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ABBREVIATIONS

NICU Neonatal intensive care unit

PCP Primary care practitioner

AIM This study sought to: (1) determine what is known about age at referral for diagnosis

and rehabilitation services for children suspected of having cerebral palsy (CP); and (2)

identify factors associated with earlier referral.

METHOD A scoping review was conducted to summarize existing literature. We

systematically searched Allied and Complementary Medicine, CINAHL, Cochrane Library,

Embase, and PsycINFO for evidence published between 1979 and 2017 on age at referral for

diagnosis or age at referral to rehabilitation services for children suspected of having CP.

Quantitative and thematic analyses of the literature were performed.

RESULTS Our search yielded 777 articles, of which 15 met the inclusion criteria. Only one

study focused on age at referral for diagnosis of CP (mean 16.6mo�19.2mo), with two on age

at referral to rehabilitation services (means 13.9mo�15.8mo and 12.4mo). Potential predictors

of earlier referral identified include referral source, type of CP, and a complicated birth

history.

INTERPRETATION Evidence is sparse; however, available studies suggest high variation in the

age at which children are being referred for diagnosis, typically ranging from 10 months to

21 months. Evidence indicates that subgroups of children with CP might be experiencing

prolonged delays. Findings highlight the need to better understand what contributes to

delays in referral for diagnosis and rehabilitation.

Cerebral palsy (CP) is the fourth most common childhood
disability,1 and the most common physical disability
encountered in children,2 with an estimated prevalence of
2.3 per 1000 live births.3 A consensus definition of CP
describes it as group of disorders of the development of
movement and posture resulting from damage in the fetal
or infant brain, often accompanied by secondary sensory
impairments.4 Current best practice for children suspected
of having CP recommends early identification and referral
both to medical specialists for diagnosis and to rehabilita-
tion professionals for intervention.5 Early identification of
developmental disabilities is widely supported by the
American and Canadian pediatric professional societies,6,7

and is endorsed at a policy level.8,9 There is evidence to
suggest that delayed referral can limit a child’s ability to
reach their full potential in developmental skills.10 Delayed
referral for diagnosis can also be detrimental to the child’s
family from a psychosocial perspective. Diagnosis in and of
itself is a period of crisis analogous to bereavement,11,12

and parental dissatisfaction with the disclosure process has
been linked to later maternal depression, poor adaptive

coping, and increased parental stress.13,14 Conversely, par-
ental satisfaction with disclosure (e.g. early diagnosis, posi-
tive attributes of the physician, informative content) has
been linked with better adaptation.15,16 Failure to promptly
identify and support parental psychosocial issues may con-
tribute to mental health morbidity for the family of the
child with CP.17

According to Canadian and Australian CP registries,
approximately 40% to 45% of children with CP are born
preterm;18,19 however, only a subset, typically those no
older than 29 weeks, are closely monitored by a neonatal
follow-up program, with the children determined not to be
at ‘high-risk’ of CP discharged to care in the community.
In addition, many children with CP are born at term and
may not have a high-risk history. Primary care practition-
ers (PCPs), such as pediatricians and family physicians, are
thus uniquely positioned to serve a crucial role in identify-
ing these children and referring them to medical specialists
for timely diagnosis, and to rehabilitation professionals for
intervention. Importantly, PCPs do not receive the same
advanced training in early childhood development as child
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neurologists and developmental pediatricians. Not surpris-
ingly perhaps, wide variability currently exists in their
knowledge and practice with respect to identifying children
with developmental disabilities.20,21

Apart from lacking an awareness of the early motor signs
of CP, PCPs and parents may be unaware of the roles
rehabilitation professionals have in early intervention.
Unnecessary delays in intervention may result from the lin-
ear serial model of referral, where diagnosis is often the
gateway for referral to rehabilitation services.22,23 In sum-
mary, although early identification is widely endorsed,
about half of children with CP do not benefit from close
monitoring and PCPs may not be adequately informed to
detect CP in this population. Thus, there is concern about
delays in referral for diagnosis of CP.
The focus of this review is on age at referral rather than

age at diagnosis as there may be strategies to optimize ear-
lier detection by PCPs and decrease age at referral. Age at
diagnosis may also be influenced by waiting lists, which is
a systemic issue. Nevertheless, as part of this scoping
review, we also documented age at diagnosis of CP and
age at rehabilitation intervention as they may provide use-
ful information related to potential predictors of earlier or
delayed diagnosis. Therefore, the primary aim of this study
was to determine from the existing literature what is
known about age at referral for diagnosis and for rehabili-
tation services of children suspected of having CP. A sec-
ond aim was to identify factors potentially predictive of
earlier or delayed referral for diagnosis.

