143 

1.4.5.2 Lower limb deformities 

Abnormalities at the joints of the foot, ankle and knee are common in children with cerebral 

palsy. The resulting pain and weakness cause progressive functional losses during everyday 

activities.144 Equinovarus deformities (abnormal positioning of the foot and ankle where the 

toes point downwards and inwards with the heel off the ground) are common, particularly in 

children with hemiplegic cerebral palsy.11 Fixed contractures of the major joint muscles in the 

lower limbs as well as a range of bony deformities can develop, most frequently among those 

with diplegic cerebral palsy. These are commonly referred to as lever arm disease, so-called 

because muscles work most effectively on rigid bony levers.145  
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1.4.5.3 Hip displacement 

Hip displacement is common in children with cerebral palsy, the cause of which is not 

completely understood. It can often be attributed to spasticity and contractures of the muscles 

around the hips that cause abnormal hip positioning.146 However, given hip displacement also 

occurs in children with hypotonic cerebral palsy, it is evident that factors other than spasticity 

play a role. Positioning, or more specifically remaining in the same position for an extended 

period of time, and impaired proprioception which results in inadequate muscle control, have 

also been implicated.147 

Hip displacement affects around one-third of all children with cerebral palsy, but the risk has 

been shown to be directly correlated with the child’s GMFCS level; there is almost no risk of 

hip displacement in children classified as GMFCS I but up to 90% of those classified as 

GMFCS V are affected.146,148 In children with severe spastic quadriplegic cerebral palsy, hip 

displacement can be silent and diagnosis delayed, often due to communication difficulties and 

increased priority being placed on other issues such as feeding difficulties and uncontrolled 

epilepsy.11 Delayed diagnosis can lead to a situation where the hips are completely dislocated, 

which places the child in extreme pain, and contributes to difficulties with sitting, standing, 

walking, dressing and personal hygiene. The abnormal positioning of the hip may also 

contribute to scoliosis development.146,149,150 

1.4.5.4 Scoliosis  

Scoliosis refers to a deviation from normal spinal alignment as measured in the coronal plane, 

and occurs in 2-3% of the general adolescent population.151 Children and adolescents with 

cerebral palsy are at an increased risk of developing scoliosis due to impaired posture, 

spasticity, asymmetric weakness and abnormal sensory feedback; pelvic instability and hip 

dysplasia also contribute to scoliosis development.151 One study which investigated the 

prevalence of scoliosis in a total population of children with cerebral palsy found that 17% of 

children had mild scoliosis, and another 11% had moderate or severe scoliosis based on clinical 

examination. The risk of developing scoliosis in this population sample increased with GMFCS 

level and age, with almost no risk in children classified as GMFCS I or II and a 50% risk in 

those classified as GMFCS IV or V, with the majority of children not receiving a diagnosis of 

scoliosis until after the age of eight years.152 Scoliosis can cause extreme pain and is associated 

with problems with sitting, pressure ulcers and can eventually lead to respiratory and 

gastrointestinal dysfunction.152 
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1.4.5.5 Low bone mineral density and fractures 

Among children with cerebral palsy who have a mild or moderate motor impairment (GMFCS 

I, II or II), the incidence and pattern of fractures is similar to the general childhood 

population. In this group, high energy fractures (sustained during events in which significant 

trauma is involved), which are the usual cause of childhood fractures, are the most frequently 

reported fracture type.153 Children with severe cerebral palsy (GMFCS IV or V) however, 

particularly those who are on anti-epileptic medication, are at an increased risk of 

experiencing low energy fractures (fractures resulting from minimal trauma).153,154 In this 

group of severely motor impaired children, fractures typically occur in the lower limbs and are 

associated with low bone mineral density which can be attributed to non-weight bearing 

status and anticonvulsant use, as well as the presence of joint contractures, immobilization 

after surgery, and poor nutrition.155 Other potential contributing factors including stiff joints, 

poor balance leading to falls, and violent seizures may also contribute.156 

1.4.6 Vision 

Multiple pathologies that cause cerebral palsy can also affect vision. Cortical visual 

impairment, sometimes termed cerebral visual impairment, refers to a loss in visual function 

in the absence of damage to the visual pathways or structure of the eyes. It is generally caused 

by perinatal hypoxia, but is also associated with premature birth, cerebral malformations, and 

meningitis. Thus, it occurs at a much higher frequency in children with cerebral palsy, 

compared to the general childhood population.157 The clinical manifestations are 

heterogeneous, and the spectrum ranges from profound visual impairment to slightly reduced 

visual acuity (blurred vision).158 

Overall, various problems with vision are common in children with cerebral palsy, of which 

the most common are strabismus and refractive errors.159,160 Strabismus, also known as 

heterotropia, is a condition characterised by mis-alignment of the eyes. It is the most common 

cause of amblyopia or lazy eye, and can be constant or intermittent.161 In addition to affecting 

vision, strabismus can negatively impact on physical appearance and self-esteem, and 

estimates of the prevalence of strabismus in children with cerebral palsy vary widely from 

around 50% to 90%.159,160 Refractive errors occur when the shape of the eye prevents light 

from focusing directly on the retina, and include myopia (near sightedness) and hyperopia (far 

sightedness). Estimates of the prevalence of refractive errors in children with cerebral palsy 

range from 20% to 75%.159,160 Visual field defects, referring to a loss of part of the usual field of 

vision, are also occur more frequently in children with cerebral palsy compared to the general 
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childhood population. Children with hemiplegic cerebral palsy are most commonly affected by 

visual field defects.160 

The prevalence of severe visual impairments in children with cerebral palsy varies depending 

on the specific definition used. The SCPE collaboration have reported the prevalence of severe 

visual impairment in this population to be 11%.44 There is a correlation between the type and 

severity of the gross motor impairment and the prevalence and severity of visual impairment, 

with children who are most severely gross motor impaired (GMFCS IV or V) at the greatest 

risk of severe visual impairment.44,57 

1.4.7 Urogenital 

Problems related to the urogenital system that occur more frequently in children with cerebral 

palsy compared to typically developing children include urinary incontinence, dysfunctional 

voiding, and urinary tract infections.162 

1.4.7.1 Urinary incontinence 

It is estimated that around one quarter of all children with cerebral palsy are urinary 

incontinent.163 Factors associated with a greater likelihood of being incontinent include the 

severity of the gross motor impairment and intellectual ability. A recent population study 

found that children with a mild gross motor impairment (GMFCS I/II) and no more than a 

mild intellectual impairment could be expected to be fully continent by around six years of 

age. However, in this population sample, few children with a severe gross motor impairment 

(GMFCS IV-V) and a severe or profound intellectual impairment attained urinary 

continence.164 Incontinence has considerable long-term physical, psychosocial and financial 

implications for affected individuals and their families. 

1.4.7.2 Urinary tract infections 

Impaired cognition and the inability to communicate bladder fullness and the need to void, 

together with impaired mobility, are some of the factors that contribute to the increased risk 

of urinary tract infections in children with cerebral palsy.165 Gross motor impairment severity 

predicts the risk of urinary tract infection, the risk being greater among children with a 

moderate or severe gross motor impairment (GMFCS III-V).166 

1.4.8 Hearing 

Children with cerebral palsy are at an increased risk of experiencing hearing loss due to factors 

that are on the causal pathway to cerebral palsy and which are independently associated with 

hearing loss. Such factors associated with both cerebral palsy and hearing loss include 
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congenital kernicterus, cytomegalovirus infection, hypoxic ischaemia, low birthweight, and 

neonatal meningitis.167 Hearing loss can be classified as sensorineural (resulting from damage 

to the neural receptors of the inner ear, or the nervous pathways to the brain), conductive 

(caused by disruption to the conduction of sound through the ear), or mixed (involvement of 

components of both sensorineural and conductive hearing loss).168 As is the case with vision 

impairment, prevalence estimates of hearing impairment vary significantly depending on the 

definition used, and there are few population-based estimates available. Published figures 

from the Victorian Cerebral Palsy Register (VCPR) suggest that overall, 13% of children with 

cerebral palsy have some degree of hearing loss documented by five years of age. This includes 

around 7% with a moderate degree of hearing loss that required hearing aids to be worn for 

restoration of functional hearing, and 3-4% with a profound hearing loss that necessitates 

cochlear implantation.168 

1.4.9 Mental health 

Similarly to their typically developing peers, many children and young people with cerebral 

palsy experience psychosocial problems and poor mental health. Such problems include 

difficulties connecting with peers, and issues with managing concentration and behaviour. 

Parkes et al. (2008) reported on psychological problems in 818 children with cerebral palsy of 

varying severity and complexity. They found that overall, 32% of children had problems with 

peer relationships and 31% reported issues with hyperactivity and inattention. Emotional and 

conduct disorders were also common, with a prevalence of 29% and 17% respectively. Among 

this group, better gross motor function, poorer intellect, and pain were independently 

associated with significant psychosocial problems.169 The high risk of experiencing 

psychosocial problems in children with mild motor impairment, specifically those with a 

hemiplegia, has previously been reported.170 It has been suggested that this is because 

differences in functional abilities and an inability to keep up with peers are more frustrating 

for children with mild impairment, compared to those who are severely impaired.171 

1.5 Medical and surgical management 

1.5.1 Management of neurological issues 

1.5.1.1 Epilepsy management 

Once a child with cerebral palsy has their first afebrile seizure, recurrence of seizures is 

considered likely, so in most children with cerebral palsy and epilepsy, antiepileptic drugs are 

commenced early in life.84 Overall, good seizure control with medication is reported in up to 



Chapter 1 | Cerebral palsy 

Page | 24 

70% of children with cerebral palsy and epilepsy, and it is estimated that around 25% of 

children can remain seizure free for two years after stopping medication.77 For some children 

with epilepsy, dietary therapy such as the ketogenic diet 172 or surgical intervention may be 

suitable treatment options. Those with hemiplegic cerebral palsy who have discrete areas of 

the brain amenable to resection are most likely to have successful outcomes from epilepsy 

surgery.173 

1.5.1.2 Hydrocephalus management 

The insertion of a ventriculo-peritoneal shunt is the most common neurosurgical treatment 

option for hydrocephalus.174 Children who have a ventriculo-peritoneal shunt inserted early in 

life carry a life-long risk of recurrent shunt failure and infection, and the majority will require 

at least one shunt revision.175 The rate of infection is particularly high during the first year 

after shunt insertion or revision, and can be associated with ventriculitis, meningitis and 

encephalitis, all of which are associated with high morbidity and mortality.176 

1.5.2 Management of gastrointestinal issues 

Enteral feeding via gastrostomy tube is used to provide nutrition for children with oro-motor 

dysfunction and feeding problems, and recent estimates from Europe suggest that up to 67% 

of children classified as GMFCS IV or V are fed via a gastrostomy tube.177 However, whether or 

not the benefits of gastrostomy feeding (weight gain, reduced feeding times, parental reports 

of improved health) outweigh the risks (post-operative complications, potential to overfeed 

and gastrooesophageal reflux risk) remains debatable.110,112 Other interventions include the use 

of medications to reduce acidity, or fundoplication to prevent gastrointestinal reflux.88,98 

1.5.3 Management of respiratory issues 

Decisions around respiratory management in children with cerebral palsy usually follow a 

multidisciplinary individualised assessment of the underlying aetiology of the respiratory 

symptoms.118 Non-invasive measures may include postural management and special seating to 

improve respiratory health, where abnormal posture is seen to be negatively impacting on 

respiratory function. There is generally a low threshold for antibiotic use for respiratory 

infections in this group,123 and prophylactic antibiotics are sometimes used in those who 

experience frequent respiratory infections.118 Recommendations for the management of lung 

colonisation in this population do not exist, nor does a clear understanding of how this 

impacts on future health. 
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A video fluoroscopic examination may be carried out to investigate whether or not a child is 

experiencing pulmonary aspiration of oral feeds.116 Where recurrent lower respiratory tract 

infections and pneumonia are suspected to be due to pulmonary aspiration, thickened feeds 

and anti-reflux therapy may be trialled initially, but many children, particularly those with 

severe cerebral palsy, will require a gastrostomy, combined with fundoplication if there is 

significant reflux. Stopping oral feeds may not address the problem of saliva aspiration, and 

anticholinergic drug therapy, botulinum toxin injections into the salivary glands or saliva 

control surgery (described below) may be considered.123   

Overnight continuous or biphasic positive airway pressure (CPAP and BiPAP), two non-

invasive ventilation options, can be effective in managing obstructive sleep apnoea and upper 

airway obstruction and improving the quality of sleep in children with cerebral palsy.123 An 

adenotonsillectomy is usually the first surgical option for both conditions; in a minority of 

cases however, children with severe obstructive symptoms will require long-term mechanical 

ventilation and require a tracheostomy.178 Although a tracheostomy is effective in lowering the 

risk of aspiration and allowing easier airway access, it is associated with a number of clinical 

complications including persistent bacterial colonisation.179 In addition, it places a substantial 

burden of care on families and impacts on the child’s ability to participate fully in school and 

in the community.122 Thus, careful consideration by treating clinicians and parents is required 

before a tracheostomy is performed. 

1.5.4 Dental interventions 

Children with complex chronic conditions such as cerebral palsy are more likely than the 

general childhood population to require general anaesthesia and a hospital admission to 

manage routine dental conditions. This is usually attributed to a shortage of outpatient and 

community-based dental facilities that are able to manage children with complex conditions 

and movement disorders, as well as concerns around patient safety.180 Dental procedures 

carried out under anaesthesia in the hospital setting in this group include preventive dental 

care, dental fillings and extractions, stainless steel crown insertions, and dental sealant 

placements.181 

1.5.5 Saliva control 

In the first instance, behavioural approaches may be used to manage excessive drooling. These 

include using cues to encourage children to swallow or wipe and self-manage their drooling, 

with positive re-enforcement for success.182 If the behavioural approaches are unsuccessful, 

medication can be trialled. There are a number of anticholinergic drugs currently available. 
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They work by blocking the parasympathetic nervous system that stimulates the salivary 

glands.183 These drugs reduce the production of saliva whilst they are being used and may 

improve drooling partially or completely; however, there is little evidence available currently 

showing their effectiveness, and they are associated with side effects that limit their use.142,184 

If conservative methods of saliva control have been trialled unsuccessfully, more invasive 

options may be considered. Injection of botulinum toxin into the salivary glands has been 

shown to be effective in reducing drooling, but the effects are temporary.185-188 Botulinum 

toxin exerts an anticholinergic effect by blocking both autonomic ganglia and neuromuscular 

junctions.183 Once all other options have been exhausted, surgical intervention may be 

necessary. Surgical procedures include excision of the salivary glands (two parotid, two 

submandibular and two sublingual) in various combinations, or re-routing or ligation of the 

major salivary ducts. Most individuals and their families report a reduction in drooling 

following surgery.189,190 For some however, the adverse effects of dry mouth and swallowing 

difficulties that can occur after surgery are unacceptable,191 and consequently, the benefits and 

risks of saliva control surgery need to be carefully considered before undertaking this 

procedure. 

1.5.6 Management of musculoskeletal issues 

1.5.6.1 Tone management 

The objectives of tone management in children with cerebral palsy are to optimise functional 

movement and prevent fixed deformity such as joint contractures and bony torsion, with the 

aim of improving participation and quality of life. In doing so, gait abnormalities may be 

corrected, upper limb function improved, and the requirement for orthopaedic surgery 

delayed or reduced.192 There are a variety of different options for managing tone. 

Oral medications are used frequently for spasticity, the most common of which are baclofen 

and diazepam.193 They have generalized systemic effects, and may benefit children who have 

diffuse spasticity, particularly those children who have involvement of both their upper and 

lower limbs.194 Trials of oral medication to manage dystonia in the cerebral palsy population 

have shown limited effects.195,196  

Since the 1990s, intramuscular injections of botulinum toxin have been used to manage 

spasticity. They work by blocking the release of acetylcholine at the neuromuscular junction, 

essentially temporarily denervating the muscle, and are considered a focal treatment for 

spasticity but not an effective treatment for generalized spasticity. Focal management of 

spasticity may benefit a child if reducing spasticity in only a few muscles improves function.194 
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The effectiveness of intramuscular injections of botulinum toxin injections in improving focal 

spasticity in children with cerebral palsy has been demonstrated in multiple trials,197-200 and its 

use for this purpose has become routine. It is important to note, however, that some studies 

have reported adverse events associated with botulinum toxin use in children with cerebral 

palsy. These include gastrointestinal and respiratory disorders, muscle weakness, seizures and 

unspecified pain,201-203 some of which necessitate unplanned hospital admissions.203 

There are some neurosurgical options for managing abnormal tone; however, these are used 

less frequently than oral medications and intramuscular injections. Intrathecal baclofen 

pumps are an alternative option for children who have severe generalised spasticity or 

dystonia which is not relieved by oral baclofen. Baclofen is an inhibitory neuro-transmitter 

which has been shown to provide relief from severe generalised spasticity and dystonia when 

delivered intrathecally in children with cerebral palsy.204,205 Intrathecal baclofen pumps are 

associated with a number of complications including mechanical errors, adverse responses to 

the medication, cerebrospinal fluid leaks, withdrawal and overdose effects, and infections, and 

they require careful monitoring and management by experienced clinicians.206-210  

Selective dorsal rhizotomy, a neurosurgical approach that involves identifying nerve roots 

coming into the spinal cord from leg muscles and severing some of them, is sometimes 

considered for children who have high levels of spasticity in the lower limbs (spastic diplegia), 

but otherwise adequate motor control.211,212 Several studies have shown that selective dorsal 

rhizotomy effectively reduces both long- and short-term spasticity in suitable patients.213-215 As 

selective dorsal rhizotomy is an irreversible neurosurgical procedure that may occasionally 

have a negative impact on motor function, a patient must meet strict selection criteria before 

being deemed a suitable candidate for the surgery.216  

Intrathecal baclofen and selective dorsal rhizotomy are expensive treatment options, 

associated with multiple complications and requiring specific neurosurgical expertise. 

Consequently, a child’s suitability for either treatment option needs to be carefully considered. 

There is some evidence emerging on the effectiveness of deep brain stimulation in managing 

dystonia in individuals with cerebral palsy.217-220 Deep brain stimulation is a neurosurgical 

procedure involving the placement of high frequency stimulating electrodes in specific parts 

of the brain, which for the treatment of dystonia, is usually one or both globus pallidi.221 This 

treatment option is rarely used to manage dystonic cerebral palsy in current clinical practice, 

and research in this area is ongoing. 
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1.5.6.2 Musculoskeletal surgery 

Upper and lower limb surgery 

Upper limb deformities are usually corrected by a combination of contracture lengthening and 

tendon transfers, the goals of which are both cosmetic and functional. Upper limb surgery in 

this population is often carried out by plastic surgeons.143,222 For lower limb deformities, a 

combination of muscle and tendon lengthening and transfer procedures, osteotomies, and 

joint stabilization procedures may be appropriate.223 In the past, children had staged 

orthopaedic surgeries. Today, children are typically treated in a single stage manner, and all of 

the musculoskeletal problems are addressed using multi-level procedures, decreasing the 

number of surgeries a child may have. This is commonly referred to as single event multi-level 

surgery.11 

Hip surgery 

Hip displacement surgery can be classified as preventive (soft-tissue surgery); reconstructive 

(varus derotational osteotomies); or salvage, and an individual child’s options for hip surgery 

usually depend on their age and the degree of hip displacement.149 Preventive surgery refers to 

the various surgical approaches used to treat or prevent early hip displacement in younger 

children, and generally involves the release of the adductor and gracilis muscles and 

sometimes the lengthening of the iliopsoas muscles of the hips.224,225  

Delayed diagnosis or an unsuccessful preventive soft-tissue surgery may result in the need for 

more complex reconstructive surgery, which involves osteotomy (cutting) and re-positioning 

of the bones to bring the head of the femur within the acetabulum, and then re-attachment 

with a plate and screws. The plate and screws are left in the bone while it heals; sometimes a 

second surgery is required to remove them.149  

Salvage surgery, which refers to loss of the hip joint by excision of the femoral head, is 

generally only required when the child presents too late for either preventive or reconstructive 

surgery and in most centres where there is an active hip surveillance program in place, the 

need for salvage surgery in children with cerebral palsy has been almost eliminated.149,226 The 

results of salvage surgery are unpredictable and the risks of morbidity and mortality and post-

operative complications are far greater than in preventive or reconstructive surgeries.11 

Scoliosis surgery 

Correction of scoliosis is challenging, and in children with cerebral palsy, can be further 

complicated by the severity and complexity of their condition. Customised seating systems 
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and spinal braces have not been shown to have a significant effect on the size of the curve or 

the rate of progression,227 and most severe cases of scoliosis will require surgical 

intervention.120 Barriers to scoliosis surgery include respiratory infections, chronic respiratory 

compromise, uncontrolled epilepsy, failure to thrive and weight loss, as well as the issues of 

gastrostomy tubes, gastro-oesophageal reflux disease and anaesthetic complications that deem 

the child too compromised to have surgery.228  

The standard surgical procedure is a spinal fusion, the goals being to correct the curve, 

prevent progression of the curve and improve the position of the spine; metal rods are 

typically used to hold the spine in place until fusion happens.228 Children and young people 

with cerebral palsy who have scoliosis surgery are likely to experience more complicated pre- 

and post-surgical admissions than those who have idiopathic scoliosis.151 Postoperatively they 

are more likely to require prolonged mechanical ventilation and experience life threatening 

complications including respiratory dysfunction, wound and other infections compared to 

young people undergoing surgery for idiopathic scoliosis.229,230 They are likely to require 

prolonged stays in the intensive care unit and the number of days in intensive care after 

surgery has been found to be a predictor of survival after scoliosis surgery in this population.231  

The ultimate goals of scoliosis surgery are to improve seating position and balance, decrease 

pain, and improve self-esteem and quality of life. Though there are many risks associated with 

scoliosis surgery, it is associated with high satisfaction among carers, most of whom perceive 

an overall improvement in their child’s quality of life following surgery.231,232 Few studies have 

investigated the effect of scoliosis surgery on respiratory function in children with cerebral 

palsy, partly because respiratory function tests in children with severe neurodisabilities are 

extremely difficult to carry out. As such, evidence for whether scoliosis surgery actually leads 

to improvements in respiratory function is lacking. Currently, the general consensus is that it 

does not decrease the incidence of respiratory disease.233 

1.5.6.3 Low bone density and fracture management 

In order to prevent low bone density occurring in a child with cerebral palsy, the American 

Academy of Cerebral Palsy and Developmental Medicine recommends 1) dietary counselling 

to ensure an adequate dietary intake of calcium, 2) vitamin D supplementation if a child has 

low sun exposure, and 3) development of a weight bearing program.234 When low bone density 

is suspected, a referral to a bone density service for dual-energy X-ray absorptiometry (DXA) 

testing is recommended.235 Where appropriate, medical treatment with bisphosphonates may 

be commenced. Bisphosphonates have been shown to improve bone mineral density and 
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reduces fracture risk in children with cerebral palsy.236,237 When fractures do occur, they are 

usually treated non-surgically but in some cases, surgical treatment and a hospital admission 

is required.153,154 

1.5.7 Management of problems with vision 

While children with cerebral palsy may respond to conservative treatment methods e.g. 

occlusion therapy (patching the good eye), pharmacological treatments (eye drops) and 

spectacle wearing in a manner similar to their typically-developing peers, more invasive 

treatment of vision problems may be required.238 One of the most frequently performed ocular 

surgeries in children is strabismus surgery. This involves operating on the muscles of the eye 

to improve alignment. Strabismus surgery has been shown to have a high success rate in 

children with cerebral palsy.161 

1.5.8 Management of urogenital issues 

A multidisciplinary approach is often necessary when working to achieve continence in a child 

with cerebral palsy. This should comprise a functional review of the child, include reviewing 

their methods of communication and mobility, managing spasticity, and providing all 

necessary equipment, staffing, and funding. Equipment such as commodes, raised toilet seats, 

handrails, and clothing modifications may assist some children. This multidisciplinary 

approach can increase the chances of achieving urinary continence with conservative 

treatment approaches.239 

Symptomatic urinary tract infections should be treated with the appropriate antibiotics. The 

likelihood of discovering a urinary tract infection in children with CP who do not have 

symptoms of such an infection is small, and routine urinary tract screening in this population 

is not recommended.240 

1.5.9 Management of problems with hearing 

Many children with cerebral palsy who experience hearing loss will benefit from using hearing 

aids. For children with a severe or profound sensorineural hearing loss that cannot be 

corrected merely by amplification, the insertion of a cochlear implant may be considered. The 

cochlear implant is an electronic device inserted to perform the function of damaged or absent 

cochlear cells, and to stimulate the remaining auditory nerve fibres, and it has been shown to 

be a viable option for children with hearing loss associated with cerebral palsy.241,242 Children 

with an intellectual disability may experience fewer benefits from cochlear implants due to 
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difficulties in postoperative rehabilitation; however, intellectual disability is not always a 

contraindication for cochlear implant insertion.243 

1.5.10 Management of mental health issues 

Medical management for psychosocial issues varies from drug therapy for symptom 

management to interventions that have more of a disease management focus such as psycho-

education and coaching in social skills, and problem solving therapy. In general, alternatives 

to pharmacological and other medical procedures are favoured, the aim being to empower 

children to accept and manage their condition and promote self-efficacy.171 

1.6 Life expectancy 

Among individuals with cerebral palsy, expected life expectancy is related to the severity of 

the motor impairment and the presence of co-impairments. Individuals with a mild gross 

motor impairment and no co-impairments can be expected to have a life expectancy similar to 

the general population. Rates of survival have been investigated using population cohorts of 

individuals with cerebral palsy in Australia,244,245 the United Kingdom,246,247 Sweden,248 

Japan,249 and the United States of America (USA).250,251 There is consensus among each of 

these groups that severe motor impairment, epilepsy, and impairments of vision, hearing and 

intellect are associated with reduced survival in this population. Both Reid et al. (2012)245 and 

Himmelman et al. (2015),248 analysing data from the Victorian and Swedish cerebral palsy 

registries respectively, reported the proportion of all cases to survive to the age of 40 years to 

be around 80%. In the Victorian study, this rose to 98% for those with a mild gross motor 

impairment (GMFCS I or II) but fell to around 30% among those with a severe gross motor 

impairment (GMFCS IV or V) and multiple co-impairments.245 Most groups have reported no 

improvement in life expectancy over the past few decades, and respiratory illnesses remain the 

leading causes of death in this population.244,245,248 

1.7 Conclusion 

Cerebral palsy is a complex, chronic condition, and though it may be neurological in origin, 

for many affected individuals, the associated comorbidities can affect every system of the 

body. Some comorbidities exist across all GMFCS levels, whereas other predominantly affect 

those who have a severe gross motor impairment (GMFCS IV or V). The increased risk of 

epilepsy, gastrointestinal problems, respiratory complications, poor dental health, progressive 

musculoskeletal pathologies, problems with hearing and vision, and psycho-social issues 

associated with the condition means that this group of children have a complex set of medical 
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needs, above that experienced by their typically developing peers. The presence of any of these 

co-impairments, and/or the use of devices such as feeding tubes and intrathecal baclofen 

pumps increases the complexity of cerebral palsy. Table 1.4 summarises the major medical 

issues experienced by this population and the current medical and surgical management 

options. 
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 Major medical comorbidities Medical and surgical management  

Nervous system Epilepsy 

Hydrocephalus 

Anti-epileptic medication 

Ketogenic diet 

Epilepsy surgery 

Ventriculo-peritoneal shunt insertion (and revision/s) 

Gastrointestinal Dysphagia 

Gastro-oesophageal reflux 
disease 

Feeding difficulties 

Constipation 

Poor growth 

Gastrostomy 

Fundoplication 

Anti-reflux medications 

Laxatives 

 

Respiratory Pulmonary aspiration 

Frequent upper and lower 
respiratory tract infections 

Chest wall deformities 

Chronic colonisation 

Upper airway obstruction 

Obstructive sleep apnoea 

Chronic lung disease 

Gastrostomy; Fundoplication 

Administration of nebulised agents 

Prophylactic antibiotics 

Video fluoroscopic examination 

Overnight continuous or biphasic positive airway 
pressure; Airway suctioning 

Adenotonsillectomy 

Tracheostomy 

Dental/Saliva control Malocclusion (incorrect bite) 

Parafunctional oral habits e.g. 
bruxism (grinding of teeth) 

Poor oral hygiene 

Dental caries 

Dental erosion 

Excessive drooling 

Dental examination and procedures under anaesthesia 

Anti-cholinergic medications 

Botulinum toxin injections to the salivary glands 

Saliva control surgery 

Musculoskeletal Upper limb deformities 

Lower limb deformities 

Hip displacement 

Scoliosis 

Low bone density 

Fractures 

Tone management oral medication 

Intramuscular injections of botulinum toxin 

Intrathecal baclofen 

Selective dorsal rhizotomy; Deep brain stimulation 

Orthopaedic surgery 

Dual-energy X-ray absorptiometry (DXA) testing 

Treatment with bisphosphonates 

Fracture management 

Vision Strabismus 

Cortical visual impairment 

Amblyopia, reduced visual acuity, 
and refractive error 

Conservative management 

Correction of refractive errors 

Strabismus surgery 

Urogenital Urinary incontinence 

Dysfunctional voiding 

Urinary tract infections 

Multidisciplinary approach; Functional review  

Provision of necessary equipment 

Antibiotics for symptomatic infections 

Hearing Sensorineural, conductive, or 
mixed hearing loss 

Conservative management 

Hearing aids 

Insertion of cochlear implants 

Mental health Peer problems 

Problems with concentration 

Behavioural issues 

Anxiety 

Psycho-education 

Coaching in social skills 

Oral medications 

Table 1.4 The medical comorbidities experienced frequently by children with cerebral palsy, and the current medical and 
surgical management options  
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1.8 Summary of chapter 1  

 

 

 

 

 

Figure 1.1 Summary of chapter 1 

  

Cerebral palsy is the most 

common cause of childhood 

physical disability worldwide, 

affecting approximately two in 

every 1,000 children. The physical disability can 

range from mild to severe, and 

comorbidities including 

impairment of speech, vision, 

hearing and intellect, and 

epilepsy are common. 
Children with cerebral palsy are 

more likely than their typically-

developing peers to experience 

acute illness and chronic 

diseases that affect almost all 

of the organ systems. 
With no cure, management 

centres on reducing pain and 

improving functional abilities, 

participation and quality of life, 

and in some cases, it may also 

focus on making care easier. 
For many children with cerebral 

palsy, medical and surgical 

management requires a multi-

disciplinary approach, with 

involvement of most medical 

disciplines. For this group, medical care is a 

constant but variable need, the 

focus changing over time as the 

needs of the individual and 

their family change. 
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2.1 Background to this review 

In chapter 1, the complexity of cerebral palsy was described, including the most common 

comorbidities, and the current medical and surgical management options. It is clear from the 

body of available literature that much is known about the condition and how affected children 

are best managed from a medical perspective. However, it was not clear if, as a group, children 

with cerebral palsy are receiving optimal medical care, from a healthcare delivery perspective. 

Questions surround whether current systems of medical care delivery enable children with 

cerebral palsy to receive the right care, in the right place, and at the right time. 

2.2 Objective of this review 

The objective of this literature review was to present the current best available research on the use 

of medical services by children and young people with cerebral palsy. This includes emergency 

department (ED), inpatient and outpatient services. 

2.3 Inclusion criteria 

To be included, literature had to demonstrate that it dealt with the use of medical services by 

children and young people with cerebral palsy. The inclusion criteria are outlined below.  

2.3.1 Participants  

Studies that included children and young people with cerebral palsy were included. Studies did not 

have to be looking exclusively at children and young people with cerebral palsy; if they made up a 

proportion of the entire study population, the study was included. 

2.3.2 Outcome measures 

Studies of inpatient, ED and outpatient service use, including all specialist physician and general 

practitioner visits, were included. 

2.3.3 Study design  

All literature regarding the research topic was searched for. Papers of varying methodology were 

included. 

2.4 Search strategy 

The search focused on studies published in the English language up to 2015. The researcher 

met with a librarian from the Royal Children’s Hospital, Melbourne and discussed the search 

strategy including search terms and literature resources. Relevant articles were identified 

primarily by searching electronic databases. This was supplemented by hand searching 
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journals and checking the reference lists of relevant articles. All searches were carried out by 

the PhD student. The electronic databases searched were CINAHL (EBSCO), Medline (OVID), 

PubMed, Google Scholar and the Cochrane Database of Systematic Reviews. The databases 

were comprehensively searched to identify all literature on the chosen topic. The search terms 

and combinations employed were based on content analysis, preliminary reading and the 

author’s knowledge of the subject area. Search terms and descriptors included: cerebral palsy, 

developmental disabilities, neurological impairment, health services, emergency services, 

emergency medical services, inpatients, hospitalization, family physicians, general 

practitioners, health expenditures, office visits, health services research. Each search 

individually located numerous papers, some in excess of 50,000 articles. Thus, Boolean terms 

(and/or) were used to group the search terms to form smaller, more manageable searches.  

The articles that were identified in the searches were reviewed for their relevance to the topic 

of this review. First, they were reviewed at the title level, and then at the abstract level to 

ascertain their relevance to the topic in terms of their study participants, outcome measures 

and study designs. If deemed relevant, full-texts were obtained. Once the results were 

reviewed, the same search was carried out using a different database, ensuring stability and 

precision in the search. Foreign language literature was not included in this search. 

2.5 Search results 

2.5.1 Hospital admissions 

Three studies were identified that reported on hospital admissions specifically in children with 

cerebral palsy.252-254 A number of research groups have reported extensively on hospital 

admissions among children with neurological and other chronic conditions in the USA and 

Canada using national or nationally-representative datasets, and children with cerebral palsy 

made up a significant proportion of these children.255-259 

2.5.1.1 Key themes 

When looking at previous research that has investigated hospital admissions in children and 

young people with cerebral palsy (predominantly from the USA and Canada), three main 

themes emerge: 

1. Compared to the general childhood population, children with cerebral palsy 

are more likely to experience hospital admissions. 

Across two papers, Young et al.253,254 outline the results of analyses of hospital admission data 

from the Canadian Institute of Health and Welfare for a sample of young people (aged 
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between thirteen and eighteen years) and adults with cerebral palsy. They found that one-

third of young people with cerebral palsy had been admitted to hospital at least once over a 

four-year period, the annual rate of admission in this group being 180 per 1000 persons.253 

They reported that over the four-year period, the group of young people with cerebral palsy 

were admitted to hospital seven times more often than those in the general population and 

required 9.5 times as many inpatient days as their age-matched peers.254 

As outlined in Chapter 1, children with cerebral palsy are at an increased risk of epilepsy,81 

gastrointestinal problems,92 respiratory complications,118 and other comorbidities, and are also 

more likely than their typically developing peers to have devices such as feeding tubes,177 

tracheostomies,260 and ventricular shunts. As such, the finding that children with cerebral 

palsy are more likely than children from the general population to require a hospital 

admission in a given time period is not surprising. Due to the exponential increase in the 

amount of research being carried out in the cerebral palsy population over the past few 

decades, the range of treatment and management options for the most common comorbidities 

experienced by this population available today is diverse. As such, it would be expected that 

children with cerebral palsy will require more hospital admissions than their typically-

developing peers in order to avail themselves of these new treatment options and receive best 

practice care, that is, evidence-based care which takes into account the needs and 

circumstances of the child and their family. 

2. The proportion of hospital admissions attributable to children with cerebral 

palsy and other complex chronic conditions has increased since the 1990s. 

Simon et al. (2010) carried out a retrospective analysis of data from the Healthcare Cost and 

Utilization Project Kids Inpatient Database (HCUP KID), a nationally representative database 

of all hospital discharges pertaining to children in the USA. They found that between 1997 and 

2006, hospital admissions for children with complex chronic conditions accounted for an 

increasingly disproportionate number of hospital days and charges, accounting for 8.9% of US 

childhood admissions in 1997 and 10.1% in 2006 (p<0.0001).259 Interestingly, Burns et al. 

(2010) who retrospectively analysed data from the National Inpatient Sample (NIS), a large 

nationally representative hospital discharge database in the USA, found that while hospital 

admissions among children who had a diagnosis of cerebral palsy as well as one other complex 

chronic condition increased between 1991 and 2005, the hospitalisation rates of children with 

a diagnosis of cerebral palsy alone actually decreased slightly during the same period. The 

authors suggest that the decrease in the rate of admissions for children with cerebral palsy 

alone reflects the stable rate of cerebral palsy in the region throughout the study period.258 
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The overall trend of an increasing proportion of children with disabilities and chronic illnesses 

accounting for more inpatient resources over time is usually attributed to advances in 

neonatal intensive care techniques and the increasing rates of survival of children who in the 

past would not have survived beyond the neonatal period, or would have died early in life.261 

Many extremely pre-term babies are now surviving beyond the neonatal period and living into 

childhood and adolescence with conditions related to their extreme prematurity that will 

require additional care.262 Other suggested explanations for the rising proportion of hospital 

admissions attributable to children with disabilities and chronic illnesses include the 

possibility that inpatient care for children with more common conditions such as asthma and 

diabetes may be moving from inpatient to outpatient settings, leaving proportionately more 

children with disabilities in inpatient settings; or the population of children with disabilities 

may be similar to previous decades but their inpatient use may be increasing, particularly as 

they age.259 

3. The responsibility for inpatient care of children with cerebral palsy and other 

complex chronic conditions may be shifting to specialist paediatric hospitals. 

Using data pertaining to children with a known diagnosis of a neurological impairment on the 

Healthcare Cost and Utilization Project Kids Inpatient Database, Berry et al. (2012) found 

these children to account for a decreasing proportion of hospitalisations in non-children’s 

hospitals over the study period (3.0% in 1997 to 2.5% in 2006, p<0.001), but an increasing 

proportion of hospitalisations within children’s hospitals (11.7% in 1997 to 13.5% in 2006, 

p<0.001).257 This study considered data from both freestanding children’s hospitals and 

children’s hospitals within adult general hospitals. Further retrospective analysis of the 

Pediatric Health Information System, an administrative database containing inpatient data 

from twenty-eight freestanding paediatric hospitals throughout the USA, also showed an 

increase in the number of admissions to paediatric hospitals attributable to children with 

chronic conditions, the largest growth appearing in children with significant chronic 

conditions including cerebral palsy.256 

This reflects the trend whereby children with cerebral palsy are using tertiary specialist 

paediatric hospitals more, and local, community hospitals less, a trend which has also been 

reported elsewhere.252 Possible explanations for this shift in care to tertiary centres include the 

centralisation of services, the increased number of complex surgical procedures performed on 

these children, and the introduction of new treatments, procedures and technologies that 

require specialised training and knowledge and are only offered in tertiary centres. 

Implications of this trend include the potential for specialist paediatric hospitals to experience 
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financial pressures if they are not adequately reimbursed for caring for these complex patients, 

which may ultimately impact on the care of all patients.256 

2.5.1.2 Hospital admission characteristics 

Using data from the Healthcare Cost and Utilization Project Kids Inpatient Database, Murphy 

et al. (2006) compared the characteristics of hospital admissions between children with and 

without a diagnosis of cerebral palsy. As well as being more likely to be admitted to a tertiary 

paediatric hospital, children with cerebral palsy were also more likely than other children to 

be electively admitted to hospital, to die during their admission, to have longer lengths of stay 

and to have higher hospital charges. The authors also reported that children with cerebral 

palsy used more hospital services, had more diagnoses and underwent more procedures per 

admission compared to other hospitalised children.252 There is a lack of information 

describing which children with cerebral palsy are most likely to require hospital admission but 

Berry et al. (2011) did find that among children with cerebral palsy requiring frequent 

readmissions to hospital, 77.1% had a gastrostomy tube in place and an unspecified significant 

proportion had ventricular shunts, suggesting that it is those children with severe and 

complex cerebral palsy who are technology-dependent that are most likely to require a 

hospital admission.255 

2.5.1.3 Main reasons for hospital admissions 

Disorders of the respiratory, neurological, gastrointestinal and musculoskeletal systems are 

some of the most common causes of morbidity in children with cerebral palsy and thus would 

be expected to be the most common reasons for hospital admissions in this group. Murphy et 

al. (2006b) reported that disorders of the respiratory and nervous systems accounted for 

around 50% of all cerebral palsy admissions, while disorders of the musculoskeletal, digestive, 

endocrine, and metabolic systems accounted for around 20%, 10% and 5% respectively.252 

Young et al. (2011) reported similar findings, with pneumonia and epilepsy being the most 

common reasons for hospital admission in their group, each individually accounting for 13% of 

admissions, followed by various disorders of the musculoskeletal and digestive systems.253 

2.5.1.4 Surgical admissions 

Many children with cerebral palsy are admitted to hospital for surgical interventions, some of 

which will be classified as elective. Analysis of the Healthcare Cost and Utilization Project Kids 

Inpatient Database found that around 15% of cerebral palsy admissions in the US are for 

surgery, the five most commonly performed surgeries being gastrostomy tube insertions (4.7% 

of cerebral palsy admissions), soft tissue musculoskeletal procedures (3.8%), fundoplications 



Chapter 2 | A review of the literature 

Page | 41 

(2.9%), spinal fusions with instrumentation (2.1%) and bony hip surgeries (1.8%). The 

nutritional needs of children with cerebral palsy drive a significant amount of surgery in this 

group as reflected by gastrostomy tube insertions and fundoplications being the first and third 

most frequently performed surgeries respectively, accounting for around 8% of all cerebral 

palsy admissions.263 

2.5.1.5 Frequent readmissions 

Further analysis of the Pediatric Health Information System by Berry et al. (2011) showed that 

children with cerebral palsy and other neurological conditions account for a large proportion 

of those children who require readmission to hospital. In this case, a readmission referred to 

any admission that a child experienced during the twelve months following an index (first) 

admission. Among the cohort of children admitted to thirty-seven US children’s hospitals in 

2003, 2.9% of children experienced four or more readmissions within one year of their first 

admission; of these, 8% had a diagnosis of cerebral palsy. Respiratory-related diagnoses and 

procedures were the most common principal reasons for readmission among these patients. 

Despite only accounting for 2.9% of patients in the entire cohort, those patients requiring 

recurrent admissions accounted for almost 20% of all admissions and 25% of total hospital 

charges.255 These figures demonstrate that a small number of recurrently re-admitted children 

use a disproportionate amount of paediatric hospital inpatient resources. 

2.5.1.6 Critical analysis of the literature pertaining to hospital admissions in children with cerebral 

palsy 

There are a number of methodological limitations to the current body of literature pertaining 

to hospital admissions in children with cerebral palsy. The studies described above 252-259,261-263 

used administrative datasets only and are all lacking clinical and demographic information on 

their cohorts. Additional information on cerebral palsy type, severity, cognitive abilities, 

comorbidities and device or technology dependence (e.g. gastrostomy tubes and 

tracheostomies) would contribute greatly to these bodies of work and would allow inferences 

to be made around factors affecting hospital admission rates in cohorts of children with 

cerebral palsy. The use of de-identified databases which contain episode-level rather than 

individual patient-level data 257-259 further inhibits the inferences that can be made as some 

individual children will have been counted multiple times as different cases in the data 

analysis. 

The use of International Classification of Diseases (ICD) codes to identify children with 

cerebral palsy from inpatient datasets 252,255-259,263 is associated with a number of limitations 
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including the potential to inaccurately estimate the number of children with cerebral palsy 

due to coding errors and differences in documentation of diagnoses between hospitals. This 

methodology forces researchers to rely on the ability of hospital coders to positively identify 

children with cerebral palsy and correctly code cerebral palsy on admissions forms. Difficulties 

can arise when children are being admitted for something completely unrelated to their 

cerebral palsy, or when a child has more than one clinical diagnosis and cerebral palsy is not 

listed on the admission form. In some children, cerebral palsy is not diagnosed until after the 

age of two years and thus it is likely that many younger children will not have cerebral palsy 

listed as one of their diagnoses on hospital discharges. Therefore in studies that rely on ICD 

coding to identify participants, many children with cerebral palsy, particularly very young 

children and those with mild cerebral palsy, may be missed from the analysis, introducing a 

systematic bias to the study. Because age is known to be an important factor influencing rates 

of, and reasons for, hospital admissions, the failure to include children from different age 

groups also introduces a systematic bias. Some studies in this review looked specifically at 

children from particular age groups 253,254,258 which does not allow for the investigation of 

differences in admission rates between age groups. 

The use of hospitalized children without cerebral palsy as control groups also presents a 

number of challenges. A sample of hospitalised children cannot be generalizable to the 

general childhood population as it will contain disproportionally more sick children with 

chronic illnesses, and in fact, the differences between children with cerebral palsy and the 

general population of children without cerebral palsy are probably greater than those 

presented by these groups. For example, Murphy et al. (2006) who looked at surgical 

admissions compared children with cerebral palsy to those without cerebral palsy and found 

that those children without cerebral palsy had longer lengths of stay and increased rates of 

certain post-surgery infections.263 This could be explained by the fact that those children in 

the non-cerebral palsy group who were having the same surgeries as children with cerebral 

palsy would include children with other chronic conditions such as metabolic and 

neurodegenerative disorders and spina bifida. For this reason, it is not always suitable to use 

hospital controls when looking at hospital admissions in children with cerebral palsy and 

when examining data from any study, the nature of the controls needs to be fully understood. 

As outlined above, much of the available research looking at hospital admissions in children 

with cerebral palsy and other disabilities is from the USA. However, differences in the 

definition of paediatric hospitals should be considered when interpreting these findings. At 

present, paediatric hospitals in the USA are categorised as: freestanding paediatric hospitals; 
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paediatric hospitals within adult general hospitals; and specialist paediatric hospitals. This 

differs from the majority of other countries where the term “paediatric hospital” refers only to 

freestanding paediatric hospitals. Therefore, the rate of admissions to paediatric hospitals in 

the US may seem significantly higher than in other countries including Australia. This limits 

to extent to which research into inpatient resource use in the USA, specifically paediatric 

hospital inpatient resource use, can be generalised to other countries. 

2.5.2 Emergency Department presentations 

Due to concerns about inappropriate ED use, there have been a large number of publications 

relating to ED presentations among the general paediatric population over the past number of 

years. The available literature examines the increase in paediatric ED use and the use of the 

ED for non-urgent reasons,264-267 considers the relationship between a child’s primary care set-

up and their ED use,268-271 identifies factors influencing the frequency of paediatric ED use,272-

275 and assesses the characteristics of children who view the ED as their usual source of care.276 

There is a paucity of literature pertaining to patterns of ED use among children with 

disabilities, and this literature search did not locate any studies examining the frequency and 

characteristics of ED use specifically in children with cerebral palsy. A number of studies 

describe the pattern of ED use in samples of children using broader categories such as 

children with special healthcare needs,277 and children with developmental disabilities.278,279 

These studies provide some details of data pertaining to children with cerebral palsy within 

the larger samples. 

2.5.2.1 Key themes  

Analysis of the limited literature describing ED use in children with cerebral palsy and other 

disabilities reveals three main themes:  

1. Children with severe cerebral palsy have more visits to the ED than children 

with mild cerebral palsy and children from the general population. 

Boulet et al. (2009) present data derived from the 1997-2005 National Health Interview Study 

(NHIS) on health service use among children living in the USA. Of those children with 

cerebral palsy and a co-occurring developmental disability such as epilepsy or Attention 

Deficit Hyperactivity Disorder, 11.4% had visited an ED in the past year, compared to 4.8% of 

children with cerebral palsy alone, and 5.5% of children with no known developmental 

disability.278 Hsu et al. (2009) reported much higher figures, with over 30% of their sample of 

children with disabilities reporting having attended the ED over a four month study period.279 
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These higher figures can be explained by the fact that the sample was comprised of children 

aged less than six years who are known to use the ED more than older children. 

Pollack et al. (2004) provide the results of a preliminary analysis of ED use in a population of 

low-income children with chronic health conditions in Michigan, of which 14% had a 

diagnosis of cerebral palsy making it the most prevalent diagnosis in this group. They found 

children with cerebral palsy to represent 14% of all ED visits in this group, with a rate of 0.46 

visits per person year.277 This was lower than the mean rate of 0.55 visits per person year in the 

entire sample of children with all types of special healthcare needs, but higher than the US 

national estimate of children’s ED use which is 0.37 ED visits per person year.280 This group 

identified significant variation in ED use among children with the same qualifying diagnosis, 

suggesting that the severity of the condition influences the frequency of ED use.277 

Gastrostomy tubes are associated with a number of complications that may require emergency 

care,281 and upon retrospectively analysing the records of seventy-seven children who 

presented to the ED a total of 181 times over a twenty-three month period with gastrostomy-

related complaints, Saavedra et al. 281 found that over half (55%) had neurological disorders 

including cerebral palsy. Tracheostomies are also associated with complications requiring 

emergency care,282 and Murphy et al. (2013) found that there was a high rate of avoidable ED 

visits among children with complex disabilities and tracheostomies, with children with 

cerebral palsy responsible for the majority of visits 260. Intrathecal baclofen pumps 209,210 and 

ventricular shunts 176,283 are also associated with increased ED presentations and thus, children 

with cerebral palsy who are technology-dependent would be expected to have more ED 

presentations than children without them. 

2. Children from lower socio-economic backgrounds have higher rates of ED use. 

Investigating ED presentations in children with disabilities, Hsu et al. (2009) found a strong 

association between ED use and household socio-economic status, with children with a “poor 

household economic status” having higher rates of ED use.279 Pollack et al. (2004) also 

reported race and other demographic variables including eligibility for public assistance 

programs, to be sources of variation in ED use among children with chronic health 

conditions.277 This is not just an issue in children with disabilities; there is strong evidence 

that in the general population, children from lower economic backgrounds are more likely to 

present to the ED 265,284 and are more likely to use the ED as their “usual source of care”.285 

This is predominantly attributed to the fact that the ED is accessible at all times and delivers 
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full medical services for all patients regardless of their presenting complaint, private health 

insurance status or ability to pay. 

3. Younger children are more likely than older children to present to the ED. 

Pollack et al. (2004) found age to be a significant predictor of ED use. In their study, infants 

(aged less than one year) had more ED visits than any other age group, and the frequency of 

ED use decreased steadily with age.277 Hsu et al. (2009) did not find a statistically significant 

relationship between age and ED use, but the narrow age range of their sample (0-6 year olds) 

may explain this.279 

These findings are in line with current trends, and in Australia, the age group with the greatest 

number of ED presentations each year is children aged less than four years who accounted for 

12% of all presentations, despite making up just 6.5% of the entire Australian population. 286 

There are a number of explanations for this, one being that babies and younger children have 

under-developed immune systems and are more susceptible to infection and to rapid 

deterioration in their health status. Secondly, it is more difficult to make a diagnosis in infants 

due to their inability to communicate their complaints verbally and consequently they may 

require more extensive testing in order to reach a diagnosis; such testing may not be possible 

in primary care settings.277 

2.5.2.2 ED presentation characteristics  

Presenting complaints  

There is limited information available on the most common reasons for ED presentations in 

children with cerebral palsy and other disabilities. Hsu et al. (2009) reported fever, respiratory 

symptoms, abdominal pain, injury and seizures to be the main presenting complaints in their 

sample. 279 This is supported by Bazarra et al. (2012) who found that respiratory infections, 

seizures and dehydration were the most frequent presenting complaints among children with 

cerebral palsy attending ED.287 These presenting complaints do not differ significantly from 

the most common presenting complaints in the general paediatric population, which differ 

between age groups but are usually disorders of the respiratory system, infectious diseases, 

seizures and injuries and poisonings.287,288 As previously described, children with cerebral 

palsy who are technology-dependent would be expected to have higher rates of ED 

presentations due to the malfunctioning of devices such as gastrostomy tubes, ventricular 

shunts, intrathecal baclofen pumps and tracheostomies, and it is likely that these would 

contribute to the main presenting complaints of children with cerebral palsy attending the 

ED. 
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Urban-rural variation  

Pollack et al. (2004) found that children who were residing in urban areas used the ED 

significantly more often than children who were living in rural areas, even after controlling for 

a number of factors.277 They suggested that this may be due to the geographic distribution of 

EDs and the increased availability of specialist paediatric EDs in metropolitan areas, or it may 

reflect the greater role of primary care physicians in rural areas in coordinating the care of 

children with chronic conditions such as cerebral palsy. Urban-rural variation was not 

investigated by the other studies included in this literature review. Groups that have 

investigated urban-rural variation in ED use in various populations have found higher 

likelihood and frequency of ED use in rural areas.289,290 They attribute this to differences in 

primary care accessibility and organization between urban and rural clinics, most notably the 

fact that rural physicians spend less time at their clinics and offer less walk-in care. It is 

important to note here however, that the meaning of the term “rural” may vary between 

countries. For example, in many countries such as the USA or the United Kingdom, most 

rural-dwellers are still relatively close to towns and cities. This is in contrast to a country like 

Australia where many rural-dwellers are significant distances from a town or city. This needs 

to be taken into consideration when interpreting results and generalising findings. 

2.5.2.3 Critical analysis of the literature pertaining to ED use among children with cerebral palsy 

As mentioned previously, there were no studies looking at ED use specifically in children with 

cerebral palsy located through this literature search. Three studies included some information 

on children with cerebral palsy who were identified from larger cohorts.277-279 Each of these 

studies had a number of limitations. Boulet et al. (2009) and Hsu et al. (2009) both used data 

ascertained via parent reports of ED service use and are therefore susceptible to recall and 

selection bias.278,279 Pollack et al. (2004) looked only at the ED use of a population of low-

income children with chronic health conditions; their results are therefore not generalizable 

to entire populations of children with chronic health conditions.291  

Further, low numbers of children with cerebral palsy and a lack of clinical information on 

cerebral palsy type and severity limit the inferences that can be made in terms of clinical 

factors affecting the rates of ED presentations in this population. Additional information on 

cerebral palsy type, severity, epilepsy status, cognitive abilities, comorbidities and technologies 

(e.g. gastrostomy tubes and tracheostomies) would allow factors affecting ED use in children 

with cerebral palsy to be investigated. The available literature does not provide data on 

departure disposition or factors which are associated with admission to hospital following ED 
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presentation in children with disabilities. Similarly, there is a lack of information on the triage 

categories most commonly assigned to children with cerebral palsy who present to the ED. 

2.5.3 Other medical services 

Following a survey of 125 parents of children with cerebral palsy, the CanChild Centre for 

Childhood Disability Research in Ontario, Canada reported that 60% of children had visited a 

family physician over the previous twelve months, while 52% had visited a paediatrician. The 

authors discuss the significant variation within the sample, with age and cerebral palsy 

severity determining the number of services received over the study period.292 Using the 

Ontario Health Insurance Plan, a dataset which includes information on all claims for medical 

services covered by this provincial health insurance system, Young et al. (2007) showed that 

almost all children with cerebral palsy sampled (92.2%) had received services from a family 

physician over the study period, while just under 60% had seen a paediatrician, and almost 

half had seen a surgeon. This group found that young people with cerebral palsy had over 

120% more outpatient physician visits than young people in the general population and 

overall, young people with cerebral palsy received half of their outpatient care from primary 

care physicians in their offices, with other specialists accounting for almost 30% of outpatient 

visits.254 Young et al. (2007) included only children aged between thirteen and seventeen 

years, while the CanChild group surveyed children from birth to eighteen years of age; this 

may explain the differences in figures as older children and adolescents may have more of 

their care co-ordinated by their family doctor, while younger children may be more likely to 

see a variety of medical specialists, particularly in the years immediately following diagnosis. 

The results of household surveys in the USA also show that children with disabilities and 

other special health care needs access outpatient services and other medical services outside 

of the hospital setting more frequently than children from the general population.293,294 

Newacheck and Kim (2005) found that children with disabilities made more than twice as 

many visits to doctors as children without disabilities (p<0.001), with an average of 4.6 visits 

per year; this figure includes office-based and hospital outpatient visits. The same group 

reported that families of children with disabilities had around three times the average 

expenditure on doctors’ services as children without disabilities (p<0.001) and the out-of-

pocket expenditures of families of children with disabilities were around 50% higher than 

children without disabilities (p<0.001). However, when total healthcare expenditures were 

ranked, the upper decile of children accounted for 64.9% of all healthcare expenditures for 

children with disabilities, demonstrating that the burden of out-of-pocket expenditures for 
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medical services is concentrated among a small subset of the population of children with 

severe disabilities.294 Boulet et al. (2009) found that ten per-cent of children with cerebral 

palsy alone, and over one-quarter (26.4%) of children with cerebral palsy and at least one 

other developmental disability reported having more than nine visits to a doctor’s office over 

the previous year, compared to less than 5% of children with no known developmental 

disability. In this study, the term medical specialist referred to any medical specialist other 

than an obstetrician/gynaecologist, psychiatrist, or ophthalmologist; however, this did not 

include hospital outpatient visits, only office visits, so the actual number of medical visits was 

likely to be much higher. 

2.5.3.1 Barriers to accessing services 

There is some evidence that children with disabilities experience more barriers to accessing 

primary care services than children without disabilities. Although, in theory, it should not be a 

major problem in Australia, health insurance status has been shown to be an important factor 

in determining access to, and predicting satisfaction with, primary care services in the USA. 

295,296 Other issues faced by children with disabilities include the fact that many general 

practitioners and other primary care physicians may be inexperienced in managing children 

with cerebral palsy and may not have adequate knowledge of the condition and its 

management.297 This may particularly affect children living in rural areas who may be limited 

in their choice of primary care physicians, and there is some evidence to suggest that 

individuals with disabilities living in rural or isolated areas often have to travel long distances 

to find a general practitioner or other primary care physician who can provide them with 

appropriate care.298 In turn, the overuse of hospital services by children with disabilities 

creates a cycle where primary care physicians become less experienced in treating such 

children, forcing more and more children with disabilities to rely on hospital care. 

Access to specialist care  

Caring for children with disabilities also often requires the input of medical specialists in the 

form of periodic consultations.299 Paediatric specialists are likely to have particular areas of 

expertise and their input can be valuable in caring for children with cerebral palsy. However, a 

number of barriers to accessing specialist care have been identified. In the USA, health 

insurance status has been identified as a factor affecting children’s access to, and use of, 

paediatric medical specialists.295 Although  private health insurance plays less of a role in the 

Australian healthcare system, it is likely that children who have private health insurance cover 

will have easier access to private specialist services, while uninsured children may have long 
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waiting time for public services. Other issues identified include difficulties in getting referrals 

to specialist services, out of pocket costs, and the availability of medical professionals who 

have the skills and experience in managing children with complex disabilities.300,301 

Poor co-ordination of services  

The complexity of cerebral palsy means that a single medical professional cannot arrange or 

deliver all of the medical services required for a child with the condition. Children with 

cerebral palsy are likely to require input from developmental paediatricians, neurologists, 

orthopaedic surgeons and rehabilitation specialists, and co-ordinating both primary care and 

speciality care is difficult. Lack of communication between clinicians can lead to broken 

patterns of care and duplication of services, as well as confusion for families and patients.297 

Children with more complex medical problems are likely to be receiving services from a 

number of different providers at a number of different locations.302 This makes co-ordination 

of care difficult, and in a survey of parents of children with cerebral palsy, Law et al. (2003) 

found that services at fewer locations and greater co-ordination of care increases families’ 

satisfaction with services.302 

2.5.3.2 Critical analysis of the literature pertaining to the use of other medical services by children 

with cerebral palsy 

Differences in definitions between countries make comparisons difficult. For example, in 

Australia, the term “outpatient services” generally refers to interactions between healthcare 

providers and non-admitted patients, the key point being that the patient is not a hospital 

inpatient at the time of the consultation. Traditionally this included services delivered in 

hospital “outpatient clinics” where medical professionals deliver specialist services to non-

admitted non-ED patients.303 Upon analysis of the literature however, it became clear that 

different countries have varying perceptions of what the term outpatient services 

encompasses. For example, Young et al. (2007) counted general practitioner visits and ED 

visits as outpatient physician visits.254 

Differences in health system structures also make comparisons between countries difficult, 

and limit the generalizability of some study findings. In the USA for example, the majority of 

children will have a primary care paediatrician that they will see for the majority of their 

everyday medical needs. In contrast, in Australia, most children will see a general practitioner 

for their everyday medical needs, and will only require consultations with a paediatrician 

periodically when specific concerns that require specialist paediatric care arise. 
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The studies that investigated the use of medical services by children with disabilities do not 

differentiate between public and private service use.254,278,292-294 Because the Australian 

healthcare system is characterised by a public-private mix, whereby all Australians have access 

to a publically-funded system of care but can use private health insurance or personal funds to 

get expedited access to private services, it is important to consider the use of private medical 

services. There may be important personal, clinical and demographic factors that predict the 

use of private services that cannot be identified in the current literature. 

Due to the system differences outlined above, it was not always clear from the literature if 

authors were referring to public or private services, or both; if they were investigating hospital 

outpatient services or visits to public and private specialists based in the community, or both; 

or if authors were referring to appointments with family doctors or specialist paediatricians. 

Due to the fact that general practitioners and community paediatricians have very different 

roles in the Australian system, it is important to distinguish between the two. Furthermore, 

because in Australia the majority of specialist medical services are delivered in hospital 

outpatient clinics, and it is mostly private services that are delivered outside of hospital 

outpatient clinics, it is important to clearly distinguish between public and private services so 

that predictors of use of each of these services can be identified. 

2.6 Conclusion 

Important differences between countries in the structure of health systems and the delivery of 

medical care, and variation in definitions used, limit the inferences that can be made from, 

and the generalisability of, the findings of many of the studies discussed in this literature 

review. Much of the health services research identified comes from the USA and focuses on 

the role of private health insurance in determining access to, and satisfaction with, medical 

and other health services. In contrast to the USA where private health insurance plays a 

prominent role and represents the main health financing and coverage system for most of the 

population, in Australia it plays a supporting role to the public system. Thus, much of the 

research from the USA that has focussed on health insurance status is not relevant, or at least 

not generalisable, to the Australian population. 

Of the few studies that did report on medical service use specifically in children with cerebral 

palsy, most used administrative health services datasets alone and were subsequently lacking 

demographic data and clinical information on cerebral palsy severity and complexity. In 

addition, the use of episode-level data rather than patient-level data meant that individual 

children could not be followed up over time, and individual children will have been counted 
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multiple times as different cases in some data analysis. There was no report in the published 

literature of a cerebral palsy register being used for health services research. None of the 

papers discussed in this review were from Australia, and there were no published data or 

statistics on medical service use in Australian children with cerebral palsy, despite it being the 

most common cause of childhood physical disability. 
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2.7 Summary of chapter 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Summary of chapter 2 

The research that is available 

shows that compared to 

typically developing children, 

those with cerebral palsy have 

more hospital visits and see 

more medical specialists. 

Factors found to be associated 

with increased healthcare 

utilisation in this group included 

gastrostomy feeding and epilepsy. 

Data demonstrating the 

relationship between GMFCS level 

and service utilisation were absent 

from the literature.  
Across the world, children with 

cerebral palsy experience more 

barriers to accessing primary 

and specialist medical care, and 

are more likely to experience 

poorly co-ordinated care. 

Due to differences between 

countries in definitions used 

and health system structures, 

much of the past research is 

country-specific, and the 

findings are not generalisable. 

Little research to date has 

investigated medical service 

use in children with cerebral 

palsy, with no examples in the 

published literature of a 

cerebral palsy register being 

used for health services 

research. 
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3.1 Aims 

The overall aims of this project were, for young people with cerebral palsy, to: 

 describe their patterns of medical service use; 

 identify the clinical, demographic and other factors associated with the frequency and 

type of medical services used; 

 compare their hospital admission and ED presentation characteristics with those of 

the  general population of the same age. 

A secondary aim was to: 

 investigate the financial burden experienced by the families of children and young 

people with cerebral palsy attributable to their child’s additional medical needs. 

 

3.2 Data linkage 

“Routinely collected data, when linked, are a rich source of sound evidence for making health 

care decisions” 304 

Data linkage has been defined as “the bringing together from two or more different sources, 

data that relate to the same individual, family, place or event”.305 For researchers, the benefits 

of data linkage include the ability to obtain and analyse more data than are available in 

individual datasets. For researchers and the wider community, there are benefits to be gained 

from the reduced time and costs associated with data collection.306 When used effectively, 

linked datasets can be a valuable tool for health services planning, allowing researchers and 

policy makers to evaluate the effectiveness and quality of health services, the uptake of 

treatments and the impact of programs.304 

One ethical issue that frequently arises relates to requirements for consent. Debate has 

surrounded the issue of whether or not individual consent is required before linking multiple 

datasets for research purposes, with researchers often citing the “impractability” of obtaining 

consent from large cohorts and the subsequent introduction of bias and reduction of 

statistical power as justification for not obtaining individual consent.307-309 A recent qualitative 

study carried out in Australia with a representative group of lay persons reported that, in 

general, most people are content with data linkage taking place without their consent so long 

as researchers do not have access to identifiable data.310 The general consensus today is that 

data linkage for research purposes should be permitted so long as 1) all tasks related to the 
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linkage project are separated so that researchers do not have access to the fully identifiable 

datasets being linked; and 2) once linkage has been carried out, all data are de-identified 

before being returned to researchers.311 

Linkage of multiple datasets is most straight-forward when the various datasets use a common 

unique identifier. Such unique identifiers are assigned at birth in many countries including 

Norway, Sweden and Denmark which have a long history of data linkage research but no such 

unique identifier currently exists in Australia. With the exception of Western Australia where 

data linkage schemes began in the 1970’s,305 infrastructure support to enable data linkage has 

only recently become available to researchers in the other states and territories.306 Victorian 

Data Linkages (VDL) is the Victorian state node of the Population Health Research Network, a 

program aimed at creating Australia’s first national data linkage network. VDL, supported by 

the Victorian Government Department of State Development, Business and Innovation and 

the Victorian Government Department of Health and Human Services, facilitates data linkage 

and provides population-wide linked data to researchers while adhering to Victorian privacy 

principles.312 

Despite huge advances in data linkage infrastructure throughout Australia over the past few 

decades, Australian researchers still face multiple barriers to accessing linked data. These 

include data custodians’ concerns about the protection of individuals’ privacy, the lack of 

standardisation of data variables between organisations, a lack of unique patient identifiers to 

facilitate linkage, and an unwillingness of organisations to release data that may result in 

researchers finding poorer outcomes in particular health units or organisations.304 

3.3 The Victorian Cerebral Palsy Register 

The Victorian Cerebral Palsy Register (VCPR) is a database that contains demographic, 

perinatal, and clinical data on individuals with cerebral palsy who were born or have lived in 

Australian state of Victoria from 1970 onwards. It was founded in 1986 as an initiative of the 

Department of Child Development and Rehabilitation (now known as Developmental 

Medicine) at the Royal Children’s Hospital, Melbourne. Data on each registered case are 

collected primarily from the medical records, and occasionally from the individual or their 

family, or from treating clinicians. The VCPR has grown to be one of the largest single 

population-based cerebral palsy registers in the world, now holding detailed information on 

approximately 5,500 individuals with cerebral palsy. 

The usefulness of linking cancer registries to health services datasets has been demonstrated 

multiple times.313-316 More recently, in Victoria, the national stroke registry was linked with 
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hospital admissions and ED data.317 Population-based cerebral palsy registries, such as the 

VCPR, are well placed to play a similar role for the cerebral palsy population; however, to date, 

they have not been used for this purpose. Linking a cerebral palsy register to a health services 

dataset in order to investigate service use in this population offers a number of advantages 

over using diagnosis codes to identify individuals with cerebral palsy from health services 

datasets: 

 It allows researchers to investigate service use in well-defined populations or birth 

cohorts of children with cerebral palsy; 

 It ensures accuracy of cerebral palsy diagnoses and eliminates the need to rely on 

hospital coding, which, due to the heterogeneity of cerebral palsy and differences in 

terminology, is not always reliable; 

 It allows detailed analysis of how clinical factors such as cerebral palsy severity and 

complexity and demographic factors affect the rate of medical service use in individual 

children; 

 It enables trends over time to be examined, both among individual patients 

throughout the life course, and among population cohorts which may reflect changes 

in practice. 

3.4 What this study can contribute 

The objective of this study is to use data linkage techniques to better understand how children 

and young people with cerebral palsy are using healthcare services throughout Victoria. It is 

important to understand the patterns of medical service use in this group so that efforts can 

be made to deliver services more efficiently and effectively to this population of children. As 

countries worldwide experience increasing financial pressures to deliver best care with fewer 

resources, the inappropriate use of high-acuity services is concerning due to the higher costs 

of delivering routine care in specialist settings. An understanding of medical service use 

among this population of children will inform efforts to deliver the right care in the right place 

at the right time, ultimately maximising healthcare value. 

3.5 Ethical approval 

Two separate ethics applications were submitted to the Human Research Ethics Committee at 

the Royal Children’s Hospital, Melbourne. The first application contained a request to perform 

data linkage between the VCPR and the Victorian Admitted Episodes Dataset (VAED) and the 

Victorian Emergency Minimum Dataset (VEMD). The second application requested inpatient, 

outpatient and ED data from the Royal Children’s Hospital and Monash Children’s Hospital 
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pertaining to a cerebral palsy cohort so the use of services at these two tertiary paediatric 

hospitals could be investigated. This second ethics application also included a request to carry 

out a parent survey. 

3.6 Project outline 

This project can be divided into three parts: 

1. Tertiary paediatric hospital admissions and ED presentations among children with 

cerebral palsy 

2. Statewide hospital admissions and ED presentations among children with cerebral 

palsy 

3. Other medical service use and financial implications for families of children with 

cerebral palsy 

3.6.1 Tertiary paediatric hospital admissions and ED presentations 

Routinely-collected ED and admissions data from the two tertiary paediatric hospitals in 

Victoria, the Royal Children’s Hospital and Monash Children’s Hospital, were analysed to 

investigate patterns of tertiary paediatric hospital use in children and young people with 

cerebral palsy, and to determine which factors affect frequency and type of tertiary paediatric 

hospital ED presentations and admissions in this population. These data were obtained 

directly from the two hospitals.  

3.6.1.1 Step 1 

Following receipt of ethics approval, the VCPR data custodian extracted the relevant clinical 

and demographic data from the VCPR. The VCPR cohort used for this study comprised 

registered individuals who were born between 1993 and 2008, and data on their admissions 

and ED presentations to the Royal Children’s Hospital and Monash Children’s Hospital that 

took place between 2008 and 2012 were requested. Details of the data extracted from the 

VCPR for each individual are outlined in Table 3.1.  
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Variable Description 

VCPR ID VCPR unique identifier 

RCH Unit Record (UR) number RCH unique identifier, data linkage variable 

Monash Health Unit Record (UR) number MCH unique identifier, data linkage variable 

Date of birth Date of birth of case 

GMFCS level Measure of gross motor function, according to the 
Gross Motor Function Classification System (I-V) 61  

Epilepsy  Co-diagnosis of epilepsy (yes/no/resolved) 

Table 3.1 VCPR variables used for tertiary paediatric data linkage  

[VCPR, Victorian Cerebral Palsy Register; UR, unit record; RCH, Royal Children’s Hospital; MCH, Monash 
Children’s Hospital; GMFCS, Gross Motor Function Classification System] 

 

3.6.1.2 Step 2 

The VCPR data custodian provided Health Information Services (HIS) staff at both hospitals 

with a list of the hospital unit record (UR) numbers of each member of the VCPR cohort. 

Figures 3.1 and 3.2 describe the data linkage process undertaken by HIS staff at the Royal 

Children’s Hospital and Monash Children’s Hospital to extract the relevant ED and hospital 

admissions data. 
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First Linkage (RCH)    

   

VCPR, registered cases, born 1993-2008 

n=2,183 

  

  

RCH UR number used for linkage 

 

30% (n=651) with a 
match i.e. at least one 
RCH ED presentation 
between 2008 and 2012 

70% (n=1752) without a 
match i.e. no RCH ED 
presentation between 
2008 and 2012 

  

    

Second Linkage (MCH) 

    

VCPR, registered cases, born 1993-2008 

n = 2,183 

  

  

Monash UR number used for linkage 

 

10% (n=209) with a 
match i.e. at least one 
MCH ED presentation  
between 2008 and 2012 

90% (n=1,974) without 
a match i.e. no MCH ED 
presentation between 
2008 and 2012 

  

 

 37% (n = 814 ) matched with RCH and/or MCH ED 
records i.e. 37% of the cerebral palsy cohort had at 
least one ED presentation to RCH or MCH between 

2008 and 2012 

 

   

Figure 3.1 Data linkage process undertaken to extract tertiary paediatric emergency department data 

[VCPR, Victorian Cerebral Palsy Register; UR, unit record; RCH, Royal Children’s Hospital; MCH, Monash Children’s Hospital; 
ED, emergency department]  



Chapter 3 | Aims, rationale and methodology 

Page | 60 

First Linkage (RCH)    

   

VCPR, registered cases, born 1993-2008 

n=2,183 

  

  

RCH UR number used for linkage 

 

55% (n=1,204) with a 
match i.e. at least one 
RCH admission between 
2008 and 2012 

45% (n=979) without a 
match i.e. no RCH 
admission between 
2008 and 2012 

  

    

Second Linkage (MCH) 

    

VCPR, registered cases, born 1993-2008 

n = 2,183 

  

  

Monash UR number used for linkage 

 

22% (n=391) with a 
match i.e. at least one 
MCH admission 
between 2008 and 
2012 

78% (n=1,792) without 
a match i.e. no MCH 
admission between 
2008 and 2012 

  

 

 66% (n =1443 ) matched with RCH and/or MCH ED 
records i.e. 66% of the cerebral palsy cohort had at 
least one admission to RCH or MCH between 2008 

and 2012 

 

   

Figure 3.2 Data linkage process undertaken to extract tertiary paediatric admissions data 

[VCPR, Victorian Cerebral Palsy Register; UR, unit record; RCH, Royal Children’s Hospital; MCH, Monash Children’s Hospital]  
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3.6.1.3 Step 3 

For each ED presentation, HIS staff at both hospitals extracted the data outlined in Table 3.2. 

Variable  Description 

Date of presentation Date of presentation to the ED 

Arrival hour Time of presentation to the ED 

Length of stay  Time spent in the ED (minutes) 

Triage category Australasian Triage Scale (ATS) = the urgency with which a patient 
should be treated. ATS 1 = most urgent; ATS 5 = least urgent 

Triage symptom  One diagnosis code reflecting the presenting complaint i.e. the reason 
for presenting to the ED 

Discharge diagnosis  One diagnosis code reflecting the diagnosis assigned to the patient 
upon discharge from the ED 

Departure disposition Outcome of presentation (admitted/ discharged home/failed to wait) 

Table 3.2 Tertiary paediatric emergency department data extracted for analysis 

 

For each admission, HIS staff at both hospitals extracted the data outlined in Table 3.3. 

Variable Description 

Date of admission Date of admission to hospital 

Date of discharge Date of discharge from hospital 

Same-day flag Flag indicating if the admission was a same-day admission (Yes/No) 

Length of stay Length of stay for multi-day admissions (number of days) 

Diagnostic Related Group  Classification categorising admissions into groups with similar 
conditions and similar usage of hospital resources, using information in 
the hospital morbidity record such as the diagnoses, procedures and 
demographic characteristics of the patient. Can be summarised as 
Medical, Surgical, or Other. 

ICD 10 diagnosis code(s) One primary diagnosis code and up to 39 secondary diagnoses per 
admission reflecting injuries, disease conditions, and patient 
characteristics impacting the admission 

ICD 10 procedure code (s) Up to 40 procedure codes reflecting the interventions used for the 
diagnosis and/or treatment of the patient during the admission 

Table 3.3 Tertiary paediatric admissions data extracted for analysis 

 

3.6.1.4 Step 4 

HIS staff sent admissions and ED data back to the researchers, following which the relevant 

clinical data from the VCPR was added to each record. The data were de-identified by 

removing UR numbers and VCPR ID but each case was assigned a study ID number so that the 
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data were re-identifiable only to the researchers. This was deemed appropriate as members of 

the research team had rightful access to the medical records of the cerebral palsy cohort at 

both hospitals as part of their roles. All analysis was carried out on re-identifiable data.  

3.6.2 Statewide hospital admissions and ED presentations 

Data on ED presentations to all hospitals in Victoria were obtained by linking the VCPR to the 

Victorian Emergency Minimum Dataset (VEMD). The VEMD contains de-identified 

demographic, administrative and clinical data detailing ED presentations at Victorian public 

hospitals and other hospitals as designated by the Victorian Department of Health and 

Human Services.318 

To obtain data on admissions to all hospitals around the state, the VCPR was linked to the 

Victorian Admitted Episodes Dataset (VAED). The VAED contains demographic, clinical and 

administrative data for every admission occurring in Victorian hospitals, rehabilitation 

centres, extended care facilities, and day procedure centres.319 

To maintain and protect patient privacy, only minimal data are stored on both datasets, and 

information such as patient name and street address is not collected for the VAED or VEMD. 

Each patient is denoted by a hospital-controlled patient identifier code (unit record number). 

The VAED and VEMD are both internally-linked. This means that individual patients can be 

followed up over time. 

3.6.2.1 Barriers to data linkage 

In releasing patient-level data or detailed aggregate data derived from patient-level data, VDL 

minimizes risks to confidentiality in a number of ways. For example, data released are always 

limited to the specific data fields necessary for the purpose of the study. In addition, 

demographic data and temporal variables (e.g. admission date) may be deleted or grouped 

before release, and conditions are often attached to the release of data. Should data files be 

released that could enable the identification of individual patients, the researcher must agree 

to not use, publish or disseminate the data in a way that could identify individual patients, 

and they are required to agree to not communicate the data to other persons or organizations, 

or link the data with any other data source.319 

Along with other data linkage centres in Australia, VDL adheres to the separation principle, 

which is felt to reflect the current best practice model of data linkage. When followed 

correctly, the separation principle ensures that access to identifying information is restricted 

to the linkage team, and researchers do not need to access any personal information. When 
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the database custodians and others that have access to the databases involved in the linkage 

project are not involved in the research process (i.e. will not be receiving or have access to the 

linked data), getting approval to access linked data is generally a straight-forward process. 

3.6.2.2 Barriers related to this project 

This project was complicated in that the PhD student had access to the identifiable VCPR 

database, and despite the de-identification of all linked data files, VDL management felt that 

there was still the potential for the student to re-identify individuals, if she had access to both 

the de-identified linked data files and the identifiable VCPR database. For this reason, VDL 

would not agree to release linked VCPR – VAED or VCPR – VEMD linked data directly to the 

PhD student. To overcome this issue, and to ensure that the separation principle was being 

adhered to, a third party (who did not have access to the VCPR database) joined the research 

team. This person was responsible for receiving the linked unit record level data and 

performing some initial data checking and cleaning. She then provided the PhD student with 

many separate data files, each containing only a few variables. The ID variable in each file was 

unrelated to the other files, so there was no way to merge them, and as a result, no risk of 

identifying individual patients. 

Another barrier to this project was the fact that the VCPR database is not a Department of 

Health and Human Services approved database, and had not previously been used by the 

Department for a linkage project. In order for an outside database to be brought in to the 

Department, Secretarial approval is first required. For the Secretary to approve a project, it 

must be deemed to fit with the Department’s aims and overall objectives. To ensure this was 

the case, the involvement of the Victorian Paediatric Clinical Network, a collaborative network 

of health professionals, patients, consumers, carers and stakeholder organisations working to 

improve coordination, planning, development and delivery of statewide paediatric services, 

was sought. The Network supported this project and felt that it was in line with their strategic 

framework, which aims for paediatric health services to be child and family-centred, cost 

effective, sustainable, evidence-based, and delivered within the community and close to home 

where possible.320 The Victorian Paediatric Clinical Network’s involvement and endorsement 

of this project meant that Secretarial approval was obtained to bring the VCPR in to the 

Department of Health and Human Services for linkage purposes. 

Following secretarial approval, as well as approval from VDL and the relevant data custodians, 

the following steps were taken to link the VCPR to the VAED and VEMD. 
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3.6.2.3 Step 1 

Data pertaining to all individuals on the VCPR who were aged 5-18 on 30th June, 2014 (i.e. a 

date of birth between 1st July 1995 and 30th June, 2009), were extracted from the VCPR and 

uploaded to VDL’s Secure Data Exchange online portal by the VCPR data custodian. The 

VCPR variables extracted are outlined in Table 3.4. 

Data variables Description 

RCH UR number RCH unique identifier 

Monash Health UR number Monash Health unique identifier 

VCPR ID VCPR unique identifier 

Date of birth Date of birth of case 

GMFCS level Measure of gross motor function, according to the Gross Motor 
Function Classification System (I-V) 61 

Epilepsy Co-diagnosis of epilepsy (yes/no/resolved) 

Gastrostomy  Gastrostomy tube inserted (yes/no) 

Intrathecal baclofen pump Intrathecal baclofen pump inserted (yes/no) 

Shunt  Ventriculo-peritoneal shunt inserted for hydrocephalus (yes/no) 

Tracheostomy Permanent tracheostomy performed (yes/no) 

Intellect Indication of the child’s level of intellect (normal [IQ>70, or so 
described] / mild impairment [IQ=50-69, or so described] / 
moderate impairment [IQ=35-49, or so described] / severe 
impairment [IQ<35, or so described] / probably greater than 
borderline impairment, severity uncertain / probably borderline or 
no impairment / unknown) 

Vision  Indication of whether a vision impairment is present (no 
impairment / strabismus only / some impairment [wears glasses] / 
functionally blind / unknown) 

Hearing impairment Indication of whether a hearing impairment is present (no 
impairment / some impairment / bilateral deafness / unknown)  

Speech impairment Indication of whether a speech impairment is present (no 
impairment / some impairment / non-verbal / unknown) 

Deceased Record of whether or not the individual has died 

Year of death  Year of death (if relevant) 

Month of death  Month of death (if relevant) 

Table 3.4 VCPR data variables extracted for linkage with the VAED and VEMD 
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3.6.2.4 Step 2 

Variables that were common identifiers between the VCPR and the VAED and VEMD and 

which could potentially be linkage variables were identified as: 

 Hospital Unit Record (UR) number  

 Date of Birth 

 Gender 

3.6.2.5 Step 3 

Data linkage was undertaken by VDL using a stepwise deterministic linkage approach. 

Deterministic linkage is one of the two basic data linkage methodologies in existence. It 

requires an exact match between linkage variables. Consequently, if any data entry errors were 

present, e.g. incorrect date of birth recorded on an admission or ED presentation, true 

matches between the VCPR and the VAED/VEMD would have been missed.  

For cycle 1 of the linkage process, VCPR records were linked to the VAED and VEMD records 

by the Royal Children’s Hospital hospital-code and UR number. Those VCPR records that 

linked with a VAED/VEMD ID were considered “matched”. For cycle 2, the Monash Children’s 

Hospital hospital-code and UR number were used to link the remaining “non-matched” VCPR 

records to the VAED/VEMD.  

Following cycle 1 in both linkage processes, an additional linkage cycle was trialled with 

linkage variables date of birth and gender. Following some validation checks, it was noted that 

the matches were falsely matched so this was dis-regarded. VDL staff informed us that there 

was potential for the linked VCPR-VAED VCPR-VEMD data files to contain some linkage 

errors due to the data linkage techniques used; however, they emphasised that the number of 

errors, if any, was likely to be minimal, and given the numbers of records, any errors were 

unlikely to influence the reported findings. If there were any errors and some members of the 

cerebral palsy cohort incorrectly matched, this would have led to some children with cerebral 

palsy ending up in the general population admissions and ED presentations; if this was the 

case, real differences between both groups would be slightly diluted.  

The process of linking the VCPR with the VEMD and the VAED is outlined in Figures 3.3 and 

3.4.  
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VCPR – registered cases, date of birth between 1st 
July 1995 and 30th June, 2009 

n = 1,748 

  

  

Cycle 1   

   

  Linkage variables: RCH UR number; RCH hospital 
code 

   

61.3% (n = 1,072) matched with the VEMD   

    

Cycle 2    

   

  Linkage variables: Monash Health UR number; 
hospital code 

   

Additional 2.5% (n=44) matched with the VEMD   

 

 

 

 

 Total of 63.8% (n=1,116) VCPR cases linked with 
the VEMD 

 

   

Figure 3.3 VCPR – VEMD linkage process 

[VCPR, Victorian Cerebral Palsy Register; UR, unit record; RCH, Royal Children’s Hospital; VEMD, Victorian Emergency 
Minimum Dataset]  



Chapter 3 | Aims, rationale and methodology 

Page | 67 

VCPR, registered cases, date of birth between 1st 
July 1995 and 30th June, 2009 

n = 1,748 

  

  

Cycle 1   

   

  Linkage variables: RCH UR number; RCH hospital 
code 

   

90.5% (n = 1,582) matched with the VAED   

    

Cycle 2    

    

  Linkage variables: Monash Health UR number; 
hospital code 

   

Additional 0.2% (n=4) matched with the VAED   

  

 

 

 

 

 

  

 Total of 1,586 VCPR cases (90.7%) linked with the 
VAED 

 

   

Figure 3.4 VCPR – VAED linkage process 

[VCPR, Victorian Cerebral Palsy Register; UR, unit record; RCH, Royal Children’s Hospital; VAED, Victorian Admitted 
Episodes Dataset] 

 

3.6.2.6 Step 4 

Data were obtained on all ED presentations and hospital admissions that took place between 

financial years 2007-08 and 2013-14 (1 July 2007 – 30 June 14). For each episode, the data 

outlined in Tables 3.5 and 3.6 were extracted. 
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Variable  Description 

Arrival month Month of arrival at the ED 

Arrival year Year of arrival at the ED 

Departure Month Month ED presentation completed 

Departure Year Year ED presentation completed 

Arrival transport mode Transport used to arrive at the ED 

Type of visit  Reason patient presents to the ED (e.g. emergency or pre-planned) 

Triage category Classification according to urgency of need for care (1=most urgent; 
5 = least urgent) 

Referred by Source from which patient was referred to the ED 

Type of Usual Accommodation Type of accommodation setting in which the patient usually lives 

Transfer Source The facility from which the patient was transferred to this ED 

Departure status Patient destination or status on departure from the ED 

Reason for Transfer Reason for transfer to another hospital 

Referred to on departure Agent patient was referred to for continuing care 

Encrypted campus code Hospital at which the ED presentation occurred (encrypted) 

Transfer Destination  The hospital campus to which the patient was transferred 

5 year age group 0-4; 5-9; 10-14; 15-19 (years) 

Sex The sex of the patient 

Statistical local area The patient’s statistical local area of residence 

Country of birth The country in which the patient was born 

ICD-10-AM Diagnosis Diagnosis codes reflecting injuries, disease conditions, and patient 
circumstances impacting this ED presentation 

ICD-10-AM Procedure Specific interventions/treatments performed in the ED 

Table 3.5 VEMD variables extracted for analysis 
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Variable  Description 

Month of Admission Month in which admission commenced  

Year of Admission Year in which admission commenced  

Month of separation Month of discharge from hospital 

Year of separation Year of discharge from hospital 

Admission type indicator  Type of admission (e.g. emergency or elective) 

Length of stay Length of hospital stay (days) 

Same-day separation flag Flag indicating if the admission was a same-day admission 

Intended duration of stay  Intention to discharge patient on same day or subsequent day  

DRG type Medical or surgical 

Care type Nature of clinical service provided to patient during admission 

Qualification status For newborn episodes of care (qualified or unqualified) 

Admission weight  Birthweight of live baby/weight of neonate or infant on admission 

Clinical specialty Clinical specialty required for admission 

Accommodation type  The accommodation occupied by the patient during the admission 

Intention to readmit Intention at patient discharge to readmit patient within 28 days 

WIES Total Weighted Inlier Equivalent Separations incl. co-payments 

WIES fundable flag Indicates if the admission was WIES fundable 

Separation mode Type of discharge 

Separation referral Clinical care and support arranged by hospital at discharge 

5 year age group 0-4; 5-9; 10-14; 15-19 (years) 

Sex of patient The sex of the patient 

Statistical local area (5 digit) The patient’s statistical local area of residence 

Local government area The patient’s local government area of residence 

Region of residence  Department of Health/Human Services region patient resides in 

State of residence  State of patient residence derived from the statistical local area 

Admission Source Where patient was residing prior to admission 

Hospital region  Metropolitan/Rural flag of hospital 

Campus code The campus code of the campus where the admission occurred 

Name of campus (encrypted) Unique hospital site name 

ICD-10-AM Diagnosis Diagnosis codes reflecting injuries/conditions/patient characteristics  

ICD-10-AM Procedure Procedure codes reflecting interventions and/or treatment  

Victorian adjusted AR-DRGv6 
(Australian Revised Diagnostic 
Related Groups) 

System of classification in which admissions are categorised into groups 
with similar conditions and similar usage of hospital resources. 

Victorian adjusted AR-MDCv6 
(Australian Revised Major 
Diagnostic Category)  

The AR-DRG classification (above) is separated into 23 Major Diagnostic 
Categories (MDCs) and further categorised into medical, surgical and 
other groupings. 

Table 3.6 VAED variables extracted for analysis 

  

http://www.health.gov.au/internet/main/publishing.nsf/Content/health-casemix-ardrg1.htm
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3.6.2.7 Step 5 

Once linkage was complete and all data extracted, all identifiable information was removed. 

To allow comparisons to be made between cerebral palsy episodes and those of the general 

childhood population, data were also obtained on all admissions and ED presentations during 

the study period that involved patients who were aged 0-19 years at the time of the episode. 

Three password-protected linked data files were uploaded to the VDL Secure Data Exchange 

online portal. From this portal, data files were downloaded by the statistician who merged the 

content data from the VCPR file with the de-identified VAED and VEMD data files using a 

unique identifier for each individual. Following some initial data checking and cleaning, I 

received many separate data files, each containing only a few variables. The ID variable in each 

file was unrelated to the other files, so did not provide a way to merge data files and as a 

result, there was no risk of identifying individual patients. All analysis was carried out using 

these de-identified data files.  

Table 3.7 summarises the statewide data linkage process and provides an approximate 

timeline of events.  

 Task Timeline 

1. Ongoing discussion with the Victorian Department of Health and VDL 
to obtain VDL approval, as well as data custodian & Secretarial approval  

May 2013 – 
February 2015 

2. VCPR data were uploaded to VDL’s Secure Data Exchange online portal 
by the VCPR data custodian 

March 2015 

3. Linkage variables / common identifiers were identified March 2015 

4. VCPR data were linked to the VAED and VEMD by VDL July/August 2015 

5. Linked data files were uploaded to VDL’s Secure Data Exchange online 
portal by VDL, and downloaded by the statistician 

September 2015 

6. Initial data cleaning and creation of separate data files (to eliminate the 
potential for the researchers to identify individuals) was carried out by 
the statistician 

September 2015 – 
November 2015 

7. Data files delivered for analysis and preparation of publications November 2015 

Table 3.7 Summary of statewide data linkage process 

 

3.6.3 Other medical service use and financial implications for families  

Given that no administrative dataset contains complete information on consultations with 

general practitioners and public and private paediatric medical specialists, a survey was 

purposefully designed to gather this information from a representative sample of parents and 

carers of children and young people with cerebral palsy. The survey was designed to also 
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collect information on family characteristics and finances. It included questions on the child’s 

use of services during the twelve months prior to survey completion. While recall error is a 

risk in any study that uses self-reported data, the risk of using a short recall period to try to 

eliminate recall error is the potentially huge cost in terms of information lost.321 There is no 

right answer to the question of optimal recall windows in such studies, and in these situations, 

researchers face a “trade-off” as increasing the recall period provides more information, but 

increases the likelihood of recall error.321 A twelve-month recall period was chosen for this 

study as we were interested in understanding more about the normal patterns of service use in 

this population. While recall error is undesirable, a survey with a shorter length of recall 

would have provided very little information about the child’s normal health care use. 

The survey had five sections which are outlined in table 3.8.  

 Section title Description 

Section 1 General practitioner consultations Questions about the number of general practitioner 
consultations over the previous 12 months 

Section 2 Publically-funded paediatric 
medical specialist consultations 

Questions about the frequency and type of 
consultations with publically-funded paediatric 
medical specialists over the previous 12 months 

Section 3 Privately-funded paediatric 
medical specialist consultations 

Questions about the frequency and type of 
consultations with privately-funded paediatric 
medical specialists over the previous 12 months 

Section 4 General health General questions about the health of the child, and 
their use of devices and medications, and surgical 
procedures over the previous 12 months 

Section 5 Household General questions about the household 
composition and parent education and 
employment, and questions about how the family 
copes financially in light of the additional medical 
care needs of the child with cerebral palsy.  

Table 3.8 The parent survey 

The survey was piloted with a group of parents of children and young people with cerebral 

palsy who attended a Developmental Medicine outpatient clinic over a one week period. 

Parents were approached by their paediatrician and asked if they were willing to take part in 

piloting the survey. Four parents agreed, and were subsequently contacted by the researcher. 

They carried out the survey in the clinic waiting room or at home (on a paper version), 

following which they discussed it with the researcher (in person or over the telephone). They 

provided feedback on the wording and relevance of the questions, as well as on the time taken 

to complete it. Parents’ feedback was taken into consideration and the survey was amended 

accordingly before the study commenced. Parents and carers who had previously consented to 



Chapter 3 | Aims, rationale and methodology 

Page | 72 

being contacted for research purposes received an invitation in the mail to participate in this 

study from the VCPR manager. 

Parents had the choice of completing the survey over the telephone, online or on hard copy 

that was be mailed to them. REDCap, an online survey management system, was used to 

facilitate online survey completion.322 For surveys that were completed over the phone or on a 

hard copy, data were manually entered into the REDCap database. Clinical data from the 

VCPR (GMFCS level and epilepsy) were extracted and added to each record. Data were 

exported to Stata for analysis.  

3.7 Age of participants 

On the VCPR, cerebral palsy diagnosis is confirmed at the age of five years. Therefore, 

although children can be registered before the age of five years, their medical records are re-

checked around the time of their fifth birthday to ensure that the diagnosis of cerebral palsy is 

accurate. 

The population of interest in the studies presented in this thesis were individuals that were 

aged 5-19 years at the time of the study. The recently published ‘Australian paediatric 

terminology’ recommends referring to 5-12 year olds as ‘children’ and 13-21 year olds as ‘young 

people’.323 As such, unless referring to a specific age group, the term ‘children and young 

people’ is used throughout this thesis. 

3.8 Statistical methods 

Microsoft Access and REDCap were used for data management,322 and Stata 14 for data 

analysis.324 Specific details on the various statistical methods used for each part of this project 

are outlined in the individual papers.   
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3.9 Summary of chapter 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Summary of chapter 3 

 

ED and admissions data 

obtained directly from Victoria’s 

two tertiary paediatric hospitals 

were linked with the VCPR to 

describe episodes of care at 

these centres. 

Data linkage techniques were 

developed and applied to 

describe patterns of hospital 

admissions and ED presentations 

in children with cerebral palsy. 

 

Obtaining linked data on 

statewide admissions and ED 

presentations was successfully 

completed, after a lengthy 

process, during which multiple 

hurdles were overcome.  A purposefully designed survey 

was used to gather information 

directly from parents on other 

services used, and the financial 

implications of having a child 

with additional medical care 

needs. 
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4.1 Background to chapter  

There are two tertiary paediatric hospitals in Victoria, and both are located in metropolitan 

Melbourne. The Royal Children’s Hospital is Victoria’s only stand-alone paediatric hospital. It 

is the major provider of specialist paediatric services and the designated major paediatric 

trauma centre for the state. Monash Children’s Hospital is currently co-located with an adult 

tertiary hospital and provides a range of specialist paediatric services, including emergency 

services.  

Recently, there has been much in both the medical literature and lay media about the misuse 

of tertiary paediatric ED services in Victoria, particularly at the Royal Children’s Hospital.325-328 

It appears that parents are bypassing primary care providers and non-paediatric hospitals 

closer to home in order to attend the paediatric ED for minor illnesses. Parent mistrust of 

primary care providers and non-paediatric hospitals as well as rising general practitioner fees 

have been implicated in this trend. 

As discussed in chapter 2, there is some evidence from other countries that the care of 

children with complex medical conditions is shifting more towards specialist paediatric 

hospitals. However, any ED research to date has focussed on the general childhood 

population, and is not generalisable to children with complex disabilities due to their different 

healthcare needs, including emergency medical care needs. As such, little is known about why 

children with cerebral palsy use tertiary paediatric ED services, and whether there is any 

“inappropriate” use of ED services among this group. 

4.2 Overall aim 

The overall aim of the research presented in this chapter was to describe the patterns of use of 

Victoria’s two tertiary paediatric hospital EDs by a population cohort of children and young 

people with cerebral palsy.  

4.3 Specific research questions 

1. Over a five year period, how often did children and young people with cerebral palsy 

present to Victoria’s two tertiary paediatric hospital EDs?  

2. What are the main reasons for tertiary paediatric ED presentations among children 

with cerebral palsy?  

3. How do the main reasons for tertiary paediatric ED presentations in children with 

cerebral palsy vary according to cerebral palsy severity? 
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4. Which clinical and demographic factors affect the frequency and type of tertiary 

paediatric ED presentations among Victorian children with cerebral palsy? 

4.4 Publication 

Full citation: Meehan E, Reid SM, Williams K, Freed GL, Babl FE, Sewell JR, Rawicki B, 

Reddihough DS. Tertiary paediatric emergency department use in children and young people 

with cerebral palsy. Journal of Paediatrics and Child Health. 2015: 51 (10); 994-1000 

  



ORIGINAL ARTICLE

Tertiary paediatric emergency department use in children and
young people with cerebral palsy
Elaine Meehan,1,2 Susan M Reid,1,2 Katrina Williams,1,2,3 Gary L Freed,4 Franz E Babl,1,5,6 Jillian R Sewell,1,7,8

Barry Rawicki9 and Dinah S Reddihough1,2,3

1Department of Paediatrics, 4Health Systems and Workforce Unit, Centre for Health Policy, School of Global and Population Health, The University of Melbourne,
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Aims: The aim of this study was to describe the pattern of tertiary paediatric emergency department (ED) use in children and young people
with cerebral palsy (CP).
Methods: A retrospective analysis of ED data routinely collected at the two tertiary paediatric hospitals in Victoria, Australia, cross-matched
with the Victorian Cerebral Palsy Register. Data pertaining to the ED presentations of 2183 registered individuals born 1993–2008 were obtained.
Results: Between 2008 and 2012, 37% (n = 814) of the CP cohort had 3631 tertiary paediatric ED presentations. Overall, 40% (n = 332) of
presenters were residing in inner metropolitan Melbourne; 44% (n = 356) in outer Melbourne; and 13% (n = 108) in regional Victoria. Presenters
were more likely than non-presenters to be younger, non-ambulant and have epilepsy. In total, 71% of presentations were triaged as Australasian
Triage Scale 1–3 (urgent), and 44% resulted in a hospital admission. Disorders of the respiratory, neurological and gastrointestinal systems, and
medical device problems were responsible for 72% of presentations.
Conclusion: Many of the tertiary paediatric ED presentations in this group were appropriate based on the high admission rate and the large
proportion triaged as urgent. However, there is evidence that some families are bypassing local services and travelling long distances to attend
the tertiary paediatric ED, even for less urgent complaints that do not require hospital admission. Alternative pathways of care delivery, and
strategies to promote the management of common problems experienced by children and young people with CP in non-paediatric EDs or
primary care settings, may go some way towards reducing unnecessary tertiary paediatric ED use in this group.

Key words: cerebral palsy; emergency services; hospitals; paediatric; primary health care.

What is already known on the topic

1 Children with disabilities have higher rates of emergency depart-
ment (ED) use than the general childhood population.

2 Children with cerebral palsy (CP) are susceptible to frequent
illness because of their increased risk of epilepsy, respiratory
complications and feeding difficulties, as well as complications
associated with increased technology dependence.

3 Low numbers and a lack of clinical information about CP have
limited the inferences that can be made from the findings of
current research looking at ED use in this complex group.

What this paper adds

1 Higher degrees of CP severity and complexity are associated
with increased frequency of presentations, as well as higher
rates of urgent presentations and subsequent hospital
admissions.

2 Disorders of the respiratory, neurological and gastrointestinal
systems, and medical device problems comprise almost three-
quarters of tertiary paediatric ED presentations in children and
young people with CP.

3 Although a high proportion of presentations are triaged as
urgent and require hospital admission, the tertiary paediatric ED
is also being used for less urgent reasons that do not require
hospital admission; many of these presentations may be better
managed elsewhere, either in non-paediatric EDs, primary care
settings or in the home.

Children with disabilities have higher rates of emergency
department (ED) use than the general childhood population.1

Specifically, children with disabilities and medical complexity
comprise a significant proportion of tertiary paediatric ED
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presentations, and are more likely than their typically develop-
ing peers to have frequent presentations that lead to hospital
admission and have longer ED stays.2–4 Frequent ED use is
associated with a number of disadvantages for the child and
their family, including the risk of unnecessary hospital admis-
sions, care from staff who are unfamiliar with their history,
exposure to pathogens, and the longer travel and waiting times
associated with attending the ED.5,6 As such, frequent presen-
tations to the ED by children with complex care needs are
thought to indicate a lack of care continuity while incurring
high direct and indirect costs.5,7

Cerebral palsy (CP), the most common cause of childhood
physical disability worldwide, is a permanent disorder of
movement and posture, caused by an injury or disturbance
to the developing brain.8 Although, by definition, CP is non-
progressive, affected children can experience progressive mus-
culoskeletal pathologies9 and are susceptible to frequent illness
because of their increased risk of epilepsy, respiratory compli-
cations and feeding difficulties, as well as complications associ-
ated with greater technology dependence.10 There have been no
studies to date specifically investigating ED use in large cohorts
of children with CP. A number of studies included some infor-
mation on children with CP identified from larger cohorts.7,11–13

However, each of these studies has limitations, including poten-
tial recall error because of reliance on parent report,11,12 and
inclusion of particular age- or income-based subgroups.7,13

Overall, low numbers and a lack of clinical information about
CP has limited the inferences that can be made from the
findings.

In light of gaps in the current knowledge, the primary aim
of this research was to describe the patterns of use of the two
tertiary paediatric EDs in the Australian state of Victoria by a
population cohort of individuals with CP, and to identify
associated clinical and demographic factors. Understanding
how this group of children and young people are currently
using tertiary paediatric ED services is an important first
step in optimising their emergency care and overall medical
management.

Methods

Study design, population and setting

This study is a retrospective analysis of ED data routinely col-
lected at the two tertiary paediatric hospitals in Victoria, the
Royal Children’s Hospital (RCH) and Monash Children’s Hospi-
tal (MCH), cross-matched with individuals on a state-wide reg-
ister, the Victorian Cerebral Palsy Register. RCH is a freestanding
tertiary paediatric hospital, and young people with chronic con-
ditions can receive treatment at the RCH ED until they are 18
years of age or have completed school. MCH ED is co-located
within a non-paediatric tertiary hospital ED and caters for chil-
dren from birth to 19 years of age. Both hospitals are located in
inner metropolitan Melbourne. Data were obtained on the ED
presentations that took place between 2008 and 2012 pertain-
ing to registered individuals born between 1993 and 2008. Chil-
dren born after 2008 were excluded, as CP diagnosis is not
confirmed by the register until around the time of each child’s
fifth birthday. The study was approved by the Human Research

Ethics Committees of the RCH and Monash Health. A waiver of
informed consent was granted.

Study procedures

Health Information Services personnel from both hospitals were
provided with a list of the hospital unit record numbers of all
members of the cohort, following which they extracted the
relevant ED data: arrival time and date; triage symptom; triage
category; discharge diagnosis; outcome of presentation; and
local government area (LGA) of residence. Variables taken from
the Victorian Cerebral Palsy Register included date of birth,
Gross Motor Function Classification System (GMFCS) level and
epilepsy status. Data were extracted from the triage symptom
and discharge diagnosis fields to categorise the main reason for
each presentation as neurological, gastrointestinal, respiratory,
orthopaedic, medical device problem, dermatological, other or
unknown. These categories were considered by the authors to
be clinically meaningful in the context of CP.

Definitions

The Australasian Triage Scale (ATS)

The ATS is a tool used in Australian EDs to describe the urgency
with which patients should be treated. Patients triaged as ATS 6
have died prior to arrival, patients triaged as ATS 1 are to be seen
immediately, and within 10, 30, 60 and 120 min, respectively,
for categories 2 to 5.14 In this study, presentations triaged as ATS
1–3 were categorised as urgent, while those triaged as ATS 4–5
were categorised as less urgent.

GMFCS

The GMFCS is a five-level classification system that describes
the gross motor function of individuals with CP: I/II = indepen-
dently ambulates; III = ambulates with walking aids; IV/V = not
independently ambulant.15

LGA

Victoria is divided into 79 LGAs, which categorise residential
areas as inner or outer metropolitan Melbourne, or regional
Victoria.

Season

Southern hemisphere seasons are summer (December to Feb-
ruary), autumn (March to May), winter (June to August) and
spring (September to November).

Statistical methods

Data were first analysed at the individual level and comparisons
were made between presenters (≥1 ED presentation) and
non-presenters (no ED presentation) across categories of age,
GMFCS level, area of residence and epilepsy status using χ2

analysis. Data were then analysed at the episode level. χ2 analy-
sis was performed to assess the magnitude and strength of
evidence for differences in triage category and departure dispo-
sition across various subgroups. All data analysis was carried out
using Stata version 13.1.16
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Results

At the time of data extraction in June 2013, there were 2183
individuals with CP who were registered with the Victorian
Cerebral Palsy Register and born between 1993 and 2008
(Table 1). There were fewer children in the 0–4 age group
because of the study design and the exclusion of children who
were born after 2008. Between 2008 and 2012, 37% (n = 814)
of individuals had presented to one or both of the EDs. Pre-
senters were more likely than non-presenters to be 5–9 years
of age, classified as GMFCS IV or V and have epilepsy.
Although the majority of presenters were residing in inner or
outer metropolitan Melbourne, 108 residents of regional Vic-
toria were among the presenters. (Table 1) Individuals from
this CP cohort had a combined total of 3631 tertiary paediatric
ED presentations (Table 3). The mean number of tertiary
paediatric ED presentations per person was 1.67 (standard
deviation = 4.3; median = 0; mode = 0; range 0–61). Com-
bined, 71% (n = 2574) of all presentations were triaged as
ATS 1–3 (urgent) and 44% (n = 1584) resulted in a hospital
admission.

Presenting complaints

Disorders of the respiratory, neurological and gastrointestinal
systems, and medical device problems accounted for 72% of
presentations (Table 3). The distribution of presenting com-
plaints differed across GMFCS levels (Table 4). Overall, 74% (n

= 685) of respiratory presentations involved individuals func-
tioning at GMFCS IV–V, and respiratory symptoms were the
most common presenting complaint (32%) among this group.
Neurological disorders, the most common of which were sei-
zures, were the most common presenting complaint in those
classified as GMFCS I–II, responsible for 27% of presentations in
this group.

Influence of CP severity and complexity

With increasing CP severity and complexity, as measured by the
GMFCS and a co-diagnosis of epilepsy, the number ED presen-
tations, as well as the proportion of presentations triaged as
urgent and the rate of subsequent hospital admission, increased
over the study period (Tables 2,3). Overall, those who were
functioning at GMFCS IV–V and/or had epilepsy comprised
75% (n = 2707) of all presentations. Of the subgroup of indi-
viduals that had more than 20 presentations to the two EDs over
the 5-year period (n = 21), all but one was classified as GMFCS
IV–V and/or had epilepsy.

Urgency of presentations and
departure disposition

Overall, 56% (n = 1430) of presentations triaged as urgent
resulted in a hospital admission. Of presentations triaged as
urgent, 53% of medical device problems, 59% of orthopaedic
problems and 74% of dermatological problems did not result in

Table 1 Description of cohort, and comparison between ED presenters and non-presenters

Total cohort ≥1 ED presentation 0 ED presentation P-value

n % n % n %

Total 2183 100.0 814 37.3 1369 62.7

Age years† <0.001

0–4 102 4.7 64 7.9 38 2.8

5–9 697 31.9 293 36.0 404 29.5

10–14 718 32.9 258 31.7 460 33.6

15–19 666 30.5 199 24.5 467 34.1

GMFCS level <0.001

I 750 34.4 197 24.2 553 40.4

II 567 26.0 175 21.5 392 28.6

III 223 10.2 80 9.8 143 10.5

IV 277 12.7 141 17.3 136 9.9

V 283 13.0 195 24.0 88 6.4

Unknown 83 3.8 26 3.2 57 4.2

Area of residence <0.001

Inner metropolitan Melbourne 668 30.8 332 40.2 336 24.5

Outer metropolitan Melbourne 852 39.0 356 43.7 496 36.2

Regional Victoria 558 25.6 108 13.3 450 32.9

Unknown 105 4.81 18 2.2 87 6.4

Epilepsy <0.001

No 1474 67.5 453 55.7 1021 74.6

Yes 625 28.6 345 42.4 280 20.5

Unknown 84 3.9 16 2.0 68 5.0

†Age at the end of the study period (31 December 2012). ED, emergency department; GMFCS, Gross Motor Function Classification System.
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hospital admission. On the other hand, 15% (n = 154) of pres-
entations triaged as less urgent (ATS 4–5) did result in a hospital
admission. These presentations were most likely to be related to
gastrointestinal and neurological complaints, of which the pro-
portion of less urgent presentations resulting in a hospital
admission was 26% and 19%, respectively. Of note, 50% of
presentations due to complications of intrathecal baclofen
pumps were triaged as less urgent, of which 80% resulted in a
hospital admission.

Area of residence

Combined, 29% (n = 568) of presentations involving residents
of outer metropolitan Melbourne or regional Victoria were
triaged as less urgent, and the proportion discharged home
following ED consultation was 52% (n = 1034). A total of 426
presentations involving residents of outer metropolitan Mel-
bourne and regional Victoria were triaged as less urgent and did
not require admission. Of these, the most common presenting
complaints were orthopaedic issues (18%), gastrostomy tube
complications (13%) and seizures (8%).

Discussion

This study provides new information on tertiary paediatric ED
use in children and young people with CP, and highlights
how increased CP severity and complexity is associated with

increased frequency of ED presentations, as well as higher rates
of urgent presentations and subsequent hospital admissions.
While these findings are not surprising, this information was
missing from previous studies, which lacked clinical information
on CP. This study offers a unique contribution to the knowledge
on tertiary paediatric ED use in children and young people with
CP, and has the potential to be used to improve the delivery of
emergency care to this group.

Despite the low proportion of less urgent presentations
overall (<30%), there were some differences between presen-
tation types. For example, presentations categorised as ortho-
paedic or dermatological, and device complications were
relatively more likely to be triaged as less urgent and to result in
patients being discharged home following an ED consultation.
While the tertiary paediatric ED may be the appropriate setting
for children with certain complaints, for example problems with
intrathecal baclofen pumps, it is likely that some presentations
that were triaged as less urgent and did not require hospital
admission may have been well managed elsewhere. Current
systems of service delivery may not easily facilitate this, but the
question here is whether a more appropriate pathway for man-
aging problems experienced frequently by children and young
people with CP could be developed, particularly for those fami-
lies who live in regional areas. This is important, given that over
55% of tertiary paediatric ED presentations among this CP
cohort involved residents of outer metropolitan Melbourne or
regional Victoria.

Table 2 Attendance frequency by age, GMFCS level, epilepsy and area of residence

Number of presentations 0 1–5 6–10 11–20 >20 P-value

n % n % n % n % n %

Entire cohort 1369 62.7 626 28.7 109 5.0 58 2.7 21 1.0

Presenters 626 76.9 109 13.4 58 7.1 21 2.6

Age years† <0.001

0–4 38 37.3 41 40.2 10 9.8 10 9.8 3 2.9

5–9 404 58.0 218 31.3 37 5.3 28 4.0 10 1.4

10–14 460 64.1 208 29.0 33 4.6 12 1.7 5 0.7

15–19 467 70.1 159 23.9 29 4.4 8 1.2 3 0.5

GMFCS level <0.001

I 553 73.7 169 22.5 20 2.7 7 0.9 1 0.1

II 392 69.1 155 27.3 14 2.5 6 1.1 0 0

III 143 64.1 70 31.4 6 2.7 3 1.4 1 0.5

IV 136 49.1 109 39.4 19 6.9 9 3.2 4 1.4

V 88 31.1 104 36.8 48 17.0 29 10.3 14 5.0

Unknown 57 68.7 19 22.9 2 2.4 4 4.8 1 1.2

Area of residence <0.001

Inner metropolitan Melbourne 336 50.3 243 36.4 52 7.8 30 4.5 7 1.1

Outer metropolitan Melbourne 496 58.2 276 32.4 45 5.3 23 2.7 12 1.4

Regional Victoria 450 80.7 91 16.3 11 2.0 4 0.7 2 0.4

Unknown 87 82.9 16 15.2 1 0.9 1 0.9 0 0

Epilepsy <0.001

No 1021 69.3 388 26.3 41 2.8 19 1.3 5 0.3

Yes 280 44.8 224 35.8 67 10.7 38 6.1 16 2.6

Unknown 68 81.0 14 16.7 1 1.2 1 1.2 0 0

†Age at the end of the study period (31 December 2012). GMFCS, Gross Motor Function Classification System.
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Table 3 Description of presentations

All presentations Presentations triaged as urgent

(ATS 1–3)

Presentations resulting in

hospital admission

n % n % P-value n % P-value

All presentations 3631 100 2574 70.8 1584 43.6

Age at presentation 0.285 0.085

0–4 1365 37.6 975 71.4 577 42.3

5–9 1067 29.4 769 72.1 450 42.2

10–14 916 25.2 626 68.3 415 45.0

15–19 283 7.8 204 72.1 145 51.2

GMFCS level <0.001 <0.001

I 580 16.0 327 56.4 178 30.7

II 506 13.9 275 54.4 168 33.2

III 282 7.7 186 66.0 83 29.4

IV 621 17.1 470 75.7 291 46.9

V 1498 41.3 1206 80.5 796 53.1

Unknown 144 4.0 110 76.4 68 47.2

Area of residence 0.177 0.002

Inner metropolitan Melbourne 1566 43.1 1089 69.5 642 41.0

Outer metropolitan Melbourne 1626 44.8 1150 70.7 709 43.6

Regional Victoria 378 10.4 284 75.1 208 55.0

Unknown 61 1.7 51 83.6 25 41.0

Epilepsy <0.001 <0.001

No 1477 40.7 872 59.0 549 37.2

Yes 2099 57.8 1658 79.0 1005 47.9

Unknown 55 1.5 44 80.0 30 54.6

Time of presentation <0.001 <0.001

08:00–16:59 2110 58.1 1432 67.9 890 42.2

17:00–07:59 1521 41.9 1142 75.1 694 45.6

Day of presentation 0.350 <0.001

Weekday 2693 74.2 1924 71.4 1186 44.0

Weekend 938 25.8 650 69.3 398 42.4

Season 0.612 0.029

Summer 789 21.7 544 69.0 351 44.5

Autumn 892 24.6 642 72.0 391 43.8

Winter 1017 28.0 728 71.6 433 42.6

Spring 933 25.7 660 70.7 409 43.8

Presentation type <0.001 <0.001

Respiratory 926 25.5 788 85.1 530 57.2

Neurological 801 22.1 679 84.8 379 47.3

Seizures 655 18.0 572 87.3 318 48.6

Other neurological 146 4.0 107 73.3 61 41.8

Gastrointestinal 546 15.0 404 74.0 293 53.7

Device complication 341 9.4 217 63.6 112 32.9

Gastrostomy tube 234 6.4 117 50.0 18 7.7

Ventricular shunt 81 2.2 80 98.8 74 91.4

ITB pump 10 0.3 5 50.0 8 80.0

Tracheostomy 9 0.3 9 100.0 8 88.9

Unknown device 7 0.2 6 85.7 4 57.1

Orthopaedic 251 6.9 98 39.0 58 23.1

Dermatological 173 4.8 54 31.2 26 15.0

Other 533 14.7 299 56.1 166 31.1

Unknown 60 1.7 35 58.3 20 33.3

ATS, Australasian Triage Scale; GMFCS, Gross Motor Function Classification Scale; ITB, intrathecal baclofen.
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When considering alternative ways of delivering acute care to
children with medical complexity, it is important to first con-
sider parents’ reasons for choosing the paediatric ED over other
services. Dissatisfaction with the quality and accessibility of
primary care, and a greater level of trust in paediatric hospitals,
are frequently reported by parents as the main reasons for
presenting to the paediatric ED unnecessarily. Efficiency and
speed of care are also important to parents.17,18 It has been
suggested that educating parents on the importance of care
continuity, and reinforcing the benefits of establishing a strong
relationship with one care provider, should be a priority in any
strategy to reduce unnecessary ED use in this group.19 In the
United States of America, the concept of the medical home for
children with special health-care needs has been widely imple-
mented and has been effective in reducing ED use in certain
groups of children with complex needs.6,20 Such an approach
involves the child having a ‘usual source of care’ and an ongoing
relationship with a physician who can provide primary care.
This physician is responsible for providing all of the patient’s
health-care needs, including preventive and acute care, and
arranges and co-ordinates care with other qualified profession-
als as appropriate.21

Building on the medical home model, Cohen et al. suggest
that the ideal model of complex care delivery is one based on a
strong partnership between tertiary paediatric hospitals and
community-based care providers. Under such a model, less
acute care is delivered in tertiary settings, and firm links
between community-based care providers and tertiary-based
paediatric specialists play an important role in ensuring that care
delivered in the community is of high quality.22 In Australia,
such a model may be the most appropriate. However, depending
on where a child resides, the type of physician managing their

primary care, and their access to other medical and allied health
professionals may vary. For example, for some children with CP,
a community-based paediatrician may provide the bulk of their
primary care, whereas for others, this role is played by a general
practitioner (GP). Regardless, for children with a complex con-
dition such as CP, it is important that strong links are formed
between their tertiary care providers, their GP, and where
appropriate, their community-based paediatrician, to ensure
care continuity. Engaging the child’s GP throughout and edu-
cating them on their patient’s medical condition is necessary if
an individual’s needs are to be met throughout the life course,
including when they transition from paediatric care.

The development of evidence-based standardised clinical
practice guidelines and decision trees for common problems
experienced by individuals with CP may assist both parents and
health-care professionals in determining which complications
require care at the tertiary paediatric ED, and which could be
dealt with locally, either at a non-paediatric ED or in a hospital
outpatient setting, or in a primary or secondary care setting. To
assist health-care professionals, and ensure these children
receive appropriate care regardless of where they present, the
introduction of ‘electronic health passports’ for children with
complex conditions should be considered so that important
clinical information is available when it is needed. This may also
encourage parents to present to hospitals that are closer to
home, rather than bypassing local services.

This study included data from two tertiary paediatric hospitals
and is therefore representative of tertiary paediatric ED use only.
We expect the patterns of use of non-paediatric hospital EDs to
be different; this should be taken into consideration when inter-
preting our findings. The lack of information on referral patterns
and arrival mode is another limitation. By using administrative
data only, the actual reasons for the ED presentations and
whether or not parents’ past experiences, social factors or parent
characteristics played a role in their decision to present to the
ED are unknown. Data on referral source in particular would
allow further investigation into any inappropriate use of the ED
and the bypassing of services closer to home. Further research
into why parents of children with CP make decisions around
care providers for their child may provide an insight into
parents’ needs and preferences, and could inform future plans
for acute care delivery to this group.

Conclusion

Almost two-thirds of individuals did not present to a tertiary
paediatric ED over the study period; however, one-third
accounted for an average of around 700 presentations per year.
While many presentations were appropriate based on the pro-
portions admitted and triaged as urgent, some patients travelled
long distances to attend the paediatric ED, even for less urgent
complaints that may have been managed closer to home. As
such, it is important that ED staff are educated on the medical
problems experienced frequently by this group, while concur-
rently, GPs and other community-based health professionals are
supported in their role of managing those medical problems that
may be better suited to being managed outside of the tertiary
paediatric ED.

Table 4 Presenting complaints by GMFCS level

GMFCS I–II GMFCS III GMFCS IV–V

n % n % n %

Respiratory 178 17.0 22 7.8 685 32.3

Neurological 291 26.8 84 29.8 388 18.3

Seizures 221 20.4 38 13.5 367 17.3

Other neurological 70 6.4 46 16.3 21 1.0

Gastrointestinal 147 13.5 37 13.1 347 16.4

Device complication 60 5.5 27 9.6 239 11.3

Gastrostomy tube 11 1.0 8 2.8 205 9.7

Ventricular shunt 45 4.1 15 5.3 16 0.8

ITB pump 0 1 0.4 9 0.4

Tracheostomy 0 1 0.4 8 0.3

Unknown device 4 0.4 2 0.7 1 0.05

Orthopaedic 128 11.8 36 12.8 83 3.9

Dermatological 84 7.7 28 9.9 55 2.6

Other 185 17.0 46 16.3 280 13.2

Unknown 13 1.2 2 0.7 42 2.0

Total 1086 100.0 282 100.0 2119 100.0

χ2 P-value <0.001. GMFCS, Gross Motor Function Classification Scale; ITB,

intrathecal baclofen.
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4.5 Additional data tables 

  2008  2009  2010  2011  2012 

  n (%)  n (%)  n (%)  n (%)  n (%) 

Total  602  689  589  534  544 

GMFCS I  101 (20.5)  106 (21.5)  86 (17.4)  91 (18.4)  110 (22.3) 

GMFCS II  91 (22.9)  99 (24.9)  71 (17.8)  68 (17.1)  69 (17.3) 

GMFCS III  47 (24.6)  43 (22.5)  39 (20.4)  40 (20.9)  22 (11.5) 

GMFCS IV  104 (19.5)  133 (25.0)  106 (19.9)  101 (19.0)  89 (16.7) 

GMFCS V  255 (20.5)  272 (21.9)  269 (21.6)  215 (17.3)  234 (18.8) 

Missing  4 (4.1)  36 (37.1)  18 (18.6)  19 (19.6)  20 (20.6) 

Table 4.1 Number of tertiary paediatric emergency department presentations per year, by GMFCS level 

[GMFCS, Gross Motor Function Classification System] 

 

 

  0-4 years  5-9 years  10-14 years  15-19 years 

  n (%)  n (%)  n (%)  n (%) 

Total  1365  1067  916  283 

Respiratory  378 (27.7)  289 (27.1)  196 (21.4)  63 (22.3) 

Neurological  330 (24.2)  247 (23.2)  181 (19.8)  43 (15.2) 

Gastrointestinal  219 (16.0)  152 (14.3)  136 (14.9)  39 (13.8) 

Device complication  132 (9.7)  83 (7.8)  93 (10.2)  33 (11.7) 

Orthopaedic  43 (3.2)  75 (7.0)  97 (10.6)  36 (12.7) 

Dermatological  46 (3.4)  60 (5.6)  58 (6.3)  9 (3.2) 

Other  191 (14.0)  148 (13.9)  140 (15.3)  54 (19.1) 

Unknown  26 (1.9)  13 (1.2)  15 (1.6)  6 (2.1) 

Table 4.2 Tertiary paediatric emergency department presentations – presenting complaints by age group  

[Chi2 p-value <0.001]  
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Presenting complaint n (%) 

Cardiovascular 24  (0.8) 
Cardiac complaint 13  (0.4) 
Chest pain 8  (0.3) 
Syncope/collapse 3  (0.1) 

Eye, ear and nose complaints (excl. congestion) 63  (2.1) 
All ear complaints 32  (1.1) 
All eye complaints 24  (0.8) 
Epistaxis 7  (0.2) 

Gastrointestinal 454  (15.3) 
Abdominal pain 58  (2.0) 
Constipation 44  (1.5) 
Vomiting/diarrhoea 275  (9.3) 
Gastrointestinal (other) 77  (2.6) 

Genitourinary 61  (2.1) 
Symptoms of the kidneys and/or urinary tract 56  (1.9) 
Male genitourinary 2  (0.1) 
Female genitourinary 3  (0.1) 

Medical device problems 301  (10.2) 
Gastrostomy tube 205  (6.9) 
Ventricular shunt 75  (2.5) 
Intrathecal baclofen pump 12  (0.4) 
Tracheostomy 9  (0.3) 

Neurological 656  (22.2) 
Headache/migraine 59  (2.0) 
Intracranial injury 24  (0.8) 
Minor head injury 20  (0.7) 
Seizure-febrile 62  (2.1) 
Seizure – other 452  (15.3) 
Neurological (other) 39  (1.3) 

Orthopaedic 220 (7.4) 
Musculoskeletal injury or pain 188  (6.4) 
Orthopaedic (other) 32  (1.1) 

Respiratory 745 (25.2) 
Asthma/wheezing 72  (2.4) 
Cough incl. croup  86  (2.9) 
Congestion/Upper Respiratory Tract complaints 119  (4.0) 
Lower Respiratory Tract complaints 349  (11.8) 
Respiratory (other) 119 (4.0) 

Dermatological 132  (4.5) 
Bed sores 4  (0.1) 
Bite/sting 2  (0.1) 
Burn 5  (0.2) 
Cellulitis 24  (0.8) 
Laceration/abrasion 41  (1.4) 
Lump/bump 6  (0.1) 
Rash 50  (1.7) 

Trauma 3  (0.1) 

General and minor 301 (10.2) 
Complications of diabetes 6  (0.2) 
Conditions specific to infancy and childhood 19  (0.6) 
Dental and gum complaints 22  (0.7) 
Fever 91  (3.1) 
Foreign body  8  (0.3) 
Issue of repeat prescription 2  (0.1) 
Lethargy 10  (0.3) 
Mental health issue 4  (0.1) 
Non-specific symptoms 47  (1.6) 
Other 10  (0.3) 
Pallor/anaemia 6  (0.2) 
Planned follow-up 26  (0.9) 
Post-operative complications 42  (1.4) 
Viral infection NOS  8  (0.3) 

Missing 1  (0.03) 

Table 4.3 Tertiary paediatric emergency department presentations – specific presenting complaints   
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4.6 Summary of chapter 4 

 

 

 

 

 

 

Figure 4.1 Summary of chapter 4 

 

Of 2,183 children with cerebral 

palsy, 814 (37%) had at least 

one ED presentation at one of 

Victoria’s two tertiary paediatric 

hospitals over a five year 

period. 
These 814 children with 

cerebral palsy accounted for 

3,631 ED presentations to the 

two hospitals, an average of 

over 700 presentations per 

year. 

Among the cerebral palsy 

cohort, ED presenters were 

more likely than non-presenters 

to be non-ambulant, of younger 

age, and to have epilepsy. 

 

71% of ED presentations in this 

group were triaged as being of 

higher urgency, and 44% 

resulted in a hospital admission. 

 

Almost one-third of ED 

presentations involving a child 

residing in outer Melbourne or 

regional Victoria were classified 

as being of lower urgency. Respiratory, neurological and 

gastrointestinal illnesses, and 

medical device problems 

accounted for 72% of tertiary 

paediatric ED presentations in 

this group.  
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5.1 Background to chapter 

Across the world, increasing numbers of ED presentations are resulting in overcrowding and 

associated treatment delays, as well as impaired access for those in genuine need of emergency 

care.329 In Victoria, the group with the greatest number of ED presentations each year is 

children aged 0-4 years.328 It has been suggested that many ED presentations among children 

may be appropriately managed in primary care settings, and much discussion currently 

surrounds how parents could be encouraged to use primary care services when appropriate, 

instead of presenting to the ED.330,331 

Studying the patterns of ED use among children can provide insight into the appropriateness 

of emergency service use as well as the accessibility of primary care in a region, thus having 

implications for public policy and clinical practice.277 However, among children with cerebral 

palsy, the nature of the physical disability, the presence of comorbidities and medical device 

dependency can introduce a requirement for emergency care for illnesses or other acute 

events which, for other children may be managed appropriately in primary care. 

Consequently, research on ED use among general populations of children may not be 

generalisable to children with cerebral palsy, and as a result, any recommendations for 

improving the appropriateness of ED use among children arising from such research may not 

be applicable to this population. 

In chapter 4, it was outlined how Victorian children and young people with cerebral palsy are 

using the state’s two tertiary paediatric hospital EDs.332 These data give a good insight into the 

reasons for ED presentations among children with cerebral palsy and the general patterns of 

ED use in this group. However, it is likely that the patterns of use of tertiary paediatric 

hospital EDs differ from the patterns of use of other hospital types. In addition, the study 

outlined in chapter 4 did not include a comparison group, which meant that it was not 

possible to accurately compare ED presentation characteristics among children with cerebral 

palsy to those of other children from the same geographical area. 

A better understanding of the characteristics of ED presentations among children with 

cerebral palsy and how these differ from those of other children from the same population 

would assist with the development of targeted strategies to reduce unnecessary ED use 

specifically in this patient group. Therefore, the aims of this study were to investigate ED 

presentation frequency among a population cerebral palsy cohort, to estimate the proportion 

of all ED presentations within a certain age range attributable to children with cerebral palsy 
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and to compare ED presentation characteristics among children with cerebral palsy to those 

without the condition, taking into account cerebral palsy severity. 

5.2 Specific research questions 

1. Between 2007 and 2014, how often did children with cerebral palsy present to hospital 

EDs around the state of Victoria over the study period?  

2. Among children with cerebral palsy, what clinical factors affected the risk of requiring 

ED care? 

3. Over the study period, what were the main reasons for ED presentations throughout 

the state among children with cerebral palsy? 

4. Did the main reasons for ED presentations differ significantly between the cerebral 

palsy cohort and the general childhood population?  

5. How did ED presentations characteristics among the cerebral palsy cohort differ from 

those of the general childhood population? 

5.3 Methodology 

The VCPR was linked to the VEMD using the linkage approach outlined in Chapter 3. In 

summary, the cerebral palsy cohort comprised individuals born between 1st July 1995 and 30th 

June 2009 (aged 5-18 years at the end of the study period on 30th June 2014) who were 

registered on the VCPR at the time of data extraction. Children who had died prior to the start 

of the study period were not included. Clinical data extracted on each case included GMFCS 

level,61 epilepsy status, and whether they had a gastrostomy tube or intrathecal baclofen pump 

in place. VEMD data were obtained on all their ED presentations that took place between the 

financial years 2007-08 and 2013-14 (1st July, 2007 – 30th June, 14). 

Each ED presentation was triaged using the Australian Triage Scale (ATS), a five-level 

classification system describing the urgency with which a patient should be treated.333 For this 

study, presentations triaged as 1, 2 or 3 according to the ATS were categorised as higher 

urgency presentations, and category 4 and 5 presentations as lower urgency. Other VEMD 

data variables obtained included referral source, arrival mode, departure disposition, and 

principal diagnosis. The principal diagnosis was classified according to the 10th revision of the 

International Statistical Classification of Diseases and Related Health Problems (ICD 10).334 

To allow comparisons to be made between the characteristics of ED presentations among 

children with cerebral palsy and those of the general childhood population, data were also 
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obtained on all ED presentations during the study period that involved patients who were 

aged 0-19 years upon presenting to the ED.  

5.4 Statistical analysis 

For the cerebral palsy cohort, relative risks (risk ratios) and 95% confidence intervals were 

calculated to compare the risk of having at least one ED presentation over the study period 

across dichotomised groups of GMFCS, epilepsy, gastrostomy tube, and intrathecal baclofen 

pump use. After adjusting the denominator to take into account children who were not yet 

born (some members of the cohort were born between 2007 and 2009) and children who died 

over the seven-year study period, the number of annual ED presentations per 1,000 children 

was calculated, and comparisons were made across the five GMFCS levels. 

ED presentations were categorised according to triage category, referral source, arrival mode, 

departure status and principal diagnosis category, and comparisons were made between the 

general population presentations and cerebral palsy presentations, as well as across sub-

groups of GMFCS level (I-II = mild motor impairment/independently ambulant; III = 

moderate motor impairment/ambulates with aids; and IV-V = severe motor impairment/non-

ambulant). Chi-squared analysis was used to test for differences between groups; p-values are 

provided. All analysis was carried out using Stata, version 14.1.324 

5.5 Results 

Overview of findings 

The cerebral palsy cohort comprised 1,748 individuals, of whom 1,091 (62%) were classified as 

having a mild motor impairment, that is functioning at GMFCS levels I or II (36% and 26% 

respectively), 172 (10%) were functioning at GMFCS level III, and 445 (25%) had a severe gross 

motor impairment, functioning at GMFCS levels IV or V (12% and 13% respectively). Overall, 

493 (28%) had a co-diagnosis of epilepsy, 221 (13%) had a gastrostomy feeding tube in place, 

and 30 (2%) had an intrathecal baclofen pump inserted.  

It was found that 64% (n=1,116) of the cerebral palsy cohort could be successfully matched 

with the VEMD, that is, 64% were known to have had an ED presentations during their 

lifetime. A total of 956 (55%) had at least one ED presentation at a Victorian public hospital 

during the seven-year study period. They accounted for a total of 7,042 presentations during 

this time. Almost 2.2 million ED presentations involving other children aged up to 19 years 

occurred over the same time period; these were used as the comparison group. 
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Among the cerebral palsy cohort, the risk of having at least one ED presentation over the 

study period was greater among children functioning at GMFCS levels IV-V (compared to 

those functioning at GMFCS levels I-III). It was also higher among those with epilepsy, 

gastrostomy tubes, and intrathecal baclofen pumps compared to those without. Specifically, 

children functioning at GMFCS level IV or V had 1.57 times the risk (95% CI = 1.45 – 1.69) of 

having an ED presentation compared to those classified as functioning at GMFCS levels I-III. 

Children with epilepsy had 1.50 times the risk (95% CI = 1.39 – 1.63) of having an ED 

presentation compared to those without epilepsy. Among those with gastrostomy tubes, the 

risk of having an ED presentation was 1.62 times (95% CI = 1.50 – 1.75) that of children 

without gastrostomy tubes, and among those with intrathecal baclofen pumps, it was 1.53 

times (95% CI = 1.30 – 1.81) that of those without pumps in place. (Table 5.1)  
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  CP cohort  ≥1 ED presentation 
over the study 

period 

Entire cohort  1,748 (100.0)  956 (54.7) 

GMFCS level       

I-III  1,263 (72.3)  605 (47.9) 

IV-V  445 (25.5)  334 (75.1) 

Unknown  40 (2.3)    

Relative Risk (95% CI)      1.57 (1.45 – 1.69) 

Epilepsy       

No  1,190 (68.1)  576 (48.4) 

Yes  493 (28.2)  359 (72.8) 

Unknown  65 (3.7)   

Relative Risk (95% CI)     1.50 (1.39 – 1.63) 

Gastrostomy tube       

No  1,522 (87.1)  773 (50.8) 

Yes  221 (12.6)  182 (82.4) 

Unknown  5 (0.3)   

Relative Risk (95% CI)     1.62 (1.50 – 1.75) 

ITB pump       

No  1,712 (97.9)  930 (54.3) 

Yes  30 (1.7)  25 (83.3) 

Unknown   6 (0.3)   

Relative Risk (95% CI)     1.53 (1.30 – 1.81) 

Table 5.1 Characteristics of the cerebral palsy cohort and proportions 
to have had at least one emergency department presentation over the 
study period 

[CP, cerebral palsy; ED, emergency department; GMFCS, gross motor 
function classification system; CI, confidence interval; ITB, intrathecal 
baclofen.]   
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Frequency of emergency department presentations in the cerebral palsy cohort 

The number of ED presentations annually per 1,000 children with cerebral palsy rose steadily 

with increasing GMFCS level. Among children functioning at GMFCS level V, the annual 

number of ED presentations over the seven-year study period ranged from 1,259 – 2,186 per 

1,000 children per year. This compares with a range of 215 – 391 annual ED presentations per 

1,000 children functioning at GMFCS level I. (Figure 5.1)  

 

 

Figure 5.1 Annual number of ED presentation per 1000 children with cerebral palsy, by GMFCS level 

[ED, emergency department; CP, cerebral palsy; GMFCS, Gross Motor Function Classification System] 

 

Emergency department presentation characteristics – a comparison between groups 

The majority of all ED presentations were self- or family-initiated. Diseases of the respiratory 

system were the most common presenting complaints among children with cerebral palsy, 

accounting for almost 21% of all ED presentations among this group, compared to 16% of the 

general childhood presentations. Children functioning at GMFCS levels IV and V had the 

highest proportion of ED presentations due to respiratory illnesses (26%). Injuries and 

poisonings were the most common presenting complaints among the general population of 

children presenting to the ED. (Table 5.2) 
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Compared to presentations among the general childhood population, ED presentations among 

the cerebral palsy cohort were more likely to have been preceded by an ambulance arrival 

(27% vs 8%; p<0.001), triaged as being of higher urgency (66% vs 34%; p<0.001) and to have 

resulted in a hospital admission (38% vs 13%; p<0.001). (Table 5.2) The higher proportion of 

presentations preceded by an ambulance arrival and resulting in a hospital admission among 

the children with cerebral palsy existed for both lower and higher urgency ED presentations. 

(Table 5.3) 

Of the three GMFCS sub-categories (I-II, III and IV-V), presentations among children 

functioning at levels IV-V differed most from the general population presentations across the 

categories of arrival mode, triage category, and departure status. However, even those children 

with cerebral palsy who were classified as having a mild gross motor impairment (GMFCS I-II) 

had comparatively higher proportions of ED presentations that were preceded by an 

ambulance arrival (20% vs 8%; p<0.001); triaged as urgent (55% vs 34%; p<0.001), and 

required a hospital admission  (28% vs 13%; p<0.001). (Table 5.2) 
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 General population 
presentations 
(n=2,195,041) 

All  CP 
presentations 

(n=7,042) 

 

p a 

 GMFCS I-II 
presentations 

(n=2,576) 

GMFCS III 
presentations 

(n=549) 

GMFCS IV-V 
presentations 

(n=3,801) 

 

p b 

Referral source     <0.001        0.001 

Self/family 1,986,058 (90.5) 6,472 (91.9)   2,335 (90.9) 515 (93.8) 3,521 (92.7)  

Health professional 177,395 (8.1) 394 (5.6)   182 (7.1) 25 (4.6) 181 (4.8)  

Other 31,106 (1.4) 168 (2.4)   53 (2.1) 9 (1.6) 97 (2.5)  

Unknown 482 (0.02) 8 (0.1)          

Arrival mode     <0.001        <0.001 

Ambulance 166,986 (7.6) 1,908 (27.1)   525 (20.4) 111 (20.2) 1,249 (32.9)  

Walk-in & other * 2,028,055 (92.4) 5,134 (72.9)   2,051 (79.6) 438 (79.8) 2,552 (67.1)  

Triage category     <0.001        <0.001 

1 – 3 (highest urgency) 747,596 (34.1) 4,641 (65.9)   1,416 (55.0) 319 (58.1) 2,839 (74.7)  

4 – 5 (lowest urgency) 1,447,106 (65.9) 2,394 (34.0)   1,160 (45.0) 230 (41.9) 955 (25.1)  

Dead on arrival 339 (0.02) 7 (0.1)   0  0  7 (0.2)  

Primary diagnosis category (ICD 10 codes)    <0.001        <0.001 

Respiratory (J00 – J99) 351,760 (16.0) 1,448 (20.6)   367 (14.3) 68 (12.4) 998 (26.3)  

Injury or poisoning (S00 – T98) 663,940 (30.3) 1,263 (17.9)   579 (22.5) 147 (26.8) 518 (13.6)  

Neurological (G00 – G99) 14,949 (0.7) 480 (6.8)   165 (6.4) 27 (4.9) 283 (7.5)  

Digestive (K00 – K93) 87,692 (4.0) 289 (4.1)   92 (3.6) 23 (4.2) 167 (4.4)  

Symptoms, signs and 
abnormal clinical and 
laboratory findings NEC (R00 – 
R99) 

270,817 (12.3) 1,808 (25.7)   628 (24.4) 125 (22.8) 1,014 (26.7)  

Other # 620,367 (28.3) 1,474 (20.9)   591 (22.9) 127 (23.1) 731 (19.2)  

Unknown 185,516 (8.5) 280 (4.0)   154 (6.0) 32 (5.8) 90 (2.4)  

Departure status     <0.001        <0.001 

Home 1,679,878 (76.5) 3,894 (55.3)   1,627 (63.2) 344 (62.6) 1,844 (48.5)  

Admitted 284,304 (13.0) 2,684 (38.1)   726 (28.2) 152 (27.7) 1,776 (46.7)  

Transferred  26,890 (1.2) 148 (2.1)   53 (2.1) 20 (3.6) 73 (1.9)  

Failed to wait 203,822 (9.3) 315 (4.5)   170 (6.6) 33 (6.0) 108 (2.8)  

Unknown 147 (0.01) 1 (0.01)          

Table 5.2 Characteristics of emergency department presentations 2007/08 – 2013/14 – a comparison between cerebral palsy and 
general childhood presentations 

[ED, emergency department; CP, cerebral palsy; GMFCS, gross motor function classification system; NEC, not elsewhere classified] 

a p-value from chi square test for equality of percentages between general population and cerebral palsy presentations; b p-value from chi square 
test for equality of percentages across the three sub-groups of GMFCS; missing values excluded from analysis 

* includes arrival by foot, private vehicle or community service. # Includes infectious and parasitic diseases (A00-B99); neoplasms (C00-D48); 
diseases of the blood (D50-89); endocrine, nutritional and metabolic diseases (E00-E90); mental and behavioural disorders (F00-F99); diseases of 
the eye (H00 – H59), ear (H60-H95); circulatory system (I00-I99), skin (L00-L99), genitourinary system (N00-N99); and O00-O99, P00 – P96, Q00 – 
Q99, V01- Y98, Z00 – Z99.  

The number of All CP presentations does not equal the sum of GMFCS I-II, III and IV-V presentations due to some missing values for GMFCS level.  
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 Higher urgency presentations (ATS 1-3)  

n = 752,237 

 Lower urgency presentations (ATS 4-5) 

n = 1,449,500 

 General population 
presentations 

(n = 747,596) 

 cerebral palsy 
presentations 

(n = 4,641) 

 General population 
presentations 

(n = 1,447,106) 

 cerebral palsy 
presentations 

(n = 2,394) 

Referral source            

Self/family 665,213 (89.0)  4,263 (92.0)  1,320,635 (91.3)  2,205 (92.2) 

Health professional 68,712 (9.2)  250 (5.4)  108,675 (7.5)  144 (6.0) 

Other 13,525 (1.8)  122 (2.6)  17,462 (1.2)  43 (1.8) 

Unknown 146 (0.02)  6 (0.1)  334 (0.02)  2 (0.1) 

Arrival mode            

Ambulance 118,708 (15.9)  1,707 (36.8)  48,122 (3.3)  198 (8.3) 

Walk-in & other * 628,888 (84.1)  2,934 (63.2)  1,398,984 (96.7)  2,196 (91.7) 

Primary diagnostic category (ICD 10 
codes) 

         

Respiratory (J00 – J99) 193,709 (26.5)  1,212 (26.4)  158,051 (12.4)  236 (11.0) 

Injury or poisoning (S00 – T98) 175,033 (24.0)  566 (12.3)  488,907 (38.2)  697 (32.3) 

Neurological (G00 – G99) 9,380 (1.3)  414 (9.0)  5,569 (0.4)  66 (3.1) 

Digestive (K00 – K93) 35,717 (4.9)  177 (3.9)  51,975 (4.1)  112 (5.2) 

Symptoms, signs and abnormal 
clinical and laboratory findings NEC 
(R00 – R99) 

126,396 (17.3)  1,424 (31.0)  144,082 (11.3)  377 (17.5) 

Other # 190,391 (26.1)  807 (17.5)  429,976 (33.6)  667 (31.0) 

Unknown 16,970 (2.3)  41 (0.9)  168,546 (11.7)  239 (10.0) 

Departure status            

Home 497,568 (66.6)  2,074 (44.7)  1,182,310 (81.7)  1,820 (76.0) 

Admitted 208,579 (27.9)  2,389 (51.5)  75,725 (5.2)  295 (12.3) 

Transferred  19,727 (2.6)  127 (2.7)  7,163 (0.5)  21 (0.9) 

Failed to wait 21,615 (2.9)  50 (1.1)  181,868 (12.6)  258 (10.8) 

Unknown 107 (0.01)  1 (0.02)  40 (0.01)  0  

Table 5.3 Characteristics of emergency department presentations by triage category  

[ED, emergency department; CP, cerebral palsy; ATS, Australasian Triage Scale; NEC, not elsewhere classified] 

* includes arrival by foot, private vehicle or community service; # Includes infectious and parasitic diseases 
(A00-B99); neoplasms (C00-D48); diseases of the blood (D50-89); endocrine, nutritional and metabolic 
diseases (E00-E90); mental and behavioural disorders (F00-F99); diseases of the eye (H00 – H59), ear (H60-
H95); circulatory system (I00-I99), skin (L00-L99), genitourinary system (N00-N99); and O00-O99, P00 – P96, 
Q00 – Q99, V01- Y98, Z00 – Z99.   
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5.6 Discussion 

Although children with cerebral palsy accounted for a relatively small proportion of all 

childhood ED presentations included in this study, there was a marked difference in the use of 

healthcare resources between children with cerebral palsy presenting to the ED and other 

children without cerebral palsy. Specifically, children with cerebral palsy were more likely 

than other children in the ED to have arrived by ambulance, have their presentation triaged as 

urgent, and to require a hospital admission. For each of these factors, the group that differed 

most from the general childhood population were those children classified as functioning at 

GMFCS levels IV or V. Within the cerebral palsy cohort, it was this group of children with 

severe gross motor impairment that, per 1,000 children, had more ED presentations annually.  

Arrival mode, triage and departure disposition data from the current study would suggest that 

a higher proportion of cerebral palsy ED presentations are “appropriate” compared to those of 

other children. Although, it is unclear from these data whether the relatively higher 

proportions arriving by ambulance, being triaged as urgent and proceeding to admission 

reflect the severity of the underlying disability or other non-medical needs (e.g. more frequent 

carer crises) among the cerebral palsy cohort, rather than the presenting complaints.  

A pattern of increased use of ambulance services has also been reported for elderly people 

(compared to younger people),327 and the reasons for this are multifactorial. Most likely, in the 

case of children with complex disabilities, a perception of greater severity of the child’s 

problem due to the presence of comorbidities and non-ambulant and/or non-verbal status, 

plays a role. Practical issues, including difficulties with transporting an acutely unwell child 

with a severe physical disability, may also be implicated. 

A perception of greater severity due the child’s underlying disability may also influence triage 

category allocation upon presentation to the ED and decision making around whether a child 

requires a hospital admission. In the current study, the increased use of ambulance services 

and the higher proportion requiring admission among children with cerebral palsy compared 

to other children presenting to the ED existed for both higher and lower urgency 

presentations. This suggests that traditional triage scales may have lower accuracy and 

reliability when used for children with complex disabilities. Alternatively, it may be the case 

that factors other than medical urgency frequently influence the need for hospital admissions 

from the ED among children with cerebral palsy. Such factors may include non-urgent issues 

with medical devices, children presenting due to carer crises, and practical issues, including 
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difficulties transporting a child with a severe physical disability home should an appropriate 

mode of transport not be available. 

Regardless, it seems that children with cerebral palsy, particularly those functioning at GMFCS 

levels IV and V, are significant users of emergency medical services, including ambulance 

services. Increasing numbers of patients presenting to EDs and greater use of ambulance 

services are two issues that have received attention in recent years in the research 

literature,335,336 as well as in mainstream media. Internationally, various strategies have been 

employed to identify patient groups for which improved primary care management could 

reduce emergency medical service use.337 Children with complex disabilities such as cerebral 

palsy may be a group for which improved primary care management could reduce their use of 

emergency medical services.  

Factors which make it difficult for healthcare professionals and parents to judge the real 

urgency of a child’s condition, such as non-ambulant and/or non-verbal status and medical 

device dependency, may also be barriers to accessing appropriate and effective primary care. It 

has been proposed that increased paediatric training and exposure for general practitioners 

may encourage more parents to use primary care services when appropriate instead of 

attending the ED with their child.338,339 In order for this strategy to work for children with 

complex care needs, additional professional development related to assessing and managing 

acutely ill medically-complex children with multiple comorbidities would be required, 

alongside ready access to tertiary care colleagues. 

In the shorter term, readily available data could be used to increase our understanding of the 

healthcare needs of this group, and to find out what is effective in reducing their healthcare 

encounters. Linkage of large clinical registries and administrative datasets is more time 

efficient and cost effective compared to prospective cohort studies.340 Analysis of data 

collected by existing programs such as complex care coordination programs and hospitals in 

the home, may indicate if they are effective at reducing unnecessary hospital visits. Data from 

the USA and Canada suggest that such programs are successful,341 and similar findings have 

been reported from Western Australia;342 however, studies of a larger scale are required, with 

linkage to administrative health service datasets incorporated. This would enable researchers 

to assess the impact of these programs on the use of medical services outside of the centres in 

which they are based. 

Limitations of the current study include the lack of patient-level data on the non-cerebral 

palsy presentations and the subsequent inability to investigate the frequency of presentations 
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among the general population of children and make comparisons with the cerebral palsy 

cohort. It would be particularly insightful to compare ED presentation frequency between 

those with mild cerebral palsy and the general childhood population. In addition, there is the 

possibility that some members of the cerebral palsy cohort were incorrectly matched which 

would have led to some children with cerebral palsy ending up in the general population 

presentations; if this was the case, real differences between both groups may have in fact been 

slightly diluted.  

5.7 Lessons learned 

Data linkage is an expanding area of research, but one which is associated with many barriers. 

Having overcome such barriers and being successful in receiving linked data, the following are 

some lesson learned: 

 Engage with the relevant data linkage unit as early as possible in the research process, 

preferably before or during protocol development, and if possible, speak to the 

relevant data custodian/s directly.  

 Identify any projects that were carried out in the region and involved linking 

comparable datasets. If the data linkage unit can be provided with precedence for a 

project, it may speed up the process of receiving approval.   

 Though requirements may vary between data linkage units and between states and 

countries, it is likely that the “separation principle” will apply to all researchers; that is, 

researchers must not have access to both the linked data and one (or both) of the 

original datasets. If this is the case, it is important to have a data management and 

analysis strategy in place. 

 Ensure there are common variables between the datasets to be linked. These may 

become the linkage variables; the more common variables, the better.   

 Allow sufficient time for the application process, including discussions with the data 

linkage unit, and be prepared to have a long wait between the initial application and 

receipt of the linked data. When preparing timelines, take into account that it may be 

a requirement to submit publications based on the data to the data linkage unit for 

review before it they are submitted to a journal.  

5.8 Conclusions 

This study benefited from the use of data linkage techniques to ascertain ED data on a 

population cohort of children with cerebral palsy. It confirms that compared to other children 
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in the ED, Victorian children with cerebral palsy used more resources. It is unclear whether 

this is a result of the greater severity of their presenting complaints or a perception of greater 

severity due to their underlying disability. If the latter, strategies to address a potential 

overuse of emergency services are warranted, because in addition to having financial 

implications for health services, unnecessary ambulance use, ED presentations, and hospital 

admissions impact negatively, both emotionally and financially, on children and their families. 

Given the differences that exist in the patterns of ED use among children with cerebral palsy 

compared to the general childhood population, strategies to reduce unnecessary ED use must 

be tailored for this group, and for children with complex disabilities in general. Addressing 

structural barriers, namely access to primary care and community based secondary care 

physicians who are familiar with the medical management of children with medical 

complexity, and assessing further the role of complex care coordination programs and 

hospitals in the home should be a priority. 
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5.9 Summary of chapter 5 

 

 

 

 

 

Figure 5.2 Summary of chapter 5 
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most common presenting 

complaints among children with 

cerebral palsy. Injuries and 

poisonings were the most 

common complaints among 

other children. 

The increased use of 

ambulance services and higher 

proportions requiring 

admission among children with 

cerebral palsy existed for 

higher and lower urgency 

presentations. 
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6.1 Background to chapter 

As discussed in chapter 4, the two providers of tertiary paediatric care in Victoria are 

experiencing greater numbers of patients presenting to the ED. This places pressure on the 

hospital as a whole, not just the ED, including increased pressure on hospital inpatient 

services. It is expected that children with cerebral palsy will require admissions to specialist 

paediatric hospitals for procedures that are only delivered at those centres. Examples of such 

procedures include Single Event Multi Level Surgery and other musculoskeletal procedures, 

intrathecal baclofen pump insertion and other neurosurgical procedures, and other device 

insertion procedures such as gastrostomy feeding tube insertions. In addition, many children 

with complex care needs are likely to have their care coordinated by specialist developmental 

paediatricians at tertiary paediatric hospitals.  Little is known however, about how, at a 

population-level, children with cerebral palsy are using inpatient services at Victoria’s two 

tertiary paediatric hospitals. 

6.2 Overall aim 

The overall aim of the research presented in this chapter was to describe the patterns of 

hospital admissions to Victoria’s two paediatric hospitals among children and young people 

with cerebral palsy. 

6.3 Specific research questions  

1. Over a five-year period, how many admissions did children and young people with 

cerebral palsy have at Victoria’s two tertiary paediatric hospitals?  

2. What are the main reasons for tertiary paediatric hospital admissions among children 

with cerebral palsy?  

3. What clinical factors are related to the frequency and type of tertiary paediatric 

hospital admissions among children with cerebral palsy?  

4. At these two centres, how often do re-admissions to hospital within 7, 30 and 365 days 

of an index admission occur among children with cerebral palsy?   

5. What factors are associated with increased 7-, 30-, and 365-day re-admission rates?   
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6.4 Publication  

Full citation: Meehan E, Freed GL, Reid SM, Williams K, Sewell JR, Rawicki B, Reddihough 

DS. Tertiary paediatric hospital admissions in children and young people with cerebral palsy. 

Child: Care, Health and Development. 2015: 41 (6); 928-937 

  



Tertiary paediatric hospital admissions in children
and young people with cerebral palsy

E. Meehan,*† G. L. Freed,‡ S. M. Reid,*† K. Williams,*†§¶ J. R. Sewell*,**, †† B. Rawicki,‡‡ and
D. S. Reddihough,*†§

*Department of Paediatrics, University of Melbourne, Melbourne, Australia
†Developmental Disability and Rehabilitation Research, Clinical Sciences, Murdoch Childrens Research Institute, Melbourne, Australia
‡Health Systems and Workforce Unit, Centre for Health Policy, School of Population and Global Health, University of Melbourne,
Melbourne, Australia
§Developmental Medicine, Royal Children’s Hospital, Melbourne, Australia
¶Deakin Child Study Centre, School of Psychology, Deakin University, Melbourne, Australia
**Centre for Community Child Health, Royal Children’s Hospital, Melbourne, Australia
††Community Health Services Research, Population Health, Murdoch Childrens Research Institute, Melbourne, Australia, and
‡‡Paediatric Rehabilitation, Monash Children’s Hospital, Melbourne, Australia

Accepted for publication 3 May 2015

Keywords
cerebral palsy register,
health services research,
hospitalisations, inpatient
resources, readmissions,
respiratory

Correspondence:
Elaine Meehan,
Developmental Disability
and Rehabilitation
Research, Murdoch
Childrens Research
Institute, 50 Flemington
Road, Parkville, Vic.
3052, Australia
E-mail: elaine.
meehan@mcri.edu.au

Abstract
Background Many previous studies that have investigated hospital admissions in children and

young people with cerebral palsy lack information on cerebral palsy severity and complexity.

Consequently, little is known about factors associated with the frequency and type of hospital

admissions in this population. This study used hospital admission data available for all children and

young people known to a population-based cerebral palsy register to describe the patterns of use of

tertiary paediatric hospital services over a 5-year period.

Methods This was a retrospective cohort analysis of routinely collected admission data from the

two tertiary paediatric hospitals in the Australian state of Victoria. Data on admissions of individuals

born between 1993 and 2008 registered on the Victorian Cerebral Palsy Register were analysed

(n=2183).

Results Between 2008 and 2012, 53% of the cohort (n=1160) had at least one same-day admission,

and 46% (n=996) had one or more multi-day admissions. Those with a moderate to severe motor

impairment and those with a co-diagnosis of epilepsy had more admissions, and for multi-day

admissions, longer lengths of stay, P< 0.05. Across all severity levels, respiratory and

musculoskeletal diseases were the most frequently reported reasons for medical and surgical

admissions, respectively. All-cause readmission rates for urgent multi-day stays within 7, 30 and

365 days of an index admission were 10%, 23% and 63%, respectively.

Conclusions The reasons for hospital admissions reported here reflect the range of comorbidities

experienced by children and young people with cerebral palsy. This study highlights priority areas

for prevention, early diagnosis and medical management in this group. Improved primary and

secondary prevention measures may decrease non-elective hospital admissions and readmissions in

this group and reduce paediatric inpatient resource use and healthcare expenditure attributable to

cerebral palsy.

Original Article doi:10.1111/cch.12263

© 2015 John Wiley & Sons Ltd928
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Introduction

Cerebral palsy (CP), a disorder of movement and posture
resulting from an injury or disturbance to the developing brain
(Rosenbaum et al. 2007), is the most common cause of
permanent physical disability in children. It affects around two
per 1000 live births in developed countries worldwide, its
prevalence inversely associated with gestational age (Oskoui
et al. 2013). Affected children can experience frequent illness
due to their increased risk of epilepsy, gastrointestinal and
nutritional problems and respiratory disorders compared with
the general childhood population, with those children who are
the most severely motor-impaired at the greatest risk (Pruitt &
Tsai 2009; Shevell et al. 2009). Furthermore, children with CP
are at risk of developing progressive musculoskeletal pathol-
ogies (Graham & Selber 2003), and many are technology-
dependent, including around one in ten reliant on a
gastrostomy feeding tube (Dahlseng et al. 2012).

The proportion of all paediatric hospital admissions attrib-
utable to chronic health conditions has increased over the past
few decades, the reasons for which are multifactorial (Simon
et al. 2010; Berry et al. 2012b). The increased prevalence of
children with such conditions in the population today, due to
advances in neonatal medicine and the increased survival of
children born pre-term or with life-limiting conditions (Doyle
& The Victorian Infant Collaborative Study Group 2004; Kaiser
et al. 2004), may be playing a role. Other factors, including the
increasing number of surgical procedures performed on these
children, and the scarcity of community-based medical
professionals that can manage paediatric chronic illness in
many regions, are also implicated (Berry et al. 2012a). In
addition to having more hospital admissions than their typically
developing peers, previous research tells us that children and
young people with CP are more likely to die during a hospital
admission, experience longer lengths of stay, have more
diagnoses and undergo more procedures per admission and
accrue higher hospital charges (Young et al. 2007; Murphy et al.
2006). This group is also more likely to experience recurrent
readmissions to the hospital (Berry et al. 2011), with the
associated significant costs for health services and for patients
and their families (Nakamura et al. 2014). Disorders of the
respiratory and nervous systems have been reported to account
for the majority of hospital admissions in this population,
followed by disorders of the musculoskeletal and gastrointes-
tinal systems (Murphy et al. 2006; Young et al. 2011).

Overall, studies that have examined inpatient resource use
specifically in the CP population are scarce and are limited by a
number of factors including the inclusion of particular age

groups only (Young et al. 2007; Young et al. 2011), the use of
diagnosis codes to identify individuals with CP (Murphy et al.
2006) and a lack of clinical information on CP severity and
complexity (Murphy et al. 2006; Young et al. 2011). This study
used hospital admission data available for all children and
young people known to a population-based CP register to
evaluate the main reasons for tertiary paediatric hospital
admissions in this group and to identify clinical factors
associated with the frequency and type of admissions.
Secondary aims were to identify factors associated with
multi-day length of stay and 7-, 30- and 365-day rates of all-
cause readmissions.

Methods

Study design and setting

This study was a retrospective cohort analysis of routinely
collected admission data from the two tertiary paediatric
hospitals in the Australian state of Victoria: the Royal Children’s
Hospital, Melbourne, and Monash Children’s Hospital. Data
pertaining to the same-day and multi-day admissions of all
individuals born between 1993 and 2008 registered on the
Victorian Cerebral Palsy Register were included for analysis. The
Victorian Cerebral Palsy Register is a database of individuals
with CP born or living in Victoria, born from 1970 onwards.
Clinical and demographic data on registered cases are obtained
primarily from the medical records, but also from families and
treating clinicians. The study was approved by the human
research ethics committees of both hospitals; a waiver of
informed consent was granted.

Procedures

For each member of the cohort, data were obtained on
admissions to Royal Children’s Hospital, Melbourne, and
Monash Children’s Hospital between 2008 and 2012. Health
Information Services personnel from both hospitals were
provided with a list of the hospital unit record numbers of all
members of the cohort, following which they extracted the
relevant data. Variables included admission date, discharge
date, same-day flag, admission type (emergency, elective, and
other), primary diagnosis code, secondary diagnoses codes,
primary procedure code, Australian Refined Diagnostic Related
Groups (AR-DRGs) and local government area of residence.
Variables available from the CP register included date of birth,
epilepsy status and Gross Motor Function Classification
System (GMFCS) level. The GMFCS is a five-level classification
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tool, used to describe the gross motor abilities of individuals
with CP on the basis of their self-initiated movement with
particular emphasis on sitting, walking and wheeled mobility
across four age bands: I/II = independently ambulant;
III = ambulates with aids; and IV–V=not independently
ambulant (Palisano et al. 1997). Epilepsy was defined as two
or more unprovoked seizures outside the neonatal period.

The standard grouping of International Statistical Classifica-
tion of Diseases and Related Health Problems 10th Revision
codes was used to categorize the principal diagnosis for each
admission (World Health Organisation 2011). The analysis
focused on the primary diagnoses only. In a small number of
cases, CP was listed as the primary diagnosis and a secondary
diagnosis was available; in these cases, the secondary diagnosis
was used. If no secondary diagnosis was available, CP was used.
Primary procedures were categorized using the Australian
Classification of Health Interventions, the national standard for
procedure and intervention coding in Australian hospitals
(Commonwealth of Australia 2010). The AR-DRG, an Australian
admitted patient classification system which provides a clinically
meaningful way of describing a hospital’s case-mix, was used to
differentiate between surgical andmedical admissions (Australian
Institute of Health and Welfare 2014).

Every admission was counted as a separate index admission
and was the starting point for follow-up to check for
readmissions. An admission did not require a ‘clean period’
with no admissions to constitute an index admission. As such,
an admission could be both a readmission for a prior
admission and an index admission for a subsequent readmis-
sion. A readmission was defined as a subsequent multi-day
admission for any diagnosis within 7, 30 or 365 days of the
discharge date of an index admission. For 7-day readmissions,
the discharge date for the index admission must have occurred
prior to 24 December 2012, and for 30- and 365-day
readmissions, the discharge date must have occurred prior to
1 December 2012 and 31 Dec 2011, respectively. This approach
ensured adequate follow-up periods.

Statistical analysis

Descriptive statistics were used to summarize the study cohort
and admission characteristics. GMFCS levels were
dichotomised (levels I–II as mild motor impairment and levels
III–V as moderate to severe motor impairment). Mann–
Whitney tests were used to investigate differences in the total
number of admissions and in length of stay for multi-day
admissions (which both demonstrated a non-normal distribu-
tion pattern) across the dichotomous categories of GMFCS,

epilepsy and AR-DRG type. Primary diagnoses and procedures
were tabulated, and chi-squared analysis was used to test for
equality of percentages between GMFCS sub-groups. Chi-
squared analysis was also used to test for variation in
readmission rates between GMFCS sub-groups. Readmission
rates were calculated by dividing the total number of multi-day
stays with at least one subsequent hospital stay within 7/30/
365 days by the total number of multi-day stays that took place
over the relevant time period. P-values were defined as the
probability that differences between sub-groups as large as, or
larger than, that observed in this cohort could have arisen due
to random chance alone; a value of less than 0.05 was
considered to provide strong evidence of difference. All data
analysis was carried out using Stata 13.1 (StataCorp LP 2013).

Results

Study cohort

The cohort comprised 2183 children and young people with
CP. Fewer than 5% (n=102) were aged 0–4 years in December
2012, and 32%, 33% and 31% were aged 5–9, 10–14 and
15–19 years, respectively. The proportions classified as func-
tioning at GMFCS levels I, II, III, IV and V were 34%
(n=750), 26% (n=567), 10% (n=223), 13% (n=277) and
13% (n=283), respectively; data on GMFCS were missing for
4% of the cohort (n=83). Overall, 29% (n=623) had a co-
diagnosis of epilepsy, and 68% (n=1476) did not; data on
epilepsy were missing for approximately 4% (n=84) of the
cohort.

Of the 2183 members of the CP cohort, 1443 (66%) had ≥1
tertiary paediatric hospital admission between 2008 and 2012.
Overall, 53% of individuals (n=1160) had ≥1 same-day
admission and 46% (n=996) had ≥1 multi-day admission.
Compared with those who had had no admission over the
study period, children and young people who had at least one
admission were younger and were more likely to have a co-
diagnosis of epilepsy and to be classified as GMFCS III–V
(P< 0.001).

Total admissions

Members of the CP cohort had a total of 7177 admissions. Fifty-
two per cent (n=3737) were same-day admissions, of which
92% (n=3444) were elective. Of the 3440multi-day admissions,
52% were elective (n=1784). Factors strongly associated with a
greater number of both same-day and multi-day admissions
were GMFCS level and epilepsy, with those children who were
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more severely motor-impaired (GMFCS III–V) and those with a
co-diagnosis of epilepsy having a greater number of admissions;
P< 0.001 (Table 1).

Multi-day admissions

Children classified as GMFCS III–V accounted for 68%
(n=2324) of all multi-day admissions, and 75% of the total
number of admitted nights (n=16 523). The median length of
stay for this group (4 days) was significantly longer than that of
individuals classified as GMFCS I–II (2 days); P< 0.0001. Of the
3440 multi-day admissions, medical and surgical AR-DRGs

were responsible for 48% (n=1636) and 37% (n=1269),
respectively; the remainder (15%) was comprised of other or
unknown DRG types (Table 2).

Respiratory diseases were the most frequently reported
diagnoses for medical multi-day admissions across all GMFCS
levels but represented a higher proportion in children classified as
GMFCS III–V compared with children classified as GMFCS I–II
(24% vs. 12%; P< 0.001). Among surgical multi-day admissions,
diseases of the musculoskeletal system were the most common
primary diagnoses across all GMFCS levels, representing 47% and
43% of surgical multi-day admissions in children classified as
GMFCS I–II and GMFCS III–V, respectively (Table 3).

Table 1. Number of admissions, 2008–2012, by GMFCS level and epilepsy

GMFCS level

I/II (n = 1317) III–V (n = 783)

Min. Max. Median IQR Min. Max. Median IQR Wilcoxon’s Z † P-value †

All 0 36 1 0–3 0 50 3 1–7 !13.634 <0.0001
Same-day 0 32 0 0–2 0 26 1 0–3 !6.286 <0.0001
Multi-day 0 14 0 0–1 0 50 2 0–4 !18.362 <0.0001

Epilepsy

No (n = 1476) Yes (n = 623)

Min. Max. Median IQR Min. Max. Median IQR Wilcoxon’s Z † P-value †

All 0 50 1 0–4 0 41 3 1–7 !9.674 <0.0001
Same-day 0 32 0 0–2 0 30 1 0–3 !5.673 <0.0001
Multi-day 0 50 0 0–1 0 39 1 0–4 !12.308 <0.0001

Members of the cohort for whom data on GMFCS level and epilepsy were missing were excluded from analysis.
GMFCS, Gross Motor Function Classification System; Min., minimum; Max., maximum; IQR, interquartile range: indicates range from 25th to 75th percentile.
† From Mann–Whitney test.

Table 2. Multi-day admissions: number of admitted nights, and median length of stay by GMFCS, epilepsy status and AR-DRG type

Multi-day admissions Admitted nights Length of stay (days)

n (%) n (%) Min. Max. Median IQR Wilcoxon’s Z † P-value †

Total 3440 (100.0) 21 955 (100.0) 1 242 3 1–3
GMFCS !10.953 <0.0001

I/II 994 (30.0) 4 600 (21.0) 1 132 2 1–5
III–V 2324 (70.0) 16 523 (75.3) 1 242 4 2–7
Unknown 122

Epilepsy !2.457 0.014
Yes 1792 (53.0) 11 585 (52.8) 1 173 3 2–7
No 1590 (47.0) 10 085 (46.0) 1 242 3 1–6
Unknown 58

AR-DRG type !4.037 0.0001
Medical 1636 (56.3) 9 508 (43.3) 1 242 3 1–6
Surgical 1269 (43.7) 8 571 (39.0) 1 211 4 2–6
Other/unknown 535

Admissions with missing data on GMFCS level, epilepsy and AR-DRG type were excluded from analysis.
GMFCS, Gross Motor Function Classification System; AR-DRG, Australian Refined Diagnostic Related Group; Min., minimum; Max., maximum; IQR, interquartile
range: indicates range from 25th to 75th percentile.
† From Mann–Whitney test.
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Procedures

Musculoskeletal procedures represented the primary procedure
in one-half (n=1857) of all same-day admissions and one-
quarter (n=877) of all multi-day admissions (Table 4). For
same-day admissions, the administration of an agent (most
frequently botulinum toxin-A) into a musculoskeletal site was
the most common musculoskeletal procedure (n=1757), while
for multi-day admissions, procedures performed on the hip
(n=321) and leg (n=211) were the most common. With the
exception of musculoskeletal procedures and those categorized
as ‘non-invasive, cognitive and other interventions’, relatively

few children classified as GMFCS I–II had other types of
procedures carried out during admissions. In contrast, children
classified as GMFCS III–V had a digestive system procedure in
over 10% of all admissions and were also more likely than those
classified as GMFCS I–II to have had procedures related to the
nervous system (3%) and respiratory system (4%) (Table 4).

Readmission rates

For non-elective multi-day admissions, the 7-, 30- and 365-day
readmission rates were 10%, 23% and 63%, respectively.

Table 3. Variation in primary diagnosis of multi-day admissions according to GMFCS level

AR-DRG type

Medical † (n = 1572) Surgical ‡ (n = 1237)

GMFCS I/II GMFCS III–V GMFCS I/II GMFCS III–V

n (%) n (%) n (%) n (%)

All 405 (25.8) 1167 (74.2) 453 (36.6) 784 (63.4)
Infectious and parasitic diseases 17 (4.2) 82 (7.0) 0 (0) 7 (0.9)
Nervous system diseases 63 (15.6) 185 (15.9) 43 (9.5) 56 (7.1)

Cerebral palsy 13 (3.2) 36 (3.1) 25 (5.5) 34 (4.3)
Epilepsy 33 (8.1) 114 (9.8) 1 (0.2) 2 (0.3)
Other nervous system 17 (4.2) 35 (3.0) 17 (3.8) 20 (2.6)

Respiratory diseases 49 (12.1) 275 (23.6) 11 (2.4) 35 (4.5)
Disease of the upper respiratory tract 12 (3.0) 41 (3.6) 10 (2.2) 14 (1.8)
Diseases of the lower respiratory tract 37 (9.2) 221 (19.0) 1 (0.2) 13 (1.7)
Other respiratory 0 (0) 13 (1.1) 0 (0) 8 (1.0)

Digestive diseases 16 (4.0) 68 (5.8) 11 (2.4) 48 (6.1)
Musculoskeletal diseases 7 (1.7) 35 (3.0) 195 (43.1) 366 (46.7)

Contracture of muscle or tendon 0 (0) 5 (0.4) 111 (24.5) 181 (23.1)
Joint derangement 0 (0) 4 (0.3) 25 (5.5) 81 (10.3)
Acquired deformity 1 (0.3) 0 (0) 50 (11.0) 57 (7.3)
Scoliosis 0 (0) 1 (0.1) 0 (0) 37 (4.7)
Other musculoskeletal 6 (1.5) 25 (2.2) 9 (2.0) 10 (1.3)

Symptoms, signs and abnormal findings, NEC 39 (9.6) 158 (13.5) 4 (0.9) 18 (2.3)
Symptoms and signs involving digestive system and abdomen 9 (2.2) 56 (4.8) 0 (0) 4 (0.5)
Convulsions 6 (1.5) 23 (2.0) 0 (0) 0 (0)
Other symptoms or signs 24 (5.9) 80 (6.9) 4 (0.9) 14 (1.8)

Injury, poisoning and consequences of external causes 17 (4.2) 41 (3.5) 47 (10.4) 54 (6.9)
Factors influencing health and contact with health services 62 (15.3) 112 (9.6) 33 (7.3) 63 (8.0)

Other orthopaedic follow-up care 3 (0.7) 9 (0.8) 27 (6.0) 52 (6.6)
Care involving rehabilitation procedures 40 (9.9) 51 (4.4) 0 (0) 0 (0)
Attention to artificial opening or implanted device 2 (0.5) 8 (0.7) 6 (1.3) 7 (0.9)
Other factors 17 (4.2) 44 (3.8) 0 (0) 4 (0.5)

Other§ 43 (10.6) 89 (7.6) 48 (10.6) 66 (8.4)
No diagnosis listed 92 (22.7) 122 (10.5) 61 (13.5) 71 (9.1)

Admissions with missing data on GMFCS level were excluded from analysis.
AR-DRG, Australian Refined Diagnostic Related Group; GMFCS, Gross Motor Function Classification System; NEC, not elsewhere classified.
† χ2(9, n = 1572) = 76.13, P< 0.001 (for test of difference in major diagnostic category of overnight medical admissions between individuals classified as
GMFCS I/II and those classified as GMFCS III–V).
‡ χ2(9, n = 1237) = 32.69, P< 0.001 (for test of difference in major diagnostic category of overnight surgical admission between individuals classified as
GMFCS I/II and those classified as GMFCS III–V).
§ Neoplasms; diseases of the blood and blood-forming organs and immune mechanism; endocrine, nutritional and metabolic diseases; mental and
behavioural disorders; diseases of the eye and adnexa; diseases of the ear and mastoid; circulatory system diseases; genitourinary system diseases; diseases
of the skin and subcutaneous tissue; certain conditions originating in the perinatal period; and congenital anomalies.
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GMFCS level was strongly associated with 30- and 365-day
admission rates, children classified as GMFCS III–V having
significantly higher 30- and 365-day readmission rates than
those classified as GMFCS I–II. Admissions due to diseases of
the digestive and respiratory systems had the highest rates of
readmission (Table 5).

Discussion

This study investigated the patterns of use of tertiary paediatric
inpatient services by a population cohort of children and

young people with CP. Key findings were as follows: (1)
children and young people who were more severely motor-
impaired and those who had a co-diagnosis of epilepsy
experienced a greater number of admissions and, for multi-
day admissions, had longer lengths of stay; (2) respiratory
diseases and musculoskeletal conditions were the most
common reasons for medical and surgical admissions,
respectively; (3) individuals classified as GMFCS I–II were
more frequently admitted to hospital for factors relating to
their movement problem, while nutritional needs and
respiratory complications drove a substantial amount of both

Table 4. Primary procedures

Length of admission † GMFCS level ‡

Same-day (3737) Multi-day (3440) I/II (3050) III–V (3920)

n (%) n (%) n (%) n (%)

Musculoskeletal procedure 1857 (49.7) 877 (25.5) 1639 (53.8) 1053 (26.8)
Administration of agent into musculoskeletal site 1757 (47.0) 34 (1.0) 1264 (41.4) 498 (12.7)
Procedure on hip 8 (0.2) 321 (9.3) 91 (3.0) 235 (6.0)
Procedure on leg 13 (0.4) 211 (6.1) 137 (4.5) 85 (2.2)
Spinal procedure 0 (0) 38 (1.1) 0 (0) 37 (0.9)
Other application, insertion or removal procedure 36 (1.0) 121 (3.5) 57 (1.9) 97 (2.5)
Procedure on upper limb 13 (0.4) 10 (0.3) 18 (0.6) 5 (0.1)
Other musculoskeletal procedure 29 (0.8) 142 (4.1) 72 (2.4) 96 (2.5)

Procedure on digestive system 321 (8.6) 164 (4.8) 64 (2.1) 412 (10.5)
Application, insertion or removal procedure on stomach 227 (6.1) 80 (2.3) 20 (0.7) 281 (7.2)
Panendoscopy 77 (2.1) 14 (0.4) 16 (0.5) 75 (1.9)
Fundoplication 0 (0) 36 (1.0) 0 0 33 (0.8)
Other procedure on digestive system 17 (0.5) 34 (1.0) 28 (0.9) 23 (0.6)

Procedure on nervous system 35 (0.9) 161 (4.7) 62 (2.0) 131 (3.3)
Revision of intracranial cerebrospinal fluid shunt 0 (0) 54 (1.6) 29 (1.0) 25 (0.6)
Cranial tap or puncture 21 (0.6) 27 (0.8) 15 (0.5) 31 (0.8)
Insertion of spinal catheter, infusion device or pump 0 (0) 26 (0.8) 2 (0.1) 24 (0.6)
Revision procedures on spinal canal or spinal cord 0 (0) 17 (0.5) 0 (0) 17 (0.4)
Other procedure on nervous system 14 (0.3) 37 (3.7) 16 (0.4) 34 (0.9)

Procedure on respiratory system 8 (0.2) 174 (5.1) 23 (0.8) 155 (4.0)
Ventilatory support 2 (0.1) 130 (3.8) 16 (0.5) 113 (2.9)
Airway management 2 (0.1) 19 (0.6) 3 (0.1) 18 (0.5)
Other procedure on respiratory system 6 (0.1) 25 (0.7) 4 (0.2) 24 (0.6)

Dental procedure 165 (4.4) 20 (0.6) 49 (1.6) 135 (3.4)
Non-invasive, cognitive and other interventions, NEC 336 (9.0) 763 (22.2) 280 (9.2) 805 (20.5)

Intervention involving device, aid or equipment 107 (2.9) 22 (0.6) 61 (2.0) 67 (1.7)
Generalized allied health intervention 8 (0.2) 584 (17.0) 90 (3.0) 498 (12.7)
Administration of pharmacotherapy 145 (3.9) 24 (0.7) 43 (1.4) 125 (3.2)
Other non-invasive, cognitive and other interventions 76 (2.0) 133 (3.9) 86 (2.8) 115 (2.9)

Imaging services 86 (2.3) 115 (3.3) 70 (2.3) 126 (3.2)
Other§ 166 (4.4) 167 (4.9) 177 (5.8) 154 (3.9)
No procedure listed 763 (20.4) 999 (29.0) 686 (22.5) 949 (24.2)

Admissions with missing data on GMFCS level were excluded from analysis.
GMFCS, Gross Motor Function Classification System; NEC, not elsewhere classified.
† χ2(8, n = 7177) = 939.17, P =<0.001 (test for difference between same-day and multi-day admissions in category of primary procedure carried out during
admission).
‡ χ2(8, n = 6970) = 761.95, P =<0.001 (for difference between individuals classified as GMFCS I/II and those classified as GMFCS III–V in category of primary
procedure carried out during admission).
§ Procedures on endocrine system; eye and adnexa; ear and mastoid process; nose, mouth and pharynx; cardiovascular system; blood and blood-forming
organs; urinary system; male genital organs; gynaecological procedures; dermatological and plastic procedures; and procedures on breast.
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surgical and non-surgical admissions in those classified as
GMFCS III–V; and (4) admissions due to diseases of the
digestive and respiratory systems were among those with the
highest rates of all-cause readmissions.

Studies reiterate the need for adequate information sharing
between hospitals and community-based healthcare profes-
sionals and emphasize the benefits of care co-ordination and
accessible care plans in reducingmedical service use inmedically
complex children (Quigley et al. 2014; Adams et al. 2013;
Antonelli et al. 2008; Cohen et al. 2012). However, the design of
health systems is often such that the focus is on addressing acute
episodes of care, and chronic disease management and care
continuum are rarely prioritized (Quigley et al. 2014). When
individuals require the resources that only inpatient care can
provide, admission to hospital is appropriate. However, where
possible, avoiding hospitalizations is desirable, given the
disruption it causes to individuals and their families (Nakamura
et al. 2014).

It is important that clinicians are aware of the most common
reasons for hospital admission in individuals with CP and the
risk factors for frequent admission, so that areas for prevention

can be identified. While a certain amount of morbidity in this
group is not preventable (e.g.musculoskeletal pathologies), it is
important that factors that may have the potential to be changed
(e.g. nutritional status and pulmonary aspiration risk) are
identified and managed early (Murphy et al. 2006). Respiratory
illness is the leading cause of mortality in individuals with CP
(Reid et al. 2012), and the finding that it was the main reason for
non-surgical hospital admissions in this CP cohort was not
surprising. However, it does suggest that the respiratory health
of children and young people with severe CP in particular
should remain an important focus for clinicians and a priority
area for research. While many factors that contribute to
respiratory morbidity in this group are not avoidable,
complications such as kyphoscoliosis and malnutrition should
be monitored, and it is recommended that individuals with CP
receive seasonal influenza vaccines, and that prophylactic
antibiotics are considered in certain cases (McCrea et al. 2013).

Readmissions to hospital within 30 and 365 days of an index
admission have been reported to occur in children at rates of
around 6% and 20%, respectively (Berry et al. 2011; Berry et al.
2013). Readmission rates in children with medical complexity

Table 5. 7, 30 and 365-day all-cause readmission rates for all multi-day emergency admissions

7-day (%) 30-day (%) 365-day (%)

All 10.2 22.6 63.4
Age (years) at admission χ2(3, n = 1630) = 3.49, P = 0.322 χ2(3, n = 1609) = 7.79, P = 0.051 χ2(3, n = 1340) = 9.62, P = 0.022

0–4 10.2 24.1 66.9
5–9 11.4 24.6 63.3
10–14 8.2 17.8 61.2
15–19 12.3 24.5 51.5

GMFCS level χ2 (1, n = 1561) = 0.01, P = 0.916 χ2 (1, n = 1541) = 12.22, P< 0.0001 χ2 (1, n = 1281) = 52.11, P< 0.0001
I/II 10.2 15.5 44.9
III–V 10.4 24.4 68.1

AR-DRG type χ2 (1, n = 1339) = 0.49, P = 0.486 χ2 (1, n = 1320) = 1.95, P = 0.163 χ2 (1, n = 1109) = 0.50, P = 0.479
Medical 10.5 23.9 64.5
Surgical 12.4 28.9 61.4

Primary diagnosis category of index
admission

χ2 (8, n = 1407) = 33.44 P< 0.0001 χ2 (8, n = 1389) = 19.86, P = 0.011 χ2 (8, n = 1147) = 32.38, P< 0.0001

Infectious and parasitic diseases 5.6 22.4 55.4
Nervous system diseases 6.9 18.9 64.1
Respiratory system diseases 9.3 22.0 71.4
Digestive system diseases 11.3 22.1 53.4
Musculoskeletal diseases 5.4 18.9 50.0
Symptoms, signs and abnormal
findings NEC

19.9 32.5 70.6

Injury, poisoning and consequences of
external causes

15.6 26.5 57.0

Factors influencing health and contact
with health services

0 3.7 34.8

Other 10.8 23.4 60.9

Admissions with missing data on GMFCS level, AR-DRG type and primary diagnosis category of index admission were excluded from analysis.
χ2 testing for differences between sub-groups of age, GMFCS, AR-DRG and primary diagnosis category in the proportion of 7-, 30-, and 365-day readmissions:
χ2 (degrees of freedom, sample size) = Χ2 statistic, P-value.
GMFCS, Gross Motor Function Classification System; AR-DRG, Australian Refined Diagnostic Related Group; NEC, not elsewhere classified.
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are known to be higher, with one group reporting a 30-day
readmission rate of 11% for children with CP and other
neurological conditions (Berry et al. 2013). The 30-day
readmission rate of 23% in this study was higher than that
previously reported in the literature. However, some of this
variation may be accounted for by differences in methods of
calculation, specifically differences in what defines an index
admission, and whether or not readmissions for any cause or
readmissions for the same diagnosis of the index stay were
counted. Regardless, rates of readmission for all causes in this
group were higher than expected. Traditionally viewed as
indicators of care quality (Ashton et al. 1997), it is now accepted
that readmission rates are affected by factors external to
hospitals, and for reasons that are multifactorial (Alverson &
O’ Callaghan 2013; Bardach et al. 2013; Nakamura et al. 2014).
Factors influencing paediatric readmissions include parent
preferences, distance of the child’s home from the hospital and
availability of primary care and other health care services in the
child’s area of residence (Alverson & O’ Callaghan 2013). As
such, as well as ensuring children are well enough for discharge,
high-quality discharge planning, which takes these factors into
account, and adequate communication between hospitals,
families and community-based health care practitioners in-
volved in the care of these children play an important role in
preventing readmissions in the group. Given that reasons for
readmissions are often different from the reason for the initial
admission (Berry et al. 2013), it is important that post-discharge
care planning focuses attention not just on the primary diagnosis
of the admission, but also on individuals’ comorbidities.

Strengths and limitations

Potential inconsistencies in coding mean that diagnosis and
procedure data need to be interpreted carefully. For example,
for those admissions that had a discharge diagnosis of CP, the
exact reason for the admission was unknown. In addition,
many admissions did not have any diagnosis code or procedure
code available. It is possible that individual GMFCS level might
change over time and the level recorded on the CP register at
the time of data extraction may differ from the functional
ability of the child or young person at each admission. This
analysis was limited to data from tertiary paediatric hospitals
only; patterns of use of these hospitals are likely to differ from
that of non-paediatric hospitals. The high rate of elective and
surgical admissions is reflective of this. The available data did
not enable the identification of preventable readmissions, nor
do we not have information on readmissions to different
hospitals, which likely leads to an undercounting of

readmissions. As such, investigating the patterns of admission to
all hospitals is an important area for future research. It would offer
a greater insight into the frequency and type of admissions and
readmissions in the CP population and could inform strategies
to reduce unnecessary inpatient resource use in this group.

The strengths of this study lie in the use of a population-
based CP register as a sampling frame and the availability of
data on CP severity and complexity. Such data would not have
been available had we used administrative data only and
identified children with CP via International Statistical
Classification of Diseases and Related Health Problems codes.
This study adds to the existing literature by providing new
information on risk factors for frequency and type of hospital
admissions in the CP population. It offers new insights into the
use of inpatient services by children and young people with CP
in Australia and highlights priority areas for prevention, early
diagnosis and management as well as future research, thus
having implications for researchers and clinicians.
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• For clinicians involved in managing patients with
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an important focus, and where possible, preventive
measures should be implemented to reduce respiratory-
related morbidity and subsequent hospital admissions.
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6.5 Additional data tables 

 n (%) 

Episode characteristics   

Admission type   

Elective 5,228 (72.8) 

Emergency  1,924 (26.8) 

Other 25 (0.3) 

Duration of stay   

Multi-day  3,440 (47.9) 

Same-day  3,737 (52.1) 

AR-DRG type   

Medical 4,518 (63.0) 

Surgical 1,489 (20.8) 

Other 630 (8.8) 

Unknown 540 (7.5) 

Patient characteristics    

Age at admission   

0-4 years 2,106 (29.3) 

5-9 years 2,526 (35.2) 

10-14 years 1,948 (27.1) 

15-19 years 597 (8.3) 

GMFCS level   

I 1,468 (20.5) 

II 1,582 (22.0) 

III 776 (10.8) 

IV 1,182 (16.5) 

V 1,962 (27.3) 

Unknown 207 (2.9) 

Epilepsy   

Yes 3,124 (43.5) 

None/resolved 3,920 (54.6) 

Unknown 133 (1.9) 

Total 7,177 (100.0) 

Table 6.1 Description of all tertiary paediatric hospital 
admissions among the cerebral palsy cohort, 2007-
2012 

[AR-DRG, Australian Refined Diagnostic Related 
Group; GMFCS, Gross Motor Function Classification 
System]  
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   Number of admissions 2008-2012 

 CP cohort  ≥1   >10   >20 

 n %  n (%) p a  n (%) p b  n (%) p c 

Total 2,183 (100)  1,443 (66.1)   138 (6.3   23 (1.1)  

Age (in 2012)      <0.001    <0.001    <0.001 

0-4 years 102 (4.7)  85 (83.3)   14 (13.7)   2 (2.0)  

5-9 years 697 (32.0)  516 (74.0)   52 (7.5)   11 (1.6)  

10-14 years 718 (32.9)  466 (64.9)   37 (5.2)   6 (0.8)  

15-19 years 666 (30.5)  376 (56.5)   35 (5.3)   4 (0.6)  

GMFCS level      <0.001    <0.001    <0.001 

I 750 (34.4)  398 (53.1)   16 (2.1)   1 (0.1)  

II 567 (26.0)  374 (66.0)   18 (3.2)   1 (0.2)  

III 223 (10.2)  171 (76.7)   11 (4.9)   1 (0.5)  

IV 277 (12.7)  220 (79.4)   23 (8.3)   5 (1.8)  

V 283 (13.0)  245 (86.6)   65 (23.0)   13 (4.6)  

Epilepsy      <0.001    <0.001    <0.001 

Yes 624 (28.6)  482 (77.2)   90 (14.4)   14 (2.2)  

None/resolved 1,475 (67.6)  920 (62.4)   47 (3.2)   8 (0.5)  

Table 6.2 Description of the cerebral palsy cohort and proportions that had more than 1, more than 10, or more than 20 
tertiary paediatric hospital admissions, 2007-2012 

[a  Chi-squared p-value for the difference between those with ≥ 1 admission compared to those with none; b  Chi-squared p-value 
for the difference between those with > 10 admissions compared to those with < 10; c  Chi-squared p-value for the difference 
between those with >20 admission compared to those with <20] 
[CP, cerebral palsy; GMFCS, Gross Motor Function Classification System] 
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6.6 Summary of chapter 6 

 

 

 

 

 

Figure 6.1 Summary of chapter 6 

These children with cerebral 

palsy had a total of 7,177 

admissions to the two hospitals 

over the five years, an average 

of approximately 1,400 

admissions annually.  

Of 2,183 children with cerebral 

palsy, 53% had at least one 

same-day and 46% had at least 

one multi-day admission to one 

of Victoria’s two tertiary 

paediatric hospitals over a five 

year period. 

Respiratory diseases were the 

most common reason for multi-

day admissions, while the 

administration of botulinum 

toxin- A was the most 

frequently performed 

procedure during same-day 

admissions. 

Children who were more 

severely motor impaired 

(GMFCS III-V) and those with 

epilepsy had more same-day 

and multi-day admissions. 

Children functioning at GMFCS 
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related directly to their 

movement disorder, while poor 

gastrointestinal and respiratory 
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admissions in those severely 

motor impaired. 

For non-elective multi-day 

admissions, the 7-, 30- and 365- 

day readmission rates were 

10%, 23%, and 63% 

respectively. Higher GMFCS 

level and respiratory 

admissions were associated 

with higher readmission rates. 
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Statewide hospital admissions among children with cerebral palsy 
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7.1 Background to chapter 

During the financial year 2013-14, there were more than 9.7 million admissions to hospitals 

throughout Australia. Approximately 9% of these admissions were among children, aged 0-19 

years. Over the past few years, the number of hospital admissions has been increasing by 

around 3.3% annually, which far exceeds the increase in population during this time.343 These 

published statistics can give us an indication of what is happening at a population level; 

however, they provide very little information about how specific patient groups are using 

services. 

As discussed in chapters 1 and 2, there now exist a range of medical and surgical interventions 

to manage many of the comorbidities experienced by children with cerebral palsy. As such, in 

addition to hospital admissions for acute illness, it is to be expected that children with 

cerebral palsy will have admissions to avail themselves of such interventions. As a result, it is 

also to be expected that children with cerebral palsy will have different patterns of hospital 

admissions compared to the general population of children for whom hospital admissions 

generally occur as a result of acute illness or injury. As outlined in chapter 2, there is some 

prior research from the USA which compares cerebral palsy and non-cerebral palsy 

admissions, 252 but there are no published Australian data, and limited data from other 

countries that explore these differences. 

In chapter 6, the patterns of use of tertiary paediatric hospital inpatient services by children 

with CP was described. It was acknowledged that the patterns of admission to these two 

hospitals are unlikely to represent to patterns of use of all hospitals in the state. Published 

data describing the use of statewide hospital inpatient services among children with cerebral 

palsy would assist management decision-making, provide an objective basis for service 

planning, and ensure that any changes to health service delivery for this group are evidence-

based.  

The aims of this study were to investigate the feasibility and utility of linking the VCPR to the 

Victoria’s hospital admissions database, compare admission characteristics between the 

cerebral palsy cohort and the general population, and identify clinical factors associated with 

the frequency and characteristics of admissions in the cerebral palsy cohort. 

  



Chapter 7 | Statewide hospital admissions 

Page | 120 

7.2 Specific research questions  

1. Over a seven year period, how often were children with cerebral palsy admitted to 

hospitals throughout Victoria? 

2. How did cerebral palsy admission characteristics, including principal diagnoses, length 

of stay and number of procedures per admission, differ from those of the general 

childhood population?  

3. Were admissions among the cerebral palsy cohort more costly than general childhood 

admissions for the same diagnoses?  

4. What clinical factors affected the frequency of hospital admissions among the cerebral 

palsy cohort?  

7.3 Methodology 

The VCPR was linked to the VAED using the linkage approach outlined in Chapter 3. In 

summary, the cerebral palsy cohort comprised registered cases born between 1st July, 1995 and 

30th June, 2009 (i.e. aged 5-18 at the end of the study period – 30th June, 2014). Clinical 

information on each case extracted from the VCPR included GMFCS level,61 topography 

(unilateral or bilateral), primary motor type (spastic or dyskinetic)  epilepsy status, and use of 

a gastrostomy tube or intrathecal baclofen pump.  

Data pertaining to all Victorian hospital admissions between July 2007 and June 2014 that 

involved individuals in the cerebral palsy cohort were extracted from the VAED. Unqualified 

newborn admissions (i.e. routine newborn admissions where the child was not admitted to a 

special or neonatal intensive care unit) were excluded. Data extracted on each inpatient 

episode included:  

1. admission data (date of admission, admission type, and intended duration of stay)  

2. demographic data (age, sex, area of residence) 

3. diagnosis data (one principal and up to 39 secondary diagnoses per admission, 

coded using the ICD 10334) 

4. procedure data (up to 40 procedures per admission, coded using the Australian 

Classification of Health Interventions, the national standard for procedure and 

intervention coding in Australian hospitals344). A procedure is defined as “a clinical 

intervention that is surgical in nature, carries a procedural risk, carries an 

anaesthetic risk, requires specialised training and/or requires special facilities or 

equipment available only in the acute care setting”,345 and in this case, refers to 



Chapter 7 | Statewide hospital admissions 

Page | 121 

any intervention used for the diagnosis and/or treatment of ill health during the 

hospital admission. 

5. separation data (date of discharge, length of stay and funding arrangement) 

Victorian public hospitals are funded by a combination of casemix and other funding systems. 

Casemix funding is based on a patient episode that is cost-weighted according to the reason 

for the admission and length of stay. A cost-weighted separation is called a Weighted Inlier 

Equivalent Separation (WIES). In general, the longer a patient stays in hospital, the more 

costly the episode will be, and the more WIES that will be allocated. The allocated WIES for 

each inpatient episode was obtained.  

To allow comparisons to be made between cerebral palsy and general childhood admissions, 

population control data were also obtained. These data comprised non-identifiable data 

pertaining to all admissions (excluding unqualified newborn admissions) to Victorian 

hospitals during the study period where the patient was aged 0-19 years.  

7.4 Statistical analysis  

The principal discharge diagnoses, which describe the main reason for each admission after 

investigation, were classified according to the ICD 10 standard grouping of diseases.334 For the 

cerebral palsy cohort, relative risks (risk ratios) and 95% confidence intervals were calculated 

to compare the risk of having at least one admission over the study period across 

dichotomised groups of GMFCS, topography, primary motor type, epilepsy, gastrostomy tube, 

and intrathecal baclofen pump. Descriptive statistics were used to make comparisons between 

the cerebral palsy cohort and the general population and between various sub-groups of the 

cerebral palsy cohort according to admission frequency, admission type, length of stay, 

diagnostic related groups, hospital region, and discharge diagnoses; the χ2 test was used for 

categorical variables and the Wilcoxon Rank Sum (Mann Whitney) test for continuous 

variables. Minimum and maximum values, medians and interquartile ranges (IQRs) are 

presented for skewed data, and p-values are provided. All data analysis was carried out using 

Stata 14.324  

7.5 Results 

Overview of findings 

The cerebral palsy cohort included in this study comprised 1,746 individuals. Of these, 445 

(25%) had a severe gross motor impairment and were classified as functioning at GMFCS level 

IV or V, 1,080 (62%) had bilateral cerebral palsy, 493 (28%) had epilepsy, 221 (13%) had a 
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gastrostomy tube inserted, and 30 (2%) were known to have had an intrathecal baclofen pump 

in situ.  Spasticity was the primary movement disorder in the majority of children (n=1514; 

87%), with fewer than 6% (n=98) being classified as having dyskinesia as their primary 

movement disorder. (Table 7.1)  

Almost 91% of the cerebral palsy cohort (n=1,586) was positively matched with the VAED, i.e. 

91% was known to have had a hospital admission during their lifetime. 

Overall, 80% of the cerebral palsy cohort (n=1,402) had at least one admission between July 

2007 and June 2014 (same-day or multi-day). This ranged from 71% in those classified as 

GMFCS I to 93% in those classified as GMFCS V. (Table 7.1) The influence of cerebral palsy 

severity and complexity on the risk of having same-day and multi-day admissions is outlined 

below. 

GMFCS level 

Compared to children classified as functioning at GMFCS level I, those functioning at GMFCS 

level V had 1.32 times the risk (95% CI = 1.24 – 1.40) of having at least one same-day or multi-

day admission over the study period. For multi-day admissions specifically, this group of 

children with a severe gross motor impairment had 1.93 times the risk (95% CI = 1.76 – 2.12) of 

having at least one admission during this time compared to children with a mild impairment. 

(Table 7.1) 

Among the children who had at least one same-day or multi-day admission, the median 

number of admissions was higher in those functioning at GMFCS levels III-V, compared to 

those functioning at GMFCS levels I and II.  (Table 7.2) 

Topography  

Children with bilateral cerebral palsy had 1.2 times the risk of having at least one multi-day 

admission over the study period compared to those with unilateral cerebral palsy (95% CI = 

1.14 – 1.28). (Table 7.1) Among those that had at least one multi-day admission, the median 

number of admissions was higher among those with bilateral cerebral palsy. (Table 7.2)  

There was no difference between those with unilateral cerebral palsy and those with bilateral 

cerebral palsy in the proportions that had at least one same-day admission over the study 

period. (Table 7.1) However, amongst those who did have at least one same-day admission, the 

median number of admissions was higher among those with unilateral cerebral palsy 

compared to those with bilateral cerebral palsy. (Table 7.2) 

Motor type 
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Children with dyskinetic cerebral palsy had a slightly higher risk of having a multi-day 

admission (RR=1.12; 95% CI = 1.04-1.20) over the study period compared to those with spastic 

cerebral palsy. There was no difference between those with dyskinetic cerebral palsy and those 

with spastic cerebral palsy in the proportions that has at least one same-day admission over 

the study period. (Table 7.1) Among children who had at least one multi-day or same-day 

admission, the median number of admissions over the study period was higher amongst those 

with dyskinetic cerebral palsy compared to those with spastic cerebral palsy. (Table 2) 

Epilepsy 

Children with epilepsy had a greater risk of having both same-day and multi-day admissions 

over the study period. Overall, they had 1.15 times the risk (95% CI = 1.1 – 1.2) of having any 

type of admission over the study period. (Table 7.1) Among the children who had at least one 

same-day or multi-day admission, the median number of admissions was higher in those with 

epilepsy compared to those without epilepsy. (Table 7.2) 

Gastrostomy tube   

Compared to children that did not use a gastrostomy tube for feeding, those with a 

gastrostomy tube in place had a greater risk of having at least one same-day or multi-day 

admission over the study period. This group of children had 1.27 times the risk of having a 

same-day admission (95% CI = 1.20 – 1.35) and 1.51 times the risk of having a multi-day 

admission (95% CI = 1.44 – 1.60) compared to children who did not have a gastrostomy tube 

in place. (Table 7.1) Among the children who had at least one same-day or multi-day 

admission, the median number of admissions was higher in those with a gastrostomy tube in 

place compared to those who did not use a gastrostomy tube. (Table 2) 

Intrathecal baclofen pumps 

Compared to children that did not have an intrathecal baclofen pump inserted, those with 

pumps in place had 1.32 times the risk (95% CI = 1.19 – 1.45) of having at least one same-day 

admission and 1.42 times the risk (95% CI = 1.29 – 1.58) of having at least one multi-day 

admission over the study period. (Table 7.1) Among the children who had at least one same-

day or multi-day admission, the median number of admissions was higher in those with an 

intrathecal baclofen pump in place compared to those who did have one. (Table 2) 
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 Entire CP cohort  ≥ 1 admission  

(any type) 

2007-2014 

 ≥ 1 same-day 
admission  

2007-2014 

 ≥ 1 multi-day 
admission 

2007-2014 

 n (%)  n (%)  n (%)  n (%) 

Total, n (%) 1,746 (100.0)  1,402 (80.3)  1,246 (71.4)  1,138 (65.2) 

GMFCS level            

I 628 (36.0)  443 (70.6)  387 (61.6)  297 (47.3) 

II 461 (26.4)  366 (79.4)  332 (72.0)  287 (62.3 

III 172 (9.9)  156 (90.7)  140 (81.4)  144 (83.7) 

IV 213 (12.2)  194 (91.1)  171 (80.3)  177 (83.1) 

V 232 (13.3)  216 (93.1)  194 (83.6)  212 (91.4) 

Unknown 40 (2.3)          

Relative risk (95% CI)*  1.32 (1.24 – 1.40)  1.36 (1.25 – 1.48)  1.93 (1.76 – 2.12) 

Topography            

Unilateral 649 (37.2)  493 (76.0)  439 (67.6)  351 (71.2) 

Bilateral 1,080 (61.9)  902 (83.5)  803 (74.4)  780 (86.5) 

Unknown 17 (1.0)          

Relative risk (95% CI)   1.10 (1.04 - 1.16)  1.10 (1.03 - 1.17)   1.21 (1.14 - 1.29) 

Primary motor type            

Spastic 1,514 (86.7)  1,217 80.4  1,092 (72.1)  978 (80.4) 

Dyskinetic  98 (5.6)  88 89.8  78 (79.6)  81 (92.1) 

Other 117 (6.7)  90 76.9  72 (61.5)  72 (80.0) 

Unknown 17 (1.0)          

Relative risk (95% CI)**   1.12 (1.04 - 1.20)  1.10 (0.99 - 1.23)  1.15 (1.07 - 1.23) 

Epilepsy            

No 1,188 (68.1)  925 (77.9)  821 (69.1)  708 (59.6) 

Yes 493 (28.2)  443 (89.9)  393 (79.7)  404 (82.0) 

Unknown 65 (3.7)          

Relative risk (95% CI)  1.15 (1.11 – 1.20)  1.15 (1.09 – 1.23)  1.37 (1.29 - 1.46) 

Gastrostomy tube            

No 1,520 (87.1)  1,188 (78.2)  1,050 (69.1)  930 (61.2) 

Yes 221 (12.7)  212 (95.9)  194 (87.8)  207 (93.7) 

Unknown 5 (0.3)          

Relative risk (95% CI)  1.23 (1.18 – 1.27)  1.28 (1.20 – 1.35)  1.53 (1.45 – 1.61) 

ITB pump            

No 1,710 (97.9)  1,370 (80.1)  1,215 (71.0)  1,108 (64.8) 

Yes 30 (1.7)  29 (96.7)  28 (93.3)  28 (93.3) 

Unknown 6 (0.3)          

Relative risk (95% CI)  1.21 (1.12 – 1.29)  1.31 (1.19 – 1.45)  1.44 (1.30 – 1.59) 

Table 7.1 Description of the cerebral palsy cohort, and proportions that that hospital admissions over the seven-year study 
period 

[* GMFCS V vs GMFCS I; ** Dyskinetic vs Spastic. CP, cerebral palsy; GMFCS, Gross Motor Function Classification System; ITB, 
intrathecal baclofen] 
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  Same-day admissions  Multi-day admissions 

  0   ≥ 1 *  0   ≥ 1 ** 

  n (%)  Med IQR Max  n (%)  Med IQR Max 

Entire CP cohort 
(1,746) 

 500 (28.6)  3 2-6 40  608 (34.8)  3 1-6 82 

               

GMFCS level (n) I/II (1,089) 370 (34.0)  3 1-6 40  505 (46.4)  2 1-4 30 

 III-V (617) 112 (18.2)  4 2-6 20  84 (13.6)  4 2-8 82 

Topography (n) Unilateral (649) 210 (32.3)  4 2-7 40  298 (45.9)  2 1-4 30 

 Bilateral  (1,080) 277 (25.6)  3 2-6 35  300 (27.8)  3 2-7 82 

Motor type (n) Spastic  (1,514) 422 (27.9)  3 2-6 40  536 (35.4)  3 1-5 82 

 Dyskinetic (98) 20 (20.4)  4 2-7 18  17 (17.3)  4 2-8 33 

Epilepsy (n) No (1,188) 367 (30.9)  3 1-6 35  480 (40.4)  2 1-4 66 

 Yes (493) 100 (20.3)  4 2-7 40  89 (18.1)  4 2-9 82 

G-tube (n) No (1,520) 470 (30.9)  3 2-6 40  590 (38.8)  2 1-4 30 

 Yes (221) 27 (12.2)  4 2-7 18  14 (6.3)  8 4-14 82 

ITB pump (n) No (1,710) 495 (28.9)  3 2-6 40  602 (35.20  3 1-5 82 

 Yes (30) 2 (6.7)  6 3-10 17  2 (6.7)  8 6-13 36 

Table 7.2 Number of admissions over the study period among individuals in the cerebral palsy cohort 

p<0.05 for difference between dichotomised sub-groups of GMFCS, epilepsy, gastrostomy and ITB (Mann Whitney test for equality 
of distributions) 

** p<0.0001 for difference between dichotomised sub-groups of GMFCS, topography, epilepsy, gastrostomy, ITB pump, and p<0.001 
for difference between dichotomised sub-groups of motor type (Mann Whitney test for equality of distributions) 

[Med, median; Max, maximum; IQR, interquartile range (25th-75th percentile); CP, cerebral palsy; GMFCS, Gross Motor Function 
Classification System; ITB, intrathecal baclofen] 
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Cerebral palsy admission characteristics 

A higher proportion of the hospital admissions involving children functioning at GMFCS level 

V were classified as emergency (54%) and multi-day (68%) compared to those functioning at 

GMFCS levels I, II, III or IV. (Table 7.3) 

One-quarter of all admissions involving children classified as GMFCS V were due to 

respiratory diseases, compared to 12% of GMFCS IV admissions, and fewer than 6% of 

admissions involving those classified as GMFCS I, II or III (p<0.001 for the difference in 

distribution of primary diagnoses across the five levels of GMFCS).  

Admissions in children with better gross motor function were more likely to be due to 

diseases of the nervous system which includes diagnoses of cerebral palsy and seizures (43% of 

GMFCS I admissions and 41% of GMFCS II admissions) and diseases of the musculoskeletal 

system (9% of GMFCS I admissions, 10% of GMFCS II admissions and 17% of GMFCS III 

admissions). (Table 7.3) 
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  GMFCS I 
admissions 

 GMFCS II 
admissions 

 GMFCS III 
admissions 

 GMFCS IV 
admissions 

 GMFCS V 
admissions 

p 

 n (%)  n (%)  n (%)  n (%)  n (%)  

n (%) of all CP 
admissions 

2,398 (22.0)  2,533 (22.9)  1,187 (10.7)  1,651 (14.9)  3,125 28.2)  

Admission type               <0.001 

Emergency  510 (21.3)  581 (22.9)  212 (179)  581 (35.2)  1,694 (54.2)  

Elective 1,848 (77.1)  1,918 (75.7)  951 (80.1)  1,056 (64.0)  1,403 (44.9)  

Qualified newborn a 32 (1.3)  16 (0.6)  11 (0.9)  9 (0.6)  18 (0.6)  

Statistical b 8 (0.3)  18 (0.7)  13 (1.1)  5 (0.3)  10 (0.3)  

Length of admission               <0.001 

Same-day 1,585 (66.1)  1,560 (61.6)  658 (55.4)  717 (43.4)  1,014 (32.5)  

Multi-day 813 (33.9)  973 (38.4)  529 (44.6)  934 (56.6)  2,111 (67.5)  

Diagnostic Related Group Type              <0.001 

Medical 1,798 (75.0)  1,869 (73.8)  783 (66.0)  1,096 (66.4)  2,230 (71.4)  

Surgical 495 (20.6)  542 (21.4)  330 (27.8)  385 (23.3)  475 (15.2)  

Other 105 (4.4)  122 (4.8)  74 (6.2)  170 (10.3)  420 (13.4)  

Hospital location               <0.001 

Metropolitan 2,251 (93.9)  2,326 (91.8)  1,120 (94.4)  1,541 (93.3)  2,734 (87.5)  

Regional 147 (6.1)  207 (8.2)  67 (5.6)  110 (6.7)  391 (12.5)  

Primary Diagnosis Category              <0.001 

Nervous 1,046 (43.2)  1,054 (41.6)  369 (31.1)  436 (26.4)  523 (16.7)  

Respiratory 133 (5.6)  144 (5.7)  47 (4.0)  203 (12.3)  775 (24.8)  

Musculoskeletal 206 (8.6)  257 (10.2)  202 (17.0)  195 (11.8)  264 (8.5)  

Digestive 105 (4.4)  179 (7.1)  86 (7.3)  144 (8.7)  249 (8.0)  

Other  908 (37.9)  899 (35.5)  483 (40.7)  673 (40.8)  1314 (42.1)  

Table 7.3 Differences in admission characteristics across GMFCS levels 

a ‘Qualified Newborn’ = Admitted to special care nursery or neonatal intensive care units (NICUs), or the second or subsequent 
live born of a multiple birth, or remains in hospital after their mother is discharged from hospital, or is admitted to hospital 
without their mother. b statistical admission, change in care type within the same hospital (e.g. rehabilitation admission 
following a surgical admission 

 [CP, cerebral palsy; GMFCS, Gross Motor Function Classification System]  
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Differences between cerebral palsy and general population admissions  

Compared to the general population admissions, a smaller proportion of the cerebral palsy 

admissions were among 0-4 year olds (p<0.001). The cerebral palsy admissions were more 

evenly distributed across the four age groups. 

A higher proportion of the cerebral palsy admissions were classified as elective (65% vs 52%; 

p<0.001), same-day (51% vs 46%; p<0.001) and medical (71% vs 64%; p<0.001) compared to 

the admissions of the general childhood population. In addition, a higher proportion of the 

cerebral palsy admissions were to metropolitan hospitals than to hospitals located in regional 

areas (92% vs 78%; p<0.001). 

Overall, less variation was found within the assigned discharge diagnoses for children with 

cerebral palsy compared to the general population. Four categories of diagnoses – diseases of 

the nervous, respiratory, musculoskeletal and digestive systems, accounted for 60% of all 

cerebral palsy admissions compared to approximately 35% of general population admissions. 

The higher proportion of admissions due to neurological and musculoskeletal conditions 

among the cerebral palsy cohort compared to the general population accounted for most of 

this difference. (Table 7.4) 

As outlined in Table 7.5, the median length of stay and the median number of procedures per 

multi-day admission were higher for children with cerebral palsy compared to the general 

population of admitted children.  

Overall, the median length of stay for multi-day admissions among children with cerebral 

palsy was three nights. This compares to a median length of stay of two nights for other 

admitted children (p<0.0001). The between group difference in length of stay was greatest for 

admissions due to respiratory diseases. Children with cerebral palsy who were admitted to 

hospital for a respiratory illness had a median length of stay of three nights, compared to one 

night among other children admitted to hospital for a respiratory illness (p<0.0001). (Table 

7.5) 

Among children with cerebral palsy, the median number of procedures per multi-day 

admission was two. This compares to a median of one procedure for general population multi-

day admissions (p<0.0001). The between group difference in number of procedures was 

greatest for admissions that were classified as musculoskeletal admissions, during which 

children with cerebral palsy had a median of seven procedures, compared to three procedures 

among other children experiencing multi-day musculoskeletal admissions (p<0.0001) (Table 

7.5). 
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Overall, cerebral palsy admissions were more costly than general population admissions, as 

demonstrated by the higher WIES allocations. The difference in allocated funding was greatest 

for admissions due to diseases of the respiratory and musculoskeletal systems, which likely 

reflects the longer lengths of stay and greater number of procedures per multi-day admission 

experienced by children with cerebral palsy (described above). For cerebral palsy admissions 

due to respiratory diseases, the median WIES allocation was 42% higher than that allocated 

for general population respiratory admissions, and for musculoskeletal admissions, the 

median WIES allocation was 56% higher for admissions involving children with cerebral palsy. 

(Table 7.5)   
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 Cerebral palsy 
admissions 

(n=11,076) 

 General population 
admissions 

(n=971,572) 

 

 n (%)  n  (%) p 

Age at admission (years)      <0.001 

0-4  3,492 (31.5)  529,274 (54.5)  

5-9 4,149 (37.5)  208,599 (21.5)  

10-14 2,819 (25.5)  159,080 (16.4)  

15-18 616 (5.6)  74,619 (7.7)  

Admission type      <0.001 

Emergency  3,631 (32.8)  383,738 (39.5)  

Elective 7,293 (65.9)  504,254 (51.9)  

Maternity  0 (0)  1,489 (0.2)  

Qualified Newborn a 96 (0.9)  81,262 (8.4)  

Statistical b 56 (0.5)  829 (0.1)  

Length of admission      <0.001 

Same-day 5,618 (50.7)  442,016 (45.5)  

Multi-day 5,458 (49.3)  529,556 (54.5)  

Diagnostic Related Group Type      <0.001 

Medical 7,906 (71.4)  616,351 (63.5)  

Surgical 2,268 (20.5)  274,438 (28.3)  

Other 902 (8.1)  79,842 (8.2)  

Unknown       

Hospital location      <0.001 

Metropolitan 10,139 (91.5)  758,637 (78.1)  

Regional  937 (8.5)  212,935 (21.9)  

Primary Diagnosis Category      <0.001 

Nervous 3,484 31.5  49,004 5.1  

Respiratory 1,312 11.9  155,046 16.0  

Musculoskeletal 1,137 10.3  22,966 2.4  

Digestive 777 7.0  110,857 11.4  

Other  4,366 39.4  632,759 65.2  

Unknown 0 0  940 0.1  

Table 7.4 Comparison of cerebral palsy and general population admissions 

a ‘Qualified Newborn’ = Admitted to special care nursery or neonatal intensive care units 
(NICUs), or the second or subsequent live born of a multiple birth, or remains in hospital 
after their mother is discharged from hospital, or is admitted to hospital without their 
mother. b statistical admission, change in care type within the same hospital (e.g. 
rehabilitation admission following a surgical admission 

Missing values were excluded from Χ 2 analysis 

[Note: The VCPR confirms the cerebral palsy diagnosis of each registered case at age 5 
which is why the CP cohort included in this study comprised individuals born between 1st 
July, 1995 and 30th June, 2009, i.e. the youngest child was aged five years at the end of the 
study period – 30th June, 2014. Consequently, only those children who were born after 1st 
July, 2007 would have had their newborn admissions included. This explains why less than 
1% (n=96) of the CP admissions were classified as qualified newborn admissions.] 
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Primary diagnosis category Admissions Number of procedures a  Length of stay (days) b  WIES c 

Min Max Med IQR  Min Max Med IQR  n * Min Max Med IQR 

All diagnoses (n) General population (529,556) 0 40 1 0-2  1 729 2 1-4  421,826 0 262.28 0.62 0.46-1.10 

 CP (5,458) 0 40 2 1-5  1 284 3 1-6  5083 0.12 100.12 0.91 0.53-2.0 

Respiratory (n) General population (117,253) 0 40 0 0-2  1 214 1 1-2  98752 0.12 76.07 0.55 0.46-0.64 

 CP (1,154) 0 17 1 0-3  1 110 3 2-7  1132 0.32 48.81 0.88 0.52-1.35 

Nervous (n) General population (36,615) 0 37 1 0-2  1 359 1 1-4  17362 0.11 136.25 0.68 0.55-0.78 

 CP (893) 0 23 2 0-5  1 57 2 1-4  853 0.15 29.12 0.61 0.53-1.31 

Musculoskeletal (n) General population (11,777) 0 40 3 1-5  1 156 2 1-4  8320 0.13 66.64 1.04 0.65-2.30 

 CP (747) 0 21 7 5-10  1 147 3 1-6  705 0.23 49.49 2.3 1.05-2.93 

Digestive (n) General population (26,633) 0 40 2 0-3  1 399 2 1-3  23004 0 157.31 1.04 0.51-1.14 

 CP (298) 0 29 2 1-5  1 121 3 1-6  291 0.29 47.86 0.80 0.51-1.24 

Table 7.5 Number of procedures, length of stay and allocated funding for multi-day admissions, by disease category of the primary discharge diagnosis 

[CP, cerebral palsy, cerebral palsy; Min, minimum; Max, maximum; Med, median; IQR, interquartile range (25th-75th percentile); WIES, weighted inlier equivalent separation; 
musculo, musculoskeletal.]  

Number of admissions that were WIES fundable 

µ  There are cases where an admission is WIES fundable, but with no coded WIES, depending on the policy and funding guidelines for that financial year, hence some minimum 
values of 0. 

a p<0.0001 for difference in number of procedures between cerebral palsy and general population for all, respiratory, nervous, musculoskeletal, and digestive admissions 

b p<0.0001 for difference in length of stay between cerebral palsy and general population for all, respiratory, musculoskeletal, and digestive admissions, and p=0.0005 for 
musculoskeletal admissions 

c p<0.0001 for difference in WIES allocations between cerebral palsy and general population for all, respiratory and musculoskeletal admissions, and p>0.05 for nervous and 
digestive admissions
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7.6 Discussion 

This linkage study demonstrates the feasibility and utility of linkage between a population-

based cerebral palsy register and a hospital admission dataset. Key findings were that 1) 

compared to general population admissions, higher proportions of cerebral palsy admissions 

are elective and same-day, and occur in hospitals located in metropolitan areas; 2) children 

with cerebral palsy have longer lengths of stay and undergo more procedures per admission 

and as such, accrue higher costs, compared to other hospitalised children; and 3) among 

children with cerebral palsy, higher GMFCS level is associated with comparatively more same-

day and multi-day admissions, admissions for respiratory illnesses, and admissions that are 

classified as emergency. 

These findings are consistent with those of groups in the USA and Canada.252,253 In the USA, 

Murphy et al. (2006), using diagnostic codes to identify children with cerebral palsy, 

compared admissions between children with and without cerebral palsy, and reported longer 

lengths of stay and more procedures per admission for children with cerebral palsy.252 They 

also reported children with cerebral palsy to be more likely than other children to receive care 

in metropolitan and teaching hospitals located in urban areas. Although we were unable to 

obtain data on individual hospital type, we did find that cerebral palsy admissions were more 

likely to occur in hospitals in metropolitan areas, where all the major tertiary and paediatric-

specialist hospitals are located. Comparatively greater use of specialist hospitals in children 

with cerebral palsy may be attributed to higher levels of medical complexity including 

technology dependency and the subsequent need for specialist paediatric medical care. In 

addition, many interventions, for example single event multi-level surgery and intrathecal 

baclofen therapy, are usually delivered at tertiary centres. 

Other groups have also used diagnostic codes to identify children with cerebral palsy from 

hospital admissions datasets.257-259 As discussed in chapter 2, limitations associated with this 

methodology include a lack of data on cerebral palsy severity and complexity as well as the 

potential to miss cerebral palsy admissions where cerebral palsy is not listed as a discharge 

diagnosis. In addition, many of these datasets are not internally linked which means that 

researchers cannot investigate the frequency of admissions in individual patients or ascertain 

exactly how many patients are responsible for the admissions in question.257,259 On the other 

hand, linking a cerebral palsy register to an administrative health services dataset to 

investigate service use in this population offers a number of advantages. First, it allows 

researchers to investigate service use in well-defined populations or birth cohorts of children 
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with cerebral palsy. Second, it ensures greater accuracy of cerebral palsy diagnoses and 

eliminates the need to rely solely on hospital coding. Third, it allows more detailed analysis of 

how factors such as cerebral palsy severity and complexity affect the rate of medical service 

use in children with cerebral palsy. 

As discussed in chapter 3, the linkage of multiple datasets is most straight-forward when the 

various datasets use a common unique identifier. Such unique identifiers are assigned at birth 

in many countries including Norway, Sweden and Denmark; however, no such routinely 

captured unique identifier currently exists in Australia. For this reason, a combination of 

hospital identification codes, gender and date of birth were used to link the two datasets 

involved in this particular project. Nonetheless, we were able to successfully match over 90% 

of the selected cerebral palsy cohort to the VAED. 

Limitations 

The design of the VAED is such that all hospitals send a minimum dataset of admitted patient 

data related to their centre’s activities to the Victorian Department of Health and Human 

Services where the data are compiled into the VAED.  As such, when data errors or 

inconsistencies were picked up by the research team, it was not possible to go back to the 

original data source for verification. It is possible that some members of the cerebral palsy 

cohort were incorrectly matched; however, given the size of the study population and the 

large number of records, any errors would have been unlikely to influence our findings. 

Finally, although we received linked VAED data (i.e. person-level data) on the cerebral palsy 

cohort, we obtained only episode-level data on the controls. Consequently, it was not possible 

to ascertain the frequency of admissions in the control population or the actual number of 

children responsible for the admissions in question. 

7.7 Conclusions  

This project benefited from the use of a population-based cerebral palsy register and the 

ability to extract clinical data pertaining to the cerebral palsy cohort. The availability of 

patient-level, rather than episode-level data, on the cerebral palsy cohort meant that the 

frequency of admissions in individual patients could be ascertained. To maximise the clinical 

impact of this type of health services research, cerebral palsy registers should routinely collect 

information on comorbidities and medical device use which were shown to influence the risk 

of having a hospital admission in the current study.  

In addition to demonstrating a potential new use for cerebral palsy registers, findings from 

this study may also assist parents, medical professionals, and policy makers as, despite the fact 
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that cerebral palsy is the most common childhood-onset physical disability, little is known 

about how, and why, children with the condition are admitted to hospitals, whether this 

differs greatly from the general childhood population, and how it is influenced by cerebral 

palsy severity and complexity. This chapter has outlined how in Australia, cerebral palsy 

admissions differ from, and are more costly than, general childhood admissions, and how even 

within the cerebral palsy cohort, admission frequency and characteristics vary significantly.  

The goal of health services research is to identify ways to organize, manage, finance, and 

deliver high quality care that will protect and improve the health of individuals and 

populations.346 To achieve such a goal in the cerebral palsy population, future research could 

focus on unnecessary or overuse of hospital inpatient services, preventable admissions, 

admissions prior to death, and re-admissions following surgical procedures including the 

insertion of medical devices such as g-tubes. This type of research may identify priority areas 

for changes in current practice and facilitate education programs for individuals with cerebral 

palsy, their families, and care providers. The ultimate aim of this would be to reduce 

unnecessary hospital admissions and the associated negative impacts that they have on 

children and their families, ultimately improving patient care, outcomes and healthcare 

experiences.  
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7.8 Summary of chapter 7 

 

 

 

 

 

 

Figure 7.1 Summary of chapter 7 

The VCPR was successfully 

linked with the VAED, with 

almost 91% of the cerebral 

palsy cohort being positively 

matched with the admissions 

database. 
1,404 children with cerebral 

palsy (80%) had at least one 

admission to a Victorian 

hospital over the 7 year period, 

accounting for 11,155 hospital 

admissions during this time. Children functioning at GMFCS 

III-V, and those with epilepsy, 

gastrostomy tubes and/or ITB 

pumps had a greater number of 

both same-day and multi-day 

admissions. 
Compared to general childhood 

admissions, a higher proportion 

of cerebral palsy admissions 

were classified as elective 

and/or same-day, and took 

place at metropolitan hospitals.  For multi-day admissions, 

children with cerebral palsy had 

longer lengths of stay, more 

procedures, and accrued higher 

hospital costs than other 

hospitalised children. 
Diseases of the nervous, 

respiratory, musculoskeletal 

and digestive systems 

accounted for 60% of all 

cerebral palsy admissions 

compared to 25% of general 

childhood admissions. 



 

Page | 136 

 

 

 

 

 

 

  
Other medical service use and financial implications for families 

 



Chapter 8 | Other medical service use and financial implications 

Page | 137 

8.1 Background to chapter 

In Australia, all citizens are entitled to heavily subsidised general practitioner care and free in-

hospital care (including emergency and outpatient care). Waiting periods for elective surgery 

and outpatient care may apply. Individuals also have the option of accessing treatment in the 

private healthcare system, the main benefit of this being reduced waiting times for specialist 

appointments and elective surgeries; however, this is usually associated with out-of-pocket 

costs.347 General practitioners are the main providers of primary care to both adults and 

children, and a referral from a general practitioner is generally required to access specialist 

outpatient services, including specialist paediatric services, in both the public and private 

healthcare systems. Therefore, in Australia, general practitioners could be described as the 

“gatekeepers” of the health system. 

In light of the complex nature of cerebral palsy, and the occurrence of comorbidities that 

affect almost all of the organ systems, it is likely that many children with cerebral palsy will 

have multiple paediatric sub-specialists involved in their management. According to 

Rosenbaum (2003), “the goals of management should be to use appropriate combinations of 

interventions (including developmental, physical, medical, surgical, chemical, and technical 

modalities) to promote function, to prevent secondary impairments and, above all, to increase 

a child’s developmental capabilities”.348 However, there a lack of published data that describes 

in detail the type and number of medical specialists most often involved in the care of children 

with cerebral palsy, and how this varies depending on cerebral palsy severity and complexity. 

In addition, beyond anecdotal evidence, little is known about the financial burden, if any, 

experienced by the families of children and young people with complex medical care needs. 

8.2 Overall aim 

The overall aim of was to investigate the patterns of use of various medical services in a 

representative sample of children and young people with cerebral palsy, and investigate the 

role played by various child and family characteristics in determining the type and frequency 

of services used. This study was also designed to assess the financial burden, if any, 

experienced by families, attributable to their child’s additional medical care needs. 

8.3 Specific research questions 

1. What are the most common paediatric medical specialists consulted by children with 

cerebral palsy? 
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2. What clinical and demographic factors affect the number, frequency and types of 

medical specialists consulted by children with cerebral palsy? 

3. Do the parents and carers of children and young people with cerebral palsy experience 

financial hardship associated with the costs of providing adequate medical care for 

their children?  

8.4 Publication 

Full citation: Meehan E, Reid SM, Williams K, Freed GL, Sewell JR, Reddihough DS. Medical 

service use in children with cerebral palsy: the role of child and family characteristics. Journal 

of Paediatrics and Child Health. 2016: 52 (6); 621-27 
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Medical service use in children with cerebral palsy: The role of child
and family characteristics
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Aim: The aim of the study was to investigate the patterns of medical service use in children with cerebral palsy (CP), taking into account child
and family characteristics.
Methods: Nine hundred and one parents and carers of children registered with the Victorian CP Register were invited to complete a survey.
Participants were asked about their child’s appointments with general practitioners and public and private paediatric medical specialists over
the preceding 12months. Information on family characteristics and finances was also collected. Data on CP severity and complexity were
extracted from the CP Register.
Results: Three hundred and fifty parents and carers (39%) participated. Of these, 83% reported that their child had ≥1 appointment with a
general practitioner over the preceding 12months, while 84% had ≥1 appointment with a public or private paediatric medical specialist. Overall,
58% of children saw 2–5 different paediatric medical specialists, while 9% had appointments with ≥6 clinicians. Children with severe and complex
CP were more likely to have had ≥1 appointment with a publically funded paediatric medical specialist and had seen a greater number of
different clinicians over the study period. Family characteristics were not associated with service use.
Conclusions: Children with CP are managed by a number of paediatric medical specialists, and they continue to see a range of specialists
throughout adolescence. In Victoria, differences in service use are not based on family characteristics; instead the highest service users are
those with severe and complex CP. For this group, care co-ordination and information sharing between treating clinicians are important, if gaps
in care are to be avoided.
Key words: cerebral palsy; health expenditure; health service; service use.
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What is already known on this topic

1 Depending on the severity and complexity of their condition,
children and young people with CP are more likely than their
typically developing peers to experience poor health because
of epilepsy, feeding difficulties, compromised respiratory func-
tion and musculoskeletal pathologies.

2 As such, they have additional medical care needs and require
input from a range of medical disciplines.
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What this study adds

1 Most children with CP receive medical services from a number
of different providers, and this continues into adolescence and
early adulthood. Among this patient group, care co-ordination
and adequate information sharing between treating clinicians
are important, to prevent gaps in care arising.

2 Service use is influenced by CP severity and complexity, but not
by family characteristics, and in general, highest service use is
among children with a more severe gross motor impairment
and/or epilepsy.

3 Many families of children with CP experience financial difficul-
ties that they perceive to be attributable to the costs of provid-
ing medical care for their child.
Cerebral palsy (CP) is the most common cause of childhood
physical disability in developed countries world-wide, affect-
ing approximately two in every 1000 children.1 It is an
umbrella term for a group of permanent, but non-
progressive, disorders of movement or posture, caused by
an injury or insult to, or maldevelopment of, the developing
brain.2 Compared to their typically developing peers, chil-
dren with CP are at an increased risk of epilepsy, as well
as impairments of intellect, vision, speech and hearing, and
621
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progressive musculoskeletal pathologies, all of which
influence the severity and complexity of their condition.3

Approximately 29% of individuals with CP have a severe
gross motor impairment,4 and 30–40% have epilepsy.5,6

Children and young people with CP have medical care
needs beyond those of typically developing children, and their
health care requirements change over time.7 Early in life,
they are likely to see a number of medical specialists in
various settings as their diagnosis is confirmed.8 Medical and
surgical management throughout childhood and adolescence
is focussed on improving or maintaining functional abilities,
reducing the impact of co-impairments, preventing pain
and promoting independence, participation and quality of
life.9 Depending on the severity of the motor impairment,
and the number of co-impairments present, ongoing medical
management can involve specialists from a range of
disciplines.

While a number of groups have investigated how factors such
as CP severity and family characteristics affect the patterns of use
of therapy services in children and young people with CP,10–12

there has been little research to date investigating how such
factors affect medical service use in this population. The primary
aim of this study was to investigate the patterns of use of various
medical services in a representative sample of children and
young people with CP, taking into account child and family
characteristics. A secondary aim was to assess the financial
burden, if any, experienced by families, attributable to their
child’s additional medical care needs. A better understanding of
how children and young people with CP are using medical
services, and the factors that influence this, will assist tailoring
service delivery for this group.
Methods

This was a retrospective cross-sectional survey of parents and
carers of children and young people with CP. The study popula-
tion comprised individuals registered with the CP register for the
Australian state of Victoria who were born between 1995 and
2008. Those who were alive and able to be contacted for
research purposes in April 2014 were eligible. The study was
carried out at the Melbourne Children’s campus and was
approved by the Human Research Ethics Committee of the Royal
Children’s Hospital, Melbourne.
Data sources

Eligible parents or carers received a letter of invitation from
the manager of the CP register, followed by up to two phone
calls from another staff member. Participants could complete
the purposefully designed survey online, over the phone or
via mail. Verbal consent was obtained from those who com-
pleted the survey over the phone and written consent from
those who completed it online or via mail. The survey
contained questions about the child’s use of general practi-
tioner (GP) and publicly and privately funded paediatric
medical specialist services during the 12months prior to
survey completion. Participants were also asked about their
family and household (parent education, family composition,
622
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main income source and private health insurance status).
Finally, they were asked if their child’s CP had caused finan-
cial problems for the family over the previous 12months and
to describe the overall financial impact that the cost of pro-
viding medical care for their child with CP had on their fam-
ily over that period. Data on each individual’s age, severity of
gross motor impairment according to the Gross Motor Func-
tion Classification System (GMFCS), 13 epilepsy status and
area of residence were obtained from the CP register. Data
on whether or not they had a gastrostomy tube inserted
were also obtained from the CP register.

Statistical analysis

To gauge generalisability of the sample to the wider CP popula-
tion, descriptive analysis and comparisons between responders
and non-responders were conducted using chi-squared tests.
GMFCS levels were dichotomised (levels I–II as mild motor
impairment and levels III–V as moderate to severe motor im-
pairment). Among participants, household characteristics and
use of various services were tabulated, and chi-squared analysis
was used to test for equality of percentages between various
sub-groups. P-values were defined as the probability that differ-
ences between sub-groups as large as, or larger than, that ob-
served in this cohort could have arisen because of random
chance alone; a value of less than 0.05 was considered to pro-
vide strong evidence of difference. Statistical analysis was car-
ried out using STATA 13.1 (Stata Corp LP, College Station,
TX, USA).
Results

Overview of participants

In total, 901 parents and carers were invited to participate, of
which 350 (39%) completed the survey. Responders and non-
responders did not differ across the categories of sex (40% vs.
43% male; P = 0.401), GMFCS (P = 0.100) or epilepsy (29% vs.
30% with epilepsy; P = 0.772); however, children of responders
were more likely to have a gastrostomy tube in place (18% vs.
13%; P= 0.033) and to reside in metropolitan Melbourne (76%
vs. 70%; P = 0.043) (Table 1).

Of the 350 responders, 39% (n = 135) had a secondary school
education or lower, 22% (n= 79) had an apprenticeship,
diploma or other type of qualification and 39% (n= 136) had
an undergraduate or postgraduate degree. Most were from
two-parent households (n= 264; 76%), with at least one parent
in full-time employment (n = 213; 67%) (Table 2). The majority
of responders (n = 289; 85%) identified as being the biological
mother of the child with CP and 9% (n = 33) as being the child’s
biological father. The remainder (n = 18; 6%) comprised adop-
tive and foster parents, or grandparents who were the child’s
full-time carer.

Use of medical services

During the 12months prior to survey completion, 83% (n = 289)
of children had at least one appointment with a GP, 71% with a
public paediatric medical specialist and 38% with a private
Journal of Paediatrics and Child Health 52 (2016) 621–627
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Table 1 Differences between responders and non-responders

Invited Responders Non-responders P-value †

n (%) n (%) n (%)

Total 901 (100.0) 350 (39.0) 551 (61.0)

Sex 0.401

Female 376 (41.7) 140 (40.0) 236 (42.8)

Male 525 (58.3) 210 (60.0) 315 (57.2)

GMFCS level 0.100

I 245 (27.1) 95 (27.4) 150 (27.4)

II 254 (28.1) 83 (23.9) 171 (31.3)

III 122 (13.5) 56 (16.1) 66 (12.1)

IV 157 (17.4) 63 (18.2) 94 (17.2)

V 115 (12.8) 50 (14.4) 65 (11.9)

Unknown 8 (1.0) 3 5

Epilepsy 0.772

No 627 (69.6) 246 (70.7) 381 (69.8)

Yes 267 (29.6) 102 (29.3) 165 (30.2)

Unknown 7 (0.8) 2 5

Gastrostomy tube inserted 0.033

No 765 (84.9) 286 (81.7) 479 (86.9)

Yes 136 (15.1) 64 (18.3) 72 (13.1)

Area of residence 0.043

Metropolitan Melbourne 648 (71.9) 265 (75.7) 383 (69.5)

Regional Victoria 253 (28.1) 85 (24.3) 168 (30.5)

†Chi-squared test for equality of percentages in the two groups. Missing values for GMFCS level and epilepsy were excluded from chi-squared analysis.

GMFCS, Gross Motor Function Classification System.
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paediatric medical specialist. Combined, 84% (n = 293) had at
least one appointment with a paediatric medical specialist in
either the public or private health care system over the previous
year (Table 3).

The proportions of children that had seen GPs and private
paediatric medical specialists did not vary according to age,
GMFCS level, epilepsy status or between those who did and
did not have a gastrostomy tube in place, or according to the ed-
ucation level of the survey responder, household type or income
source (P> 0.05). However, those residing in regional Victoria
(P=0.039) and those with private health insurance (P< 0.001)
were more likely than others to have seen a private paediatric
medical specialist over the preceding 12months.

The proportions of children that had seen public paediatric
medical specialists did vary according to age as well as CP
severity and complexity. Specifically, children who were aged
5–9 years, were classified as GMFCS III–V, had a co-diagnosis
of epilepsy or had a gastrostomy tube in place were more likely
to have seen at least one public paediatric medical specialist
during the previous 12months compared with those with who
did not fulfil any of these criteria (P< 0.001) (Table 3).
Number of services used

During the 12months prior to survey completion, 58% of
children (n = 202) had appointments with between two and
five different paediatric medical specialists, and 9% (n = 32)
had appointments with six or more. When appointments
with GPs were included, 65% (n = 229) of children had
Journal of Paediatrics and Child Health 52 (2016) 621–627
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appointments with between two and five different medical
professionals, and 17% (n=59) had appointments with six or
more. Children classified as GMFCS III–V and younger chil-
dren were more likely than those classified as GMFCS I/II
and older children to have seen a greater number of different
paediatric medical specialists over the study period. However,
older children and adolescents continued to use a number of
different paediatric medical services, with almost one-half of
those aged 15–19 years seeing between two and five paediatric
specialists over the previous 12months (Table 4).

The types of publically funded medical specialists most com-
monly seen across all GMFCS levels were general/developmen-
tal paediatricians (n = 194), paediatric orthopaedic surgeons
(n= 149), paediatric rehabilitation specialists (n = 73) and paedi-
atric neurologists (n = 66). Of the 133 parents/carers to report
that their child had at least one appointment with a paediatric
medical specialist in the private health care system, the majority
reported seeing a general/developmental paediatrician (n = 74)
or orthopaedic surgeon (n = 53). With the exception of ophthal-
mologists, relatively few other paediatric medical specialists were
consulted privately.
Financial impact

As outlined in Table 2, 34% of responders (n= 115) reported
that their families had experienced financial problems attribut-
able to their child’s medical issues over the previous
12months, and 16% (n=55) described the financial impact
of providing medical care for their child with CP to be ‘large’
623



Table 2 Family characteristics

GMFCS level

All (n = 350) I/II (n = 178) III–V (n = 169) P-value†

n (%) n (%) n (%)

Level of education (survey responder) 0.987

Secondary school incomplete 71 (20.4) 34 (19.3) 36 (21.4)

Secondary school complete 64 (18.6) 34 (19.3) 30 (17.9)

Undergraduate degree 85 (24.4) 44 (25.0) 40 (23.8)

Postgraduate degree 51 (14.7) 26 (14.8) 25 (14.9)

Diploma/certificate/apprenticeship/other 76 (21.9) 38 (21.6) 37 (22.0)

Unknown 3 2 1

Household type 0.378

Two-parent household 264 (76.1) 134 (76.1) 127 (75.6)

One-parent household 73 (21.0) 39 (22.2) 34 (20.2)

Other 10 (2.9) 3 (1.7) 7 (4.2)

Unknown 3 2 1

Main source of income 0.063

≥1 parent in full-time employment 231 (66.6) 120 (68.2) 108 (64.3)

≥1 parent in part-time employment 54 (15.6) 33 (18.8) 21 (12.5)

Pension 56 (16.1) 21 (11.9) 35 (20.8)

Other 6 (1.7) 2 (1.1) 4 (2.4)

Unknown 3 2 1

Private health insurance 0.721

Yes 187 (53.9) 93 (52.8) 92 (54.8)

No 160 (46.1) 83 (47.2) 76 (45.2)

Unknown 3 2 1

Financial problems caused by the child’s medical issues 0.003

Yes 115 (34.0) 46 (26.9) 69 (42.1)

No 223 (66.0) 125 (73.1) 95 (57.9)

Unknown 12 7 5

Overall financial impact of providing medical care for the child with CP 0.016

None/very little impact 133 (38.6) 80 (45.5) 51 (30.7)

Some/moderate impact 157 (45.5) 73 (41.5) 83 (50.0)

Large/huge impact 55 (15.9) 23 (13.1) 32 (19.3)

Unknown 5 2 3

†Chi-squared test for equality of percentages in the two GMFCS subgroups. Missing values were excluded from chi-squared analysis. CP, cerebral palsy;

GMFCS, Gross Motor Function Classification System.
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or ‘huge’. Although the families of children classified as
GMFCS III–V were similar to those of children classified as
GMFCS I/II in terms of family composition and main source
of income (P> 0.05), the parents and carers of children and
young people classified as GMFCS III–V were more likely
to report having experienced financial problems attributable
to their child’s medical issues during the 12months prior to
survey completion (42% vs. 27%, P=0.003). They were also
more likely to describe the financial impact of providing med-
ical care for their child with CP to be ‘large’ or ‘huge’ (19%
vs. 13%, P= 0.016). When those who had at least one
appointment with a private paediatrician were compared with
those who had not, there were no differences in the propor-
tions reporting having experienced financial problems due to
their child’s medical issues (38% vs. 32%; P= 0.292) or in
the proportions reporting the financial impact of providing
medical care for their child to be ‘large’ or ‘huge’ (16% vs.
16%; P= 0.704).
624
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Discussion

Using a representative sample of children and young people with
CP, this study investigated how child and family characteristics
influence how this group uses various medical services. The
key findings were as follows: (i) differences in medical service
use were largely associated with CP severity and complexity
and not by family characteristics; (ii) most children received
medical services from many different types of medical profes-
sionals; (iii) the number of different services used remained high
among older children and adolescents; and (iv) many families
experienced financial problems attributable to their child’s
medical issues.
Differences in patterns of service use

Among this group, CP severity and complexity influenced the
use of public paediatric medical specialist services but not GP or
Journal of Paediatrics and Child Health 52 (2016) 621–627
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Table 3 Proportion of children who had at least one appointment with a general practitioner and various paediatric medical specialists during the

12 months prior to survey completion

≥1 appointment with

a general practitioner

≥1 appointment with public

paediatric medical specialist‡

≥1 appointment with private

paediatric medical specialist§

(n) n (%) P-value† n (%) P-value† n (%) P-value†

All participants (350) 289 (82.6) 249 (71.4) 133 (38.1)

Child factors

Age 0.968 0.001 0.857

5–9 years (106) 87 (82.1) 87 (82.1) 41 (38.7)

10–14 years (132) 110 (83.3) 97 (73.5) 52 (39.4)

15–19 years (112) 92 (82.9) 65 (58.6) 40 (36.0)

GMFCS level 0.501 <0.001 0.493

I–II (178) 150 (84.3) 112 (62.9) 71 (39.9)

III–V (169) 137 (81.6) 135 (80.4) 61 (36.3)

Unknown (3)

Epilepsy 0.269 <0.001 0.677

No (246) 207 (84.2) 163 (66.3) 96 (39.0)

Yes (102) 80 (79.2) 86 (85.2) 37 (36.6)

Unknown (2)

Gastrostomy tube inserted 0.242 <0.001 0.389

No (286) 240 (83.9) 192 (67.1) 112 (39.2)

Yes (64) 49 (77.8) 57 (90.5) 21 (33.3)

Parent report of child’s health 0.008 0.002 0.197

Excellent/very good (214) 167 (78.0) 139 (65.0) 74 (34.6)

Good (95) 84 (88.4) 75 (79.0) 43 (45.3)

Fair/poor (40) 38 (95.0) 35 (87.5) 16 (40.0)

Unknown (1)

Household and family factors

Level of education (survey responder) 0.760 0.946 0.740

Secondary school incomplete (71) 58 (81.7) 48 (67.6) 27 (38.0)

Secondary school complete (64) 55 (85.9) 46 (71.9) 21 (32.8)

Undergraduate degree (85) 67 (78.8) 61 (71.8) 31 (36.5)

Postgraduate degree (51) 44 (86.3) 37 (72.6) 23 (45.1)

Diploma/certificate/apprenticeship/other (76) 63 (82.9) 56 (73.7) 30 (39.5)

Unknown (3)

Household type 0.955 0.796 0.351

Two-parent household (264) 218 (82.6) 187 (70.8) 106 (40.2)

One-parent household (73) 61 (83.6) 53 (72.6) 23 (31.5)

Other (10) 8 (80.0) 8 (80.0) 3 (30.0)

Unknown (3)

Main source of income 0.449 0.280 0.061

≥1 parent in full-time employment (231) 190 (82.3) 158 (68.4) 99 (42.9)

≥1 parent in part-time employment (54) 42 (77.8) 41 (75.9) 17 (31.5)

Pension (56) 50 (89.3) 45 (80.4) 14 (25.0)

Other (6) 5 (83.3) 4 (66.7) 2 (33.3)

Unknown (3)

Private health insurance 0.342 0.384 <0.001

Yes (187) 158 (84.5) 130 (69.5) 93 (49.7)

No (160) 129 (80.6) 118 (73.8) 39 (24.4)

Unknown (3)

Area of residence 0.396 0.417 0.039

Metropolitan Melbourne (265) 222 (83.8) 192 (72.5) 93 (35.1)

Regional Victoria (85) 67 (79.8) 57 (67.9) 40 (47.6)

†Chi-squared test for equality of percentages in the various subgroups. Missing values were excluded from chi-squared analysis. ‡Publically funded general/

developmental paediatrician, paediatric neurologist, paediatric neurosurgeon, paediatric gastroenterologist, paediatric cardiologist, paediatric respiratory

physician, paediatric orthopaedic surgeon, paediatric ear, nose and throat surgeon, paediatric rehabilitation specialist and paediatric ophthalmologist §Pri-

vately funded paediatric medical specialist (as listed previously). GMFCS, Gross Motor Function Classification System.
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Table 4 Total number of different medical services used

Number of different services received

None 1 only 2–3 4–5 6 or more P-value†

All (n)

Public/private paediatrician‡ (350) 57 (16.3) 59 (16.9) 129 (36.9) 73 (20.9) 32 (9.1)

GP or public/private paediatrician (350) 15 (4.3) 49 (14.0) 120 (34.3) 107 (30.6) 59 (16.9)

GMFCS level (n) <0.001

Public/private paediatrician‡

I/II (178) 36 (20.2) 43 (24.2) 59 (33.2) 28 (15.7) 12 (6.8)

III–V (169) 21 (12.4) 15 (8.9) 69 (40.8) 44 (26.0) 20 (11.8)

GP or public/private paediatrician 0.001

I/II (178) 9 (5.1) 32 (18.0) 72 (40.5) 40 (22.5) 25 (14.0)

III–V (169) 6 (3.6) 17 (10.1) 46 (27.2) 66 (39.1) 34 (20.1)

Age (years) (n)

Public/private paediatrician‡ 0.029

5–9 (106) 10 (9.4) 15 (14.2) 43 (40.6) 25 (23.6) 13 (12.3)

10–14 (132) 18 (13.6) 22 (16.7) 50 (37.9) 32 (24.2) 10 (7.6)

15–19 (112) 29 (25.9) 22 (19.6) 36 (32.2) 16 (14.3) 9 (8.0)

GP or public/private paediatrician 0.061

5–9 (106) 3 (2.8) 9 (8.5) 35 (33.0) 36 (34.0) 23 (21.7)

10–14 (132) 4 (3.0) 16 (12.1) 47 (35.6) 42 (31.8) 23 (17.4)

15–19 (112) 8 (7.1) 24 (21.4) 38 (33.9) 29 (25.9) 13 (11.6)

†Chi-squared test for equality of percentages in the subgroups of age and GMFCS. Missing values were excluded from chi-squared analysis. ‡Publically or

privately funded general/developmental paediatrician, paediatric neurologist, paediatric neurosurgeon, paediatric gastroenterologist, paediatric cardiolo-

gist, paediatric respiratory physician, paediatric orthopaedic surgeon, paediatric ear, nose and throat surgeon, paediatric rehabilitation specialist and pae-

diatric ophthalmologist. GMFCS, Gross Motor Function Classification System; GP, general practitioner.
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private paediatric specialist services. Specifically, during the
12months prior to survey completion, children with more
severe and complex CP were most likely to have had at least
one appointment with a paediatric medical specialist in the
public health care system, but there were no differences across
categories of GMFCS and epilepsy in the proportions that had
seen a GP or privately funded paediatric medical specialist. This
suggests that children with milder forms of CP are more likely
to use services in the community, for example, GPs and commu-
nity-based paediatricians, whereas children with more severe
and complex CP are more likely to be managed by hospital-
based paediatricians. Differences in service use were not found
to be associated with parent education, family composition,
income source or private health insurance status. Instead,
the highest service use was found consistently in those with
severe and complex CP, who would be expected to have the
greatest medical care needs. As such, it seems that the delivery
of publically funded medical services is equitable, if equity is
defined by service delivery according to need. However, our
data do not tell us if service delivery is adequate in terms of
health care needs.
Information sharing and care co-ordination

For children who have multiple people involved in their
medical care, the potential to experience gaps in care is
high.14 In this study, we found that many children with CP
had appointments with a combination of different medical
626
© 20
specialists over a 12-month period. This information provides
further evidence for the need for adequate systems of infor-
mation sharing between service providers involved in the
care of children with CP and for formal systems of care co-
ordination to be in place. Of note, a high proportion of 15-
to19-year-olds had seen a range of different paediatric
medical specialists, confirming that in this population, the need
for multi-disciplinary medical care does not end in childhood
but continues into adolescence and early adulthood. This rein-
forces the need for adult medical care providers that are familiar
with childhood-onset disabilities.

Financial burden

Despite being entitled to publically funded medical care, many
parents and carers, particularly those of children with more
severe CP, reported that their family had experienced financial
problems attributable to their child’s medical issues during the
12months prior to survey completion. It is well known that
the parents of children with disabilities experience additional
direct and indirect costs related to their child’s disability.15 Given
that there were no differences between those who did and did
not utilise private paediatric services in the proportions that
reported experiencing financial difficulties, it is likely that the
financial problems experienced are not due to paying for medical
care directly but due to indirect costs. These could include costs
associated with medications, equipment and travel or loss of in-
come due to being unable to work or having repeated absences
from work due to appointments and caring for an acutely ill child.
Journal of Paediatrics and Child Health 52 (2016) 621–627
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Strengths and limitations

There may be differences between participants and non-
participants on characteristics that we were unable to
measure. The collection of data on service use from parents
retrospectively introduces the potential for recall error. In
addition, the survey design did not allow information to be
gathered on the specific contributors to the financial burden
experienced by families. The strengths of this study lie in
the recruitment of participants from a population-based CP
register; this allowed for the use of clinical data on CP sever-
ity and complexity in the analysis and enabled some compar-
isons to be made between responders and non-responders.
Conclusions

In recent years, there has been growing interest in the patterns of
service use in children with complex medical conditions.16–19

They are known to be high utilisers of medical services, and it
is thought that by understanding how they use various services,
aspects of care delivery such as care co-ordination can be
improved, leading to an improvement in health care outcomes
and a reduction in unnecessary service use.20 This study adds
to the existing literature by providing an Australian perspective
for children and young people with CP, uncovering how factors
such as severity and complexity and family characteristics influ-
ence medical service use in this complex patient group.

This information has implications for families, medical profes-
sionals and planners. For parents and carers, the finding that the
need for medical care from a range of disciplines remains
throughout childhood and adolescence may prompt them to
think about their child’s needs going forward and the impor-
tance of appropriate transition to adult care. Those involved in
the care of children with CP should appreciate the importance
of adequate information sharing within and across organisations
and begin planning for transition to adult services during the
early adolescent years.

For policymakers and decision makers, information about the
nature of children receiving services and knowledge about the
types of services being used may be useful in addressing gaps
in care, while supporting initiatives to improve inter-organisa-
tion co-ordination of service delivery. Such initiatives may
include additional funding for care co-ordinators for children
and young people with complex medical conditions, to assist
parents in navigating the health care system, co-ordinating
multiple appointments and assisting with transition to adult care.
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8.5 Additional data tables 

 Poor/Fair  Good  Very good/ 

Excellent 

 

 n (%)  n (%)  n (%) p-value 

All (n=349) 40 (11.4)  95 (27.2)  214 (61.3)  

GMFCS level         0.124 

I-II (n=178) 15 (8.4)  46 (25.8)  117 (65.7)  

III-V (n=168) 24 (14.3)  49 (29.2)  95 (56.6)  

Epilepsy         <0.001 

No (n=246) 17 (6.9)  58 (23.6)  171 (69.5)  

Yes (n=101) 23 (22.8)  37 (36.6)  41 (40.6)  

Gastrostomy tube         <0.001 

No (n=286) 23 (8.0)  70 (24.5)  193 (67.5)  

Yes (n=63) 17 (27.0)  25 (39.7)  21 (33.3)  

Table 8.1 Parent report of their child’s general health 

[GMFCS, Gross Motor Function Classification System] 

 

 All             
(n=350) 

 GMFCS I-II 
(n=178) 

 GMFCS III-V 
(n=168) 

Communication between doctors n (%)  n (%)  n (%) 

Very/somewhat satisfied  278 (79.4)  137 (77.0)  138 (81.7) 

Somewhat/very dissatisfied  35 (10.0)  14 (7.9)  21 (12.4) 

Communication not needed  26 (7.4)  18 (10.1)  8 (4.7) 

No response 11 (3.1)  9 (5.1)  2 (1.2) 

Table 8.2 Parent report of their satisfaction with the level of communication between their 
child’s doctors 

[χ2p = 0.073 (missing values excluded from analysis)] 

[GMFCS, Gross Motor Function Classification System] 

 

 All             
(n=350)  

 GMFCS I-II 
(n=178) 

 GMFCS III-V 
(n=168) 

Support from friends and family n (%)  n (%)  n (%) 

Very/somewhat satisfied 251 (71.7)  137 (77.0)  111 (65.7) 

Somewhat/very dissatisfied 72 (20.6)  23 (12.9)  49 (29.0) 

Support not needed or wanted 20 (5.7)  13 (7.3)  7 (4.1) 

No response 7 (2.0)  5 (2.8)  2 (1.2) 

Table 8.3 Parent report of their satisfaction with the level of support available to them from 
family and friends 

[χ2p = 0.001 (missing values excluded from analysis)] 

[GMFCS, Gross Motor Function Classification System]   
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 All             
(n=350) 

 GMFCS I-II 
(n=178) 

 GMFCS III-V 
(n=168) 

Help coordinating child’s care n (%)  n (%)  n (%) 

No 297 84.9  155 (87.1)  139 (82.7) 

Yes 50 14.3  21 (11.8)  29 (17.3) 

No response 3 0.9  2 (1.1)  1 (0.6) 

Table 8.4 Proportion of parents who reported they had help coordinating their child’s medical care 

[χ2p = 0.161 (missing values excluded from analysis)]  
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8.6 Summary of chapter 8 

 

 

 

 

 

 

Figure 8.1 Summary of chapter 8 

The types of publically-funded 

paediatric specialists most often 

were general/developmental 

paediatricians, orthopaedic 

surgeons, rehabilitation specialists, 

and neurologists. 
General/developmental 

paediatricians, paediatric 

orthopaedic surgeons and 

ophthalmologists were the types 

of specialists seen most commonly 

in the private healthcare system. 
Most children with cerebral palsy 

receive medical services from a 

number of different providers, in 

multiple different settings, and this 

continues into adolescence and 

early adulthood. 

Many families, particularly those 

of children with severe cerebral 

palsy, experience financial 

difficulties that are attributable to 

the costs of providing medical care 

for their child. 

Service use was influenced by 

cerebral palsy severity and 

complexity, but not by family 

characteristics. Highest frequency 

of service use was among children 

with a severe gross motor 

impairment and/or epilepsy. 
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9.1 Summary of the thesis  

In chapter 1, the factors that contribute to the severity and complexity of cerebral palsy were 

outlined in detail, demonstrating the complex medical care needs of this patient group. It was 

evident from the body of available literature that much is known about cerebral palsy, the 

common medical comorbidities associated with the condition, and the current best available 

medical and surgical management approaches for individual children. 

The relevant literature pertaining to medical service use in this population was outlined in 

detail in chapter 2. It was evident that there is a paucity of health services research specifically 

investigating service use among children with cerebral palsy. It was also identified that in 

general, previous research was specific to the country in which it was carried out, most often 

the USA, and thus, had limited generalisability to other countries, including Australia. 

A major limitation of previous research was the lack of information on cerebral palsy severity 

and complexity in study participants, which limited the inferences that could be made in 

terms of identifying potential risk factors for frequent or inappropriate service use. 

Consequently, despite the fact that much is known about cerebral palsy and the best medical 

and surgical management options for individual children, it became evident that little is 

known about the best approaches for optimal healthcare delivery for this patient group as a 

whole. 

The specific aims and methodology of the current study, and how the chosen methods had the 

potential to address many of the limitations of previous studies, were outlined in chapter 3. In 

summary, this thesis benefited from the use of a population-based cerebral palsy register 

which included data on cerebral palsy severity and complexity, and data linkage techniques 

that would enable the patterns of service use among population cohorts of children with 

cerebral palsy to be explored. The ability to contact families registered with the VCPR 

facilitated the collection of additional data directly from parents. 

In light of the absence of any previous research looking specifically at ED use among children 

with cerebral palsy, an investigation of the patterns of tertiary paediatric ED use and statewide 

ED use are outlined in chapter 4 and chapter 5 respectively. Similar patterns were identified 

through both analyses, that is, children with more severe and complex cerebral palsy had 

more ED presentations overall, more ED presentations that were triaged as urgent, and a 

greater likelihood of requiring a hospital admission following an ED presentation. Of note, 

many children with cerebral palsy were travelling significant distances from regional areas to 

attend a paediatric ED located in metropolitan Melbourne for less urgent complaints, 
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suggesting that there may be some inappropriate use of paediatric ED services among this 

group, as is the case in the general childhood population.327 

Analysis of the tertiary paediatric hospital admissions data and the statewide admissions data, 

presented in chapter 6 and chapter 7 respectively, demonstrated that compared to other 

hospitalised children, children with cerebral palsy had a higher proportion of admissions that 

were classified as elective and same-day. In addition, a higher proportion of admissions among 

children with cerebral palsy occurred at metropolitan, rather than regional, hospitals. Cerebral 

palsy admissions therefore, were more resource intensive than those of other children, and 

ultimately accrued higher healthcare costs.  

One limitation of using administrative health services data was the inability to collect detailed 

socio-demographic and qualitative data. The potential to contact many families registered 

with the VCPR facilitated a survey to be carried out with parents, the findings of which are 

presented in chapter 8. This survey provided a wealth of data which highlighted the range of 

other medical services accessed by children with cerebral palsy in outpatient settings both in 

hospitals and in the community. These data provided an insight into the use of medical 

services throughout the lifespan, and indicated that, in general, service use among children 

with cerebral palsy is influenced by severity and complexity of the condition, but not by family 

characteristics. Many families, particularly those of children who were classified as functioning 

at GMFCS levels IV and V, reported experiencing financial difficulties as a consequence of 

their child’s additional medical care needs. 

It became clear that among children with cerebral palsy, the need for multidisciplinary 

medical care, and for many, the occurrence of frequent hospital admissions and ED 

presentations, starts early in life and continues into adolescence and early adulthood. 

9.2 Overview of the main findings and how they address the aims of the thesis 

Through a series of data linkage studies, this thesis has demonstrated the feasibility and utility 

of using a cerebral palsy register for health services research. The main findings were that in 

the Australian state of Victoria, 1) children with cerebral palsy, particularly those with a severe 

gross motor impairment, account for a disproportionate amount of ED presentations and 

hospital admissions in their age group; 2) most children with cerebral palsy receive medical 

services from various providers in multiple settings, and this continues into adolescence and 

early adulthood; 3) cerebral palsy severity and complexity influence the type, frequency and 

characteristics of medical services used; 4) new technologies and medical and surgical 

management options are driving a substantial proportion of hospital activity among children 
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with cerebral palsy; 5) residents of rural areas are more likely than those of metropolitan areas 

to use privately funded services, and a significant proportion of children living in rural areas 

travel to metropolitan hospitals for emergency care even for less urgent complaints; and 6) 

despite being entitled to publically funded medical care, many families of children with 

cerebral palsy experience financial problems directly attributable to their child’s additional 

medical care needs. 

These findings and how they address the aims of this thesis, as well as the wider implications 

are summarised over the following pages. 

Aim 1: To describe the patterns of medical service use among children and young 

people with cerebral palsy  

In Victoria, children with cerebral palsy receive input from a wide range of medical specialists, 

including general and developmental paediatricians, paediatric neurologists, paediatric 

rehabilitation specialists, and paediatric orthopaedic surgeons. In addition, many experience 

multiple planned and un-planned hospital admissions, as well as ED presentations. The 

number of professional involved in their care, and the number of ED presentations and 

hospital admissions all rose with increasing cerebral palsy severity and complexity. 

Among the cerebral palsy cohort, older children and adolescents continued to account for a 

significant proportion of all ED presentations and hospital admissions in this group. This 

differs from the pattern of use in the general childhood population, in which young children 

aged 0-4 years are the age group with the greatest number of hospital episodes.286,343 As well 

as reflecting their increased susceptibility to acute illness and other events that require 

hospital care throughout the lifespan, this is also reflective of the need for surgical procedures 

and other interventions among children with cerebral palsy as they grow. 

Data obtained directly from parents, presented in chapter 8, indicate that individuals with 

cerebral palsy continue to have multiple care providers involved in their medical management 

throughout childhood and adolescence and into early adulthood. This confirms that the need 

for multidisciplinary medical care in this group does not end once an individual reaches 

adulthood, and re-enforces the need for formalised systems of care transition to adult services 

and for adult care providers that are familiar with managing childhood-onset disabilities. 

New technologies and treatment options appeared to influence a substantial proportion of 

hospital admissions and ED presentations among this group. For example, over one-half of 

same-day admissions at the state’s two paediatric hospitals were for botulinum toxin-A 

injections (chapter 6), and almost 10% of ED presentations to these two hospitals were 
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secondary to device complications (chapter 8). This is reflective of the growing number of 

treatment options now available to manage the various medical problems experienced by 

children with cerebral palsy. However, the potential need for frequent medical attention is 

something that should be discussed when the insertion of such devices is being considered by 

clinicians and families. 

Aim 2: To identify the clinical, demographic and other factors associated with the 

frequency and type of medical services used by children and young people with 

cerebral palsy 

Among children with cerebral palsy, the severity of the gross motor impairment (GMFCS 

level), the presence of comorbidities such as epilepsy, and technology dependency were found 

to affect the frequency, type and characteristics of medical services used. In chapters 4, 5, 6 

and 7, it was outlined how children classified as functioning at GMFCS levels IV and V 

accounted for a disproportionate amount of ED presentations and hospital admissions among 

the CP cohort. Finally, in chapter 8, data obtained directly from parents indicated that this 

group of children with severe and complex CP saw more medical professionals in outpatient 

settings, both in hospitals and in the community. 

For this group of children with severe and complex cerebral palsy, poor gastrointestinal and 

respiratory health drove a substantial proportion of their hospital admissions and ED 

presentations. Many children with cerebral palsy that were classified as functioning at GMFCS 

levels I and II were still using services frequently, but for different reasons. For example they 

were most likely to present to the ED with seizures (chapter 4), and to be admitted to hospital 

for factors directly related to their movement disorder, such as for botulinum-toxin A 

injections or orthopaedic surgery (chapter 6). 

Data collected from the parent survey, outlined in chapter 8, revealed that residents of 

regional Victoria were more likely than those living in cities to have used privately-funded 

medical services. In addition, analysis of the tertiary paediatric ED data, outlined in chapter 4, 

found a significant proportion of residents of regional Victoria were travelling to metropolitan 

Melbourne for ED care. Research conducted by the Australian Institute of Health and Welfare 

in 2015 which included both adults and children also found that throughout Australia, people 

with a disability living in outer regional and remote areas were less likely than those living in 

major cities to have seen a general practitioner or medical specialist in the preceding 12 

months but more likely to have visited an ED.349 These findings suggest that that residents of 
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regional Australia that have disabilities face multiple barriers when seeking appropriate 

healthcare, including limited numbers of local primary care and specialist doctors.350 

Aim 3: To compare the characteristics of hospital admissions and ED presentations 

among children with cerebral palsy with those of other children of a similar same age 

As outlined in chapter 5 and chapter 7, the hospital admissions and ED presentations that 

children with cerebral palsy experience are more complex than those of other children. 

Specifically, their ED presentations are more likely to be preceded by an ambulance arrival, to 

be triaged as being of higher urgency, and to proceed to hospital admission. Compared to 

other children admitted to hospital, children with cerebral palsy undergo more procedures per 

admission, have longer lengths of stay, and ultimately, accrue higher hospital costs. As such, 

this small proportion of children are accounting for a disproportionate amount of paediatric 

healthcare expenditure in Victoria. 

This may have implications for the cost recovery models used by hospitals. At present, casemix 

funding, a system of funding allocation based on a hospital’s activity (e.g. the types and 

number of patients treated) is the model used to administer funding to Victorian public 

hospitals. In summary, every inpatient treated by a hospital is classified into a Diagnostic 

Related Group (DRG) based on their principal and secondary diagnoses assigned upon 

discharge and the resources used during their admission. Each DRG has a single cost weight 

that is applied to each inpatient episode classified to that DRG, and subsequently, every 

inpatient episode is funded at a flat rate based on the assigned cost weight.  Limitations of this 

funding model include the fact that a hospital receives the same amount of funding for every 

inpatient episode assigned to a particular DRG despite the fact that some patients require 

additional care, even within the same DRG. This is particularly relevant for tertiary hospitals 

which, by definition, treat more complex patients. 

The data obtained through linking the VCPR and the VAED, presented in chapter 7, indicate 

that overall, Victorian hospitals are being appropriately reimbursed for treating complex 

patients, given the higher funding allocations (WIES) for admissions among the cerebral palsy 

cohort compared to other admissions. However, individual hospitals’ WIES allocations were 

unable to be analysed. Further analysis of data at the individual hospital level is required to 

assess whether all hospitals are being adequately reimbursed. 
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Aim 4: to investigate the financial burden experienced by the families of children and 

young people with cerebral palsy attributable to their child’s additional medical 

needs. 

In chapter 8, it was reported that despite being entitled to publically-funded medical care, 

many families of children with cerebral palsy reported experiencing financial problems 

attributable to their child’s additional medical care needs. According to the Australian Bureau 

of Statistics, having a child with any type of disability is associated with negative financial 

consequences for families.351 When we consider medical care needs specifically, the financial 

impact may be a result of lower income due to one or both parents having to reduce their 

working hours to care for an acutely ill child with substantial care needs or related to 

additional expenses such as medication costs, or out-of-pocket costs associated with seeing 

care providers. In Australia, the parents of children with cerebral palsy and certain other 

disabilities are allocated funding to pay specifically for allied health services such as 

physiotherapy and occupational therapy,352 and may be eligible for certain welfare payments. 

However, financial assistance to cover unplanned out-of-pocket costs due to the medical care 

needs of children with complex disabilities is limited. 

9.3 Implications for clinical care 

This study provides new information on the most common reasons for hospital admissions 

and ED presentations among children with cerebral palsy, and highlights risk factors for 

frequent service use in this population. Key messages for healthcare professionals involved in 

managing the care of children with cerebral palsy are as follows: 

 For children that have multiple medical professionals involved in their care, the 

potential to experience gaps in care is high.353 The studies included in this thesis 

highlight that many children with cerebral palsy, particularly those with a severe gross 

motor impairment, are likely to experience frequent hospital admissions and ED 

presentations and to have multiple professionals involved in their care. As such, 

information sharing between medical professionals involved in caring for children with 

cerebral palsy, both within and across organisations, is important to prevent gaps 

arising. 

 Among children with severe cerebral palsy, respiratory illness is a major cause of 

unplanned multi-day hospital admissions and ED presentations. In this population, 

preventing respiratory illness should continue to be a priority. Recent research from 

Western Australia suggests that the higher risk of respiratory illness among children 



Chapter 9 | Discussion and summary 

Page | 156 

classified as functioning at GMFCS levels IV-V is not due to their gross motor function 

per se, but to their difficulties with eating and drinking, particularly oromotor 

dysfunction and difficulties coordinating breathing and swallowing.354,355 This group’s 

data imply that tube feeding alone is insufficient to prevent respiratory illness in this 

population, and they suggest that interventions such as more intensive investigation 

and treatment of gastroesophageal reflux, efforts to improve coughing efficiency, and 

treatments to improve sialorrhoea, in conjunction with modified or tube feeding, may 

reduce the occurrence of respiratory illness among high-risk children. Any 

intervention should be aimed at optimising the child’s quality of life. 

Written plans for the management of respiratory symptoms, including contact details 

for the relevant healthcare professionals, as well as access to tertiary care colleagues 

when required, may facilitate community-based management of certain respiratory 

complaints in this group, before they progress to the need for urgent, hospital-based 

care. This type of shared care arrangement, or tertiary hospital-community 

partnership, whereby parents are confident in the ability of community-based 

healthcare providers to manage their child appropriately, and aware that they can 

access hospital services when needed, has been found to be associated with high levels 

of satisfaction among both parents and healthcare providers.341 

 As all children with cerebral palsy grow, including those with mild motor impairment, 

hospital admissions for musculoskeletal procedures and rehabilitation become more 

common. Once a child’s movement disorder, topographical distribution and GMFCS 

level are established, parents should be informed as early as possible of any proposed 

musculoskeletal procedures that are likely to require hospital admissions, so that they 

can prepare accordingly. This information could include details of the various surgical 

options available to them, the likely timing of such surgeries, the intensity and timing 

of any required rehabilitation, the likely duration of the hospital stay, and the overall 

impact that any surgery would have on the child and their family, including 

disruptions to family life such as requirements for time of work (for parents) and 

school (for children). 

Additionally, all children with cerebral palsy should have appropriate hip surveillance, 

with the timing of X-rays dependent on their GMFCS level. There is strong evidence 

that hip surveillance programmes for children with cerebral palsy including 

standardised protocols for positioning the child and measuring the migration 

percentage and acetabular index on radiographs, allow for earlier identification of hip 
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subluxation, prevent hip dislocation, and reduce the need for invasive reconstructive 

and salvage surgery on dislocated hips.149,356 Professionals involved in managing the 

care of children with cerebral palsy, including those based in the community and non-

paediatric hospitals, should be aware of the hip surveillance guidelines for children 

with cerebral palsy, and refer for an orthopaedic consultation at the appropriate time 

(as per the guidelines).357 

 In light of the fact that individuals with cerebral palsy will continue to need 

multidisciplinary medical care once they reach adulthood, the process of planning for 

transition from paediatric to adult services should begin as early as possible. 

 It is important that parents are aware of all of the risks associated with technology 

dependency, and that medical professionals, both those involved in the overall medical 

management of these children, and those working in acute care settings such as 

general practitioners and ED physicians, are familiar with the most common medical 

device complications, their symptoms and appropriate management.  

9.4 Implications for healthcare policy and decision makers 

Key messages from this PhD thesis for healthcare decision makers are outlined below.  

 Individuals with cerebral palsy continue to have multiple different types of medical 

professionals involved in their care throughout childhood and adolescence and into 

early adulthood. With the majority of individuals with cerebral palsy surviving into 

adulthood, and those with a mild gross motor impairment having a life expectancy 

similar to the general population,245 there is a clear need for adult care providers who 

are familiar with managing patients with cerebral palsy and other childhood-onset 

disabilities.  

 For children with the most complex medical care needs, formalised systems of care 

coordination are needed. Such assistance has the potential to reduce hospital episodes 

among those enrolled in the programs, thus reducing healthcare expenditure and 

ultimately, improving healthcare experiences for children and their families. In the 

USA, the concept of the medical home for children with disabilities has existed for 

some time.358 It involves having a usual source of care, having a personal doctor or 

nurse, receiving all needed referrals for specialty care, receiving help as needed in 

coordinating health-related care, and receiving family-centred care. No such model yet 

exists in Australia; however, in recent years, a number of hospitals have initiated their 

own care coordination programs. Regardless of the model chosen, strong partnerships 
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between tertiary care providers and community-based primary care providers, 

including general practitioners, will be fundamental to the success of any care 

coordination scheme.341   

 It is important that general practitioners and other primary and secondary care 

providers in the community are supported in their role of managing childhood-onset 

disabilities. This includes ongoing professional development as well as access to 

tertiary care colleagues when required. 

 ED physicians working in non-paediatric hospitals should have adequate training in 

paediatrics and in disabilities so that best care can be provided as close to home as 

possible. This may also alleviate pressure on tertiary hospitals. 

 The confirmation that cerebral palsy admissions and ED presentations are more 

complex and require more resources than those of other children reinforces the need 

for appropriate hospital coding that takes into account all elements of care for children 

with complex disabilities. This will ensure that hospitals are adequately reimbursed for 

caring for very complex patients. 

 Financial assistance to help with the out-of-pocket costs at particular times, such as 

when a child has a long unplanned hospital admission or multiple planned hospital 

admissions for orthopaedic surgery, may help reduce the financial burden experienced 

by the families of medically complex children. 

9.5 Contribution to the research literature 

Large scale population-level data linkage projects are now possible in Australia with the 

availability of state-based data linkage units as well as best practice protocols to ensure data 

protection.306,311 More recently, processes for conducting cross-jurisdictional (or interstate) 

data linkage have been made available.359,360 However, with the exception of cancer registries 

315 and more recently a stroke registry,317 there are few reports in the research literature of 

disease registries being linked to administrative datasets for health services research. 

Furthermore, records of a cerebral palsy register being linked to an administrative health 

services dataset to describe patterns of service use in this population internationally could not 

be located. As such, in addition to contributing to the field of data linkage research in 

Australia, this research project highlights another potential use for cerebral palsy registers 

around the world. 

Cerebral palsy registers now exist in each Australian state and territory, each of which 

contributes to a national Register – the ACPR.24 Population based cerebral palsy registers also 
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exist in defined regions of Europe 44 and North America,361 and more recently, New Zealand, 

and Bangladesh.362 As countries around the world are faced with similar dilemmas of trying to 

deliver more services with fewer resources, it is imperative that decision makers are provided 

with objective data showing them how services are being used by particular patient groups. 

Though some evidence is emerging that the rates of cerebral palsy are slowly falling, and that 

severity in affected individuals is reducing,23 cerebral palsy remains the most common cause of 

childhood-onset physical disability worldwide. Therefore, it is important that those involved 

in decision making around care delivery to this group are familiar with their patterns of 

service use. By linking large clinical registries and administrative datasets, researchers can 

ultimately inform health policy, using what is comparatively a more cost- and time-effective 

research methodology.  

9.6 Strengths of this study 

The studies presented in this thesis included children with cerebral palsy of all levels of 

severity and complexity, of all age groups, and from all areas of residence and socioeconomic 

groups. The use of a population-based cerebral palsy register to identify the cerebral palsy 

cohorts also allowed data on cerebral palsy severity and complexity to be included in analyses 

and for comparisons to be made across various sub-groups. The strengths of this study lie in 

its population-based design, which meant that the cerebral palsy cohorts were truly 

representative of all children with cerebral palsy. The use of a cerebral palsy register ensured 

greater certainty of the cerebral palsy diagnosis, something lacking from studies that identify 

children with cerebral palsy via diagnosis codes.  

9.7 Study limitations 

The requirement to de-identify data following linkage meant that it was not possible to link 

the data from the various studies. For example, data obtained from the parent survey could 

not be linked to the state-wide ED data. This would have been useful in assessing further the 

role of socioeconomic factors in ED use. In addition, due to concerns around privacy and 

confidentiality, Victorian Data Linkages did not release data on individual hospital type. 

Without these data, it was not possible to compare admissions and ED presentations to 

different hospital types. The research based on the parent survey was limited by response bias. 

The response rate (39%) was comparable to other response rates achieved by projects 

recruiting participants through the VCPR. However it is likely that the participants were 

different to non-participants on socioeconomic factors, and may in fact, have had different 

patterns of service use, and different experiences of the healthcare system.  
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9.8 Future directions 

In the literature pertaining to the general population, triage category, together with data on 

departure disposition, arrival mode and referral source, is often used as a measure of whether 

an ED presentation is appropriate or if it could have been managed in primary care.327 

However, for children with complex underlying conditions such as cerebral palsy, specialised 

emergency care may be required for conditions with relatively low urgency. ED presentations 

due to medical device complications are a good example. They may not require an ambulance 

arrival, be triaged as lower urgency, and not proceed to hospital admission; however in many 

cases, they do require specialist emergency care. As such, traditional algorithms for identifying 

primary care type presentations may not be accurate or reliable for children with disabilities. 

Further exploration and identification of methods to accurately measure the appropriateness 

of ED presentations in this group are warranted.  From this, strategies to reduce unnecessary 

presentations can be developed. 

It is clear that the majority of frequent service users have severe and complex cerebral palsy. 

However, of note, not all children with severe and complex cerebral palsy were frequent 

service users. Further research is required to explore in depth what is different about those 

children that have frequent healthcare encounters. Family factors may play a role, and some 

families may have a lower ‘threshold’ than others for presenting to hospital. It is unlikely that 

research using administrative data alone will uncover this type of information, and qualitative 

studies with in-depth case-based reviews are required to ascertain what factors may be 

implicated, and whether they are modifiable. 

This thesis did not include a comprehensive analysis of the socio-economic factors that 

influence health service utilisation in Victorian children with cerebral palsy, and potential 

inequities in care were not explored in-depth. There is evidence from England that socio-

economic status and area of residence are associated with access to health care, specifically 

access to brain imaging, hip and spine surveillance and management, and pain 

management.363 In the USA, children from families with low incomes have been found to be 

more likely to have unmet healthcare needs, including routine and speciality medical and 

dental care. Unsurprisingly, in this US group, inadequate health insurance was also associated 

with having more unmet healthcare needs.364  

Of note, in the US study, parents with a higher level of education were more likely to report 

unmet healthcare needs in their children compared to parents with lower levels of education. 

This suggests that, regardless of income, parents with a higher level of education may be more 
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likely to be aware of, and advocate for, their child’s healthcare needs. Further quantitative and 

qualitative research is required to explore whether there are inequities in how health services 

are delivered to Australian children and young people with cerebral palsy, whether 

socioeconomic and other factors prevent some families from accessing healthcare 

appropriately, and if some families are setting the ‘threshold’ for seeking healthcare too low or 

too high. 

In recent years, some paediatric hospitals around Australia have implemented their own 

coordination programs for children with complex care needs; however, their impact on service 

use among those enrolled has yet to be fully explored. Large scale, multi-centre studies, that 

include analysis of data collected by these programs, and linkage to health service datasets so 

that changes in healthcare utilisation can be measured, are required. Recently, the Australian 

Government outlined the ‘Health Care Homes’ policy. Designed to keep Australians with 

chronic and complex conditions out of acute care, the government plans to pay general 

practitioners to co-ordinate, manage and support a patient’s care in the community. It aims to 

“provide continuity of care, coordinated services and a team-based approach to care according 

to the needs and wishes of the patient”, and around 65,000 Australians will participate in a 

two-year trial starting in July 2017.365 The trial appears to be targeting adults only, but if the 

model is found to be successful and cost effective, it may have implications for how children 

with chronic and complex conditions are managed in the future. 

Finally, new models of care delivery are emerging as potential ways of alleviating pressure on 

hospitals. In Australia, hospital in the home programs offer patients an alternative to an 

inpatient stay. Patients are still regarded as hospital inpatients, and remain under the care of 

their hospital doctor, but they receive their care safely at home. Referrals to these programs 

are generally made by a hospital doctor, and the patient is transferred directly from the 

inpatient ward, outpatient clinic, or the ED to home-based care. Whether this model could be 

used more in children with cerebral palsy to actually prevent families presenting to hospital in 

the first place is yet to be explored. Such a model would require a change from the current 

system of referrals generally being made by hospital doctors, to one where general 

practitioners or other community care providers, or perhaps experienced parents themselves, 

could refer directly to the service. 

9.9 Conclusions 

Compared to their typically developing peers, children with cerebral palsy have different 

patterns of medical service use. Their need for multidisciplinary medical care, and frequent 
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admissions and ED presentations continue into adolescence and early adulthood. Due to their 

increased healthcare needs, many families of children with cerebral palsy, particularly those 

with severe gross motor impairment, experience financial difficulties. To ensure healthcare 

needs are met, and hospital episodes only occur when absolutely necessary, there is a need for 

general practitioners and community-based paediatric specialists that are familiar with, and 

comfortable in, managing children with complex medical care needs and for adult care 

providers that are familiar with managing patients with childhood-onset disabilities. In 

addition, the role of formalised systems of care co-ordination and alternative models of care 

delivery for children with complex medical care needs should be assessed. 

As discussed in chapter 1 and chapter 2, it is evident from the vast amount of literature in the 

field, that our knowledge of the complexity of cerebral palsy, the common medical 

comorbidities experienced by affected children, and the best medical and surgical treatment 

options is great. Clinicians know what treatments are best for which children depending on 

the type and complexity of their cerebral palsy as well as other personal circumstances; 

however, this thesis has highlighted a number of issues, not previously reported on in the 

literature, specifically the out-of-pocket costs and financial hardship being experienced by 

some families, the evidence that there is more use of tertiary services than is needed, the 

inadequate care coordination for those children that need it, and the fact that older children 

and adolescents with cerebral palsy continue to have high medical care needs. As Australia 

rolls out a National Disability Insurance Scheme, disability is at the forefront of the political 

agenda.366 While this new model of disability care may not have direct implications for the 

delivery of medical services to individuals with disabilities, this may be the right time to get 

medical service delivery for this group well organised so that it can integrate fully and 

effectively with the relevant disability services.  
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Medical care needs of children and young 
people with cerebral palsy 

Parent survey 

HREC number: 33243 
Version 3.1 

Date: 7th January 2015 
 

 

 

Please read the following before completing the survey: 

 If possible, we would like this survey to be completed by the primary carer of the child or 

young person with cerebral palsy. The primary carer is the person who generally has the 

major daily responsibility for caring for the child or young person.  

 This survey asks questions about the doctors that your son/daughter sees. This includes 

general practitioners (GPs) and paediatricians (doctors who specialise in caring for 

children) that your son/daughter sees in hospitals and out in the community. This does 

not include allied health professionals like physiotherapists and occupational therapists. 

 Please only include information about appointments that were about the health of your 

son/daughter with cerebral palsy, not other family members. 

 Part 1 asks you about general practitioners (GPs) your son/daughter may see. 

 Part 2 asks about the public paediatricians your son/daughter may see. Public 

paediatricians are those that your son/daughter is able to see in outpatient specialist 

clinics in public hospitals, or sometimes in the community, without you having to pay any 

fees for their services.  

 Part 3 asks about private paediatricians your son/daughter may see. Private 

paediatricians may occasionally bulk-bill patients but they would normally require you to 

pay a fee at every visit. You might see a private paediatrician in their private practice in 

the community or in their private rooms at a hospital, rather than in the hospital 

outpatient clinics. 

 Part 4 asks some general questions about your son/daughter’s health. 

 Part 5 asks some general questions about you and your household and how your 

household manages the costs of caring for somebody with cerebral palsy.  

 All information provided is strictly confidential and will only be seen by the research team.  

 
If you have any questions or would like some assistance completing this survey, please call 
Elaine Meehan on (03) 9345 4808 or email elaine.meehan@mcri.edu.au 
 

mailto:elaine.meehan@mcri.edu.au
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INFORMED CONSENT 

Please read the following statement and tick the box before you begin to complete the survey:  

 I have received information regarding this research and had an opportunity to ask questions. I 

believe I understand the purpose, extent and possible risks of my involvement in this project and I 

voluntarily consent to take part.  

 

QUESTION: Has your son/daughter lived in Victoria for his/her entire life? 

 Yes  No  

If no, how many years have they lived in Victoria?  

 

 

 

 

PART 1 

General practitioner (GP) 

QUESTION: Has your son/daughter attended one or more appointments with a GP over the past 

12 months?  

 Yes   No (Skip to part 2 on page 3) 

QUESTION: Approximately how many appointments with a GP did they attend over the past 12 

months?  

 1  2  3  4  5  6  7  8  9  10 or 

more 
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PART 2  

Public paediatricians  

 

 

 

 

 

 

 

 

 

 

QUESTION: Has your son/daughter attended one or more appointments with a public 

paediatrician over the past 12 months?  

 Yes  No (Skip to Part 3 on page 5) 

 

 

 

 

 Part 2 asks questions about public paediatricians. This includes general 

paediatricians, developmental paediatricians, paediatric orthopaedic surgeons, 

paediatric rehabilitations specialists and others. This does not include therapists.  

 

 Your son/daughter would see public paediatricians in hospital outpatient clinics (such 

as the specialist clinics at the Royal Children’s Hospital or Monash Children’s) or 

sometimes in centres out in the community.  

 

 Public paediatricians do not require you to pay a fee after each visit.  

 

 Please only include appointments which were about the health of your son/daughter 

that has cerebral palsy, not about other family members. 

 

 Children and young people often see public paediatricians trained in different 

specialities. We are interested to know what type of specialist public 

paediatricians your son/daughter with cerebral palsy has seen over the past 12 

months.  

 

 Please complete the table on the next page. Tick “yes” to the paediatricians that 

your son/daughter has seen over the past 12 months, specify in which hospital or 

centre they saw that paediatrician, and tick the box corresponding to the number 

of visits they had with this paediatrician. 
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Service 
used 

Where did your child see this 
paediatrician?  

Over the past year, approximately how many times 
did your child see this paediatrician?  

General / developmental paediatrician (if your 

child has seen two public general/developmental paediatricians please 
complete the line below also) 

 Yes 

 No  
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

General / developmental paediatrician (2) 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric neurologist 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric neurosurgeon 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric gastroenterologist 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric cardiologist 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric respiratory doctor 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric orthopaedic surgeon 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric ear, nose and throat (ENT) surgeon 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric rehabilitation specialist  
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Paediatric ophthalmologist (eye doctor) 
 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Other specialist paediatrician – Please specify type: 

 

 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 

Other specialist paediatrician – Please specify type: 

 

 Yes 

 No 
__________________________________ 
(name of hospital or centre) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 
or more 
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PART 3 

Private paediatricians 

 
 

 

 

 

 

 

 

 

QUESTION: Has your son/daughter attended one or more appointments with a private paediatrician 

over the past 12 months?  

  Yes   No (Skip to Part 4 on page 7)  

 

 

 

 

 

 

 

 

 

 

 

 Part 3 asks questions about the private paediatricians that your son/daughter might see 

in a private practice in the community or in the paediatricians’ private consulting rooms 

in a hospital. This includes private general paediatricians, developmental 

paediatricians, paediatric orthopaedic surgeons, paediatric rehabilitations specialists 

and others. This does not include therapists.  

 

 Private paediatricians may sometimes bulk-bill but you are normally required to pay a 

fee after each visit. 

 

 Please only include appointments which were about the health of your son/daughter 

that has cerebral palsy, not about other family members. 

 

 Children often see private paediatricians trained in different specialities. We are 

interested to know what type of private specialist paediatricians your son/daughter 

with cerebral palsy has seen over the past 12 months.  

 

 Please complete the table on the next page. Tick “yes” to the paediatricians that your 

son/daughter has seen over the past 12 months, specify whether they saw this 

paediatrician in a private practise in the community or in the paediatrician’s private 

rooms at a hospital, and tick the box corresponding to the number of visits they had 

with this paediatrician. If you can recall, please tell us how much one visit to this 

paediatrician costs your family (after Medicare / insurance claim).  
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Service 

used 

Did your child see this 

paediatrician in a private 

practice in the community 

or in a hospital?  

 

Over the past 12 months, approximately how many times did 

your child see this paediatrician? 

Approximate cost 

after Medicare or 

private health 

Insurance claim 

General/developmental paediatrician (if 
your child has seen two private general/developmental 

paediatricians please complete the line below also) 

 Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

General/developmental paediatrician (2)  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric neurologist  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric neurosurgeon  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric gastroenterologist  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric cardiologist  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric respiratory doctor  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric orthopaedic surgeon  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric ear, nose and throat  (ENT) 

surgeon 

 Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric rehabilitation specialist   Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Paediatric ophthalmologist (eye doctor)  Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Other specialist paediatrician 

Please specify type:  

 

 Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 

Other specialist paediatrician 

Please specify type: 

 

 Yes 

 No 

 

Community 

 

Hospital 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 10 or 

more 

$ 
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PART 4 
 General questions about the health of your child with cerebral palsy 

QUESTION: In general, how is your son/daughter’s health?  

     

Poor Fair Good Very Good Excellent 

 

QUESTION: Does your son/daughter currently use any of the following?  

Intrathecal baclofen pump  Yes No  Don’t know 

PEG feeding tube  Yes No  Don’t know 

Nasogastric feeding tube  Yes No  Don’t know 

Tracheostomy  Yes No  Don’t know 

Assisted ventilation device  at home (eg CPAP)  Yes No  Don’t know 

Ventricular shunt  Yes No  Don’t know 

Other device:  Yes No  Don’t know 

If other, please specify  
  

 

QUESTION: Has your son/daughter taken any of the following medications over the past 12 months?  

Anti-epileptic medication  Yes No  Don’t know 

Medication to manage movement disorder  Yes No  Don’t know 

Medication to manage drooling  Yes No  Don’t know 

Medication to regulate sleep  Yes No  Don’t know 

Medication to manage behaviour  Yes No  Don’t know 

Medication to manage constipation  Yes No  Don’t know 

Medication to manage reflux  Yes No  Don’t know 

Other medication  Yes No  Don’t know 

If other, please specify: 
 

 

QUESTION: Has your son/daughter had any of these surgeries over the past 12 months?  

Orthopaedic surgery   Yes No  Don’t know 

Gastrostomy (PEG insertion)  Yes No  Don’t know 

Fundoplication  Yes No  Don’t know 

Insertion of ventricular shunt    Yes No  Don’t know 

Epilepsy surgery  Yes No  Don’t know 

Insertion of intrathecal baclofen pump  Yes No  Don’t know 

Selective dorsal rhizotomy  Yes No  Don’t know 

Other surgery   Yes No  Don’t know 

If other, please specify: 
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QUESTION: If your son/daughter is unwell during the day – with, for example a cough or a sore ear, 
what are you likely to do first? Please select only one. 

 Make an appointment with a GP   

 Make an appointment with a private paediatrician 

 Make an appointment with a public paediatrician 

 Contact GP via phone or email for advice 

 Contact private paediatrician via phone or email for advice 

 Contact public paediatrician via phone or email for advice  

  Go straight to a hospital Emergency Department 

  Call a nurse telephone helpline  

  Something else – please specify:  

  Don’t know 

QUESTION: Does anyone help you arrange or co-ordinate your son/daughter’s care among the 
different doctors that he/she sees?    

 Yes  No 

If you answered yes above, please specify who provides the help arranging or coordinating their 
care. You can select more than one option. 

 Other parent or guardian 

 Other family member 

 Friend 

 General practitioner (GP) 

 Private paediatrician 

 Public paediatrician 

 Nurse 

 Social worker  

 Case manager  

 Someone at the child’s school 

 Someone else – please specify:  

 Don’t know 

QUESTION: Overall, how satisfied are you with the communication between your son/daughter’s 
doctors over the past 12 months?  

 Very satisfied 

 Somewhat satisfied 

 Somewhat dissatisfied 

 Very dissatisfied  

 No communication needed or wanted  

 Don’t know 

QUESTION: How satisfied are you that you have support from family, friends or others when 
needed? 

 Very satisfied 

 Somewhat satisfied 

 Somewhat dissatisfied 

 Very dissatisfied 

 No support needed or wanted 

 Don’t know 
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QUESTION: Has your son/daughter been admitted to any hospital other than the Royal Children’s 
Hospital or Monash Medical Centre over the past 12 months? 

 Yes  No 

If yes, please specify which hospital(s): 

 

 

 

QUESTION: Has your son/daughter visited the Emergency Department of any hospital other than the 
Royal Children’s Hospital or Monash Medical Centre over the past 12 months? 

 Yes  No 

If yes, please specify which hospital(s): 
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PART 5 
Questions about you and your household 

QUESTION: Which option best describes your household? 

 Couple with dependent children  

 One-parent household with dependent children 

 Other, please specify: 

QUESTION: How many dependent children are currently living at home with you?  

 1  2  3  4  5  6 or  more 

QUESTION: What is the main source of income for your household?  

 Two parents in full-time employment   

 At least one parent in full-time employment 

 Two parents in part-time employment  

 One-parent in part-time employment  

 Pension  

 Other, please specify: 

QUESTION: Does your household have private health insurance cover?  

 Yes   No 

QUESTION: Over the past year, have your son/daughter’s medical problems caused financial 
problems for your family? 

 Yes 

 No  

 Don’t know 

QUESTION: Overall, how would you describe the impact that the cost of providing medical care for 
your son/daughter has had on your family over the past year?  

 No impact 

 Very little impact 

 Some impact 

 Moderate impact 

 Large impact 

 Huge impact  

 Don’t know  

QUESTION: Given your current needs and financial responsibilities, how would you say you and your 
family are getting on? 

 Prosperous 

 Very comfortable 

 Reasonably comfortable 

 Just getting along 

 Poor 

 Very poor 

 Don’t know 
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Questions about you 

QUESTION: Which of the following best describes your relationship to the individual with cerebral 

palsy?  

 Biological mother  Biological father 

 Stepmother  Stepfather 

 Grandparent  Legal guardian (includes foster parent or 

 Other, please specify:                                                   adoptive parent) 

QUESTION: What is your highest level of education? 

 Secondary school incomplete  

 Secondary school complete  

 Apprenticeship/trade  

 Technical diploma/certificate  

 Under graduate university degree  

 Post graduate university degree   

 Other, please specify:   

 

QUESTION: Is there a second person involved in their care, for example a second parent or 

grandparent? 

 Yes   No 

QUESTION: If yes, which of the following best describes their relationship to the individual with 

cerebral palsy?  

 Biological mother  Biological father 

 Stepmother  Stepfather 

 Grandparent  Legal guardian (includes foster parent or  

 Other, please specify:                                                  adoptive parent) 

QUESTION: What is their highest level of education? 

 Secondary school incomplete  

 Secondary school complete  

 Apprenticeship/trade  

 Technical diploma/certificate  

 Under graduate university degree  

 Post graduate university degree   

 Other, please specify:   

Once finished, please return to the research team using the reply-paid envelope provided. If you are 

missing the reply-paid envelope, please put into a plain envelope and address to:  

Ms Elaine Meehan  
Developmental Disability and Rehabilitation research  
Murdoch Childrens Research Institute 
Reply Paid 1100 
PARKVILLE, VIC 3052    
(Postage is free - you do not need to use a stamp) 

Thank you for completing this survey. We will mail you a summary of our findings once we have 
completed the study. 
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Saturday, June 25, 2016  

 

«consenterfname» «consenterlname»  

«familystreet» 

«FAMILYSUBURB» «FAMILYSTATE» «familypc» 

 
 
 
Dear «consenterfname», 

I am writing to inform you of a research project that is being conducted by researchers 

from the Victorian Cerebral Palsy Register (VCPR) and the Murdoch Childrens 

Research Institute.  You are receiving this information because when registering 

«Preferred»’s details with the VCPR you consented to be contacted about upcoming 

research projects. 

This project involves you completing a short survey about «Preferred»’s use of medical 
services over the past twelve months. Included with this letter are a Parent/Guardian 
Information Statement and a Reply Slip. This document gives you the full details about 
the project: why it is being done and what you need to do; as well as the risks and the 
benefits of the project.  
 
If, after reading the information statement, you decide that you want to take part, we 
would appreciate it if you could let us know by completing the reply slip and sending it 
back using the reply-paid envelope that is enclosed. Alternatively, you can let us know 
that you want to take part by calling us on 9345 4808 or email 
elaine.meehan@mcri.edu.au. If you decide that you do not want to take part, please 
indicate this on the enclosed reply slip and send it back using the reply-paid envelope.  
 
If we do not hear from you within three weeks, a member of the team will give you a 
brief follow-up call to make sure that you have received this letter. If you have any 
queries, please feel free to contact us by phone or email.  
 
Yours sincerely, 

    
Dr Sue Reid 
Manager, Victorian Cerebral Palsy Register 
Phone: 03 9345 4807 
Email: sue.reid@mcri.edu.au 

mailto:elaine.meehan@mcri.edu.au
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Information statement and reply slip 

RCH Human Research Ethics Committee Project Number: 33243  
Research Project Title: Medical care needs of children and young people with cerebral palsy  
Principal Researcher: Elaine Meehan   
Version Number:  2.1 Version date:  14 Jan 2015 
 

Dear parent, 

My name is Elaine Meehan and I am a Research Assistant and PhD student, currently working on the 

Victorian Cerebral Palsy Register.  

My PhD research is titled “Access, cost and quality of care for children with cerebral palsy in Victoria, 

Australia”. This study that you are being invited to participate in will make up a part of my PhD 

research, and it involves asking the parents of children and young people  with cerebral palsy (who 

are aged up to nineteen years) about the medical services that their  son/daughter receives in 

hospitals and in  the community (from paediatricians and general practitioners). We feel that this is 

important because there is evidence that some individuals do not have access to appropriate medical 

care in the community and are forced to attend hospitals more often. This research is being funded 

by the Murdoch Childrens Research Institute. 

You are being invited to take part as your son/daughter has cerebral palsy and is, or has been, a patient 

at the Royal Children’s Hospital or Monash Children’s, or you may have, in the past, provided their 

details to the Victorian Cerebral Palsy Register. This study involves you completing a short survey 

which asks about the sort of medical care your son/daughter receives. It should take about fifteen 

minutes and it can be completed online or over the telephone, or a paper copy can be posted out to 

your home address for you to complete at home  

If you report that your son/daughter receives outpatient care at the Royal Children’s Hospital, we may 

look at administrative data that is routinely-collected by the hospital (for example date of visit, type 

of clinic) to clarify how often they attend different clinic types. We will not be collecting any personal 

or health information relating to your son/daughter from the hospital record.   

This information will provide the researchers with an insight into the type of medical care that children 

and young people with cerebral palsy are receiving in hospitals and in the community and it will form 

part of the larger body of work that is currently being carried out looking at access to care and quality 

of care for people with cerebral palsy. This research may not directly benefit you and your  

son/daughter but we hope that it will identify any gaps in care of individuals with cerebral palsy and 

provide information that will be used in future service planning. Your participation would be greatly 

appreciated. 

We do not expect the survey to cause you any anxiety or distress. The only inconvenience for you is 

the time it takes to complete the questionnaire.   
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In this study we will collect and use personal and health information about your son/daughter for 

research purposes. Any information we collect that can identify your son/daughter will be treated as 

confidential and used only in this project unless otherwise specified.  We can disclose the information 

only with your permission, except as required by law. All information will be stored securely in the 

Developmental Disability and Rehabilitation research group at Murdoch Childrens Research Institute. 

The stored information will be re-identifiable.  This means that we will remove identifying information 

such as your son/daughter’s name and give the information a special code number.  Only the research 

team can match their name to their code number, if it is necessary to do so. 

The following people may access information collected as part of this research project:  

• The research team involved with this project 

• The Royal Children’s Hospital Human Research Ethics Committee 

We are required to keep information collected as part of this research project until the youngest 

participant turns 25 years old.  The research information may be destroyed or kept indefinitely in 

secure storage after this time. In accordance with relevant Australian and/or Victorian privacy and 

other relevant laws, you have the right to access and correct the information we collect and store 

about your son/daughter.  Please contact us if you would like to access this information. At the end of 

the study, results may be presented at conferences or published in medical journals.  This will be done 

in such a way that your son/daughter cannot be identified.  

Your participation in this project is completely voluntary. If you wish to withdraw, you can do so at 

any time. Any information provided will not be used if you choose to withdraw. Non-participation in 

this study will not in any way affect your access to treatment and care at the Royal Children’s Hospital 

or Monash Children’s.  

Should you wish to complete the survey and be a part of this study, please let us know by completing 

the attached reply-slip and returning it using the enclosed reply-paid envelope; email 

elaine.meehan@mcri.edu.au; or call (03) 9345 4808. We will talk to you and find out if you would 

prefer to complete the survey via post or over the telephone, or we will send you an email link to 

complete it online.  If you do not want to take part, please tell us so that we do not trouble you again 

in the future. If you do not reply, a member of the team will contact you via telephone in 2-3 weeks 

to make sure you received the information. If you have any questions, or would like to talk to 

somebody about this project, please don’t hesitate to call Elaine on (03) 9345 4808.  

Yours sincerely, 

 

Elaine Meehan 

PhD Student, Murdoch Childrens Research Institute 

If you have any concerns and/or complaints about the project, the way it is being conducted or your 

rights as a research participant, and would like to speak to someone independent of the project, please 

contact:   

Director, Research, Ethics and Governance, The Royal Children’s Hospital Melbourne on telephone: 

(03) 9345 5044.  

mailto:elaine.meehan@mcri.edu.au
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REPLY SLIP 

HREC Project Number: 33243  

Research Project Title: Medical care needs of children and young people with cerebral 
palsy 

Version Number:  2.1 Version Date:  14 Jan 2015  
 

 

  

 I do not wish to take part in this research 

 I would like to take part in this research by completing the parent survey  

 

My child’s name is:  

__________________________________________________________________________________________ 

My name is:  

__________________________________________________________________________________________ 

Address: 

 

__________________________________________________________________________________________ 

Contact numbers:  

 

__________________________________________________________________________________________      

Email address:  

__________________________________________________________________________________________ 

 

If you do wish to participate, complete the following: 

My preferred way to complete the questionnaire would be: 

1. Over the telephone   the best days and times to call me are: ____________________________________ 

2. Online   

(If you want to complete the questionnaire online, please provide your email address above and the 

research team will email you instructions) 

3. Post  We will mail you out the questionnaire to complete at home and return to us at your convenience  
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RECORD OF VERBAL CONSENT 

 
 
HREC Project Number: 33243 

 
Research Project Title:      Medical care needs of children and young people with cerebral palsy 

 
 

Participant Name: 

 

UR Number:  

 

Parent Name (if applicable): 

 

Mailing Address: 

 

Phone Number:   

 

Date Information Statement/Brochure sent:  

 
 

 
 

Date of follow-up phone contact: 

 

Spoke to (name or parent/participant): 

 

 Yes  No Do you give your consent for you/your child to participate in this project? 

 
 

Name of person obtaining consent: 

 

Signature of Person Obtaining Consent: 

 

Date: Time: 

 
 



 

 

 

 

 

 

Saturday, June 25, 2016  

 

«consenterfname» «consenterlname» 

«familystreet»  

«FAMILYSUBURB» «FAMILYSTATE» «familypc» 

 

 

Re: Research study - Medical care needs of children and young people with 
cerebral palsy (HREC 33243) 

 

Dear «consenterfname», 

 

Thank you for consenting to complete the parent survey “Medical care needs of children 
and young people with cerebral palsy”.  

 

Please find enclosed the survey together with a reply-paid envelope that you can use to 
return the completed survey at your convenience.  

 

If you have any questions, please contact me by phone or email (contact details below).  

 

Yours sincerely, 

 

____________________________________ 
 
Elaine Meehan  

PhD Cand idat e, Depar t m en t  o f  Paed iat r ics, Un iversit y o f  Melbourne   

Research  Assist an t , Vict o r ian  Cereb ral Palsy Regist er   

Tel: 03 9345 4808 

Em ail: elaine.m eehan@m cr i.edu.au  

 

 

 



 

Further information: For more information on this research, please email elaine.meehan@mcri.edu.au   

RCH HREC ref. no. 33243. Research snapshot. v1. 26.Aug.2015 

Research snapshot: Medical care needs of children and 

young people with cerebral palsy 
We invited the parents and carers of children and young people with cerebral palsy to complete a survey 

on their child’s use of various medical services. Here we summarise what the study was all about and 

what the main findings were. 

Why did we carry out this study? 

Cerebral palsy is the most common cause of childhood physical 

disability, affecting around 2 in every 1,000 children. We already 

know that children and young people with cerebral palsy have 

medical care needs that are different to typically-developing 

children.  

We don’t know a lot about the types of medical services being 

used by children with cerebral palsy, or what child and family 

characteristics influence the type and frequency of medical 

service use in this group. We also know very little about how 

Victorian families cope financially in light of their child’s 

additional medical care needs.  

The primary aim of this study was:  

 To describe the patterns of use of various medical services in 

children and young people, and identify factors associated with 

the type and frequency of services used 

What was done? 

We invited the parents and carers of children and young people 

aged 5-19 who were registered with the Victorian Cerebral Palsy 

Register to complete a short survey, which was designed 

specifically for this study. 

We asked parents and carers about appointments their child had 

with general practitioners (GPs) and public and private paediatric 

medical specialists over the previous 12 months. We also asked 

about the general health of their child with cerebral palsy, and 

their use of medications and devices. The survey also contained 

some questions about the family and household. 

Who participated in this study? 

350 parents and carers completed the survey. Of these, 51% had 

children with cerebral palsy who had a mild motor impairment, 

while 48% had children who had a moderate or severe motor 

impairment. 

Overall, 30% of the parents and carers who completed the survey 

had children who were aged 5-9 years, 38% had children who 

were aged 10-14 years, and 32% of parents and carers had 

children who were aged 15-19 years. Twenty-nine per cent of 

parents reported that their child also had epilepsy, and 18% had 

a gastrostomy feeding tube in place. 

What did we find?  

 83% of children had at least one appointment with a GP 

over the previous 12 months, while 84% had at least 

one appointment with a public or private paediatric 

medical specialist.  

 The types of paediatric medical specialists most 

frequently seen were general or developmental 

paediatricians, orthopaedic surgeons, rehabilitation 

physicians, and neurologists. 

 58% of children had appointments with 2-5 different 

doctors, while 9% had appointments with six or more 

different doctors during the previous year. Older 

children and adolescents continued to see a number of 

different types of specialists. 

 Overall, children with more severe CP and/or epilepsy 

saw a greater number of different medical specialists. 

 34% of parents and carers reported that their child’s 

medical issues had caused financial problems for their 

family over the previous year; the parents and carers of 

children with more severe cerebral palsy were most 

likely to have experienced financial problems. 

What do the findings mean?  

For parents and carers 

The medical care needs of many children with cerebral palsy 

are often long-term and complex, and their need for care from 

a range of different types of medical specialists continues 

throughout adolescence and into early adulthood. Together 

with their child’s doctors, parents should start planning for 

transition to adult care as early as possible to ensure 

appropriate services are in place. 

For medical professionals 

For medical professionals involved in caring for children with 

cerebral palsy, it is important that they are aware of the other 

professionals involved in their care and share information with 

them as appropriate.  

For policy makers/decision makers 

Information about the nature of the children receiving services, 

and knowledge about the types of services being used, may be 

used in addressing gaps in service delivery, while supporting 

initiatives to improve coordination of service delivery between 

organisations. 

mailto:elaine.meehan@mcri.edu.au
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