METHOD
A scoping review was conducted on the basis of the frame-
work proposed by Arksey and O’Malley,24 and informed
by the enhancements proposed by Levac et al.25

Identifying the research question
The research question guiding this review was the follow-
ing: what is known from the existing literature about the
age at referral for diagnosis of children suspected of having
CP, and what factors have been associated with earlier
referral?

Identifying relevant studies
Given we anticipated that there would be a limited litera-
ture addressing this research question, we also included lit-
erature on age at diagnosis of CP, as well as age at referral
to rehabilitation services. With the assistance of an infor-
mation specialist, an electronic-database search strategy
was developed in MEDLINE and adapted for Allied and
Complementary Medicine, CINAHL, Cochrane Library,
Embase, and PsycINFO to uncover studies reporting on
age at referral for diagnosis of CP using a combination of
keywords and Medical Subject Headings (MeSH) terms:
cerebral palsy, spastic hemiplegia, spastic diplegia, spastic
tetraplegia, spastic quadriplegia, dyskinesia, ataxia, age,
delay, later, early, referral, consultation, primary health-
care, secondary care, tertiary healthcare, diagnosis, and

detection. Articles were also identified through reference
list screening/hand searching.

Study selection
Studies were limited to original published research and
expert opinion that had undergone the rigor of peer review
(grey literature, anecdotal, and expert-opinion sources were
thus excluded), published in English or French, from 1979
to 2017 inclusively. The clinical population of interest was
limited to infants and young people under 18 years of age
with CP. Studies were limited to those with a primary
focus on age at referral for diagnosis of CP and age at
diagnosis of CP (e.g. studies focusing on risk factors for
CP were excluded).
For this study, age at referral for diagnosis of CP was

operationalized as the age in months at which a child was
referred for diagnosis, usually from a PCP to a medical
specialist (e.g. child neurologist, developmental pediatri-
cian) for diagnosis of CP. Age at diagnosis of CP was
operationalized as the age in months at which a child for-
mally received a diagnosis of CP, usually from a medical
specialist. For this study, ages at ‘identification’ or ‘presen-
tation’ were included as age at diagnosis. Age at referral
for rehabilitation services and age at rehabilitation inter-
vention were similarly operationalized.
Three reviewers (ZB, JG, and AM) were involved in the

study screening and selection process. Two levels of
screening were performed: (1) title/abstract; and (2) full
text. Initially all titles/abstracts were screened for eligibility
by ZB and JG, with AM available to discuss and resolve
potential discrepancies. Before this initial level of screen-
ing, a calibration exercise was conducted to ensure reliabil-
ity in correctly selecting articles for inclusion: ZB and JG
randomly selected 5% (n=30 out of 597) of the retrieved
titles/abstracts, and interrater reliability exercises were per-
formed using a predefined relevance criteria form, which
demonstrated very good agreement (Cohen’s j=0.84). The
two reviewers then divided and completed the remaining
title/abstract screenings independently. The second level of
screening involved reading the full text of each article
retained from the title/abstract screening. ZB completed
the full-text reviews, and AM was consulted as needed for
further clarification of any ambiguities.

Charting the data
Using a descriptive–analytical method,26 the authors
applied an iterative approach in the development and inte-
gration of the data charting form. The following informa-
tion was recorded for each study as available: author, year
of publication, title, country of publication, research
methodology/type of study, clinical population/sample

What this paper adds
• Evidence on age at referral for diagnosis of cerebral palsy is sparse.

• Potential predictors of delayed referral represent targets to minimize delays
in diagnosis.

• A subset of children may be experiencing unnecessary delays in referral.
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characteristics, information on age at referral for diagnosis,
information on age at diagnosis, information on age at
referral for rehabilitation, and information on age at initia-
tion of rehabilitation services. Differences in extraction
were resolved by discussion or with the involvement of a
third reviewer (AM) if consensus could not be reached.
Studies were excluded at the full-text review level if during
data extraction some exclusion criteria were identified.

Collating, summarizing, and reporting the results
In accordance with Arksey and O’Malley,24 no formal qual-
ity assessment of the included studies was made as the aim
of this scoping review was to identify the breadth of the
literature and the major areas of research activity with cor-
responding resulting themes. As suggested by Levac
et al.,25 we incorporated both a quantitative analysis (nu-
merical summary) and qualitative analysis (identification of
factors related to earlier or delayed referral). Also true to
the scoping review methodology, the analytical description
of studies is meant to identify directions for practice and
gaps that should be addressed in future research.

RESULTS
Descriptive numerical analysis
As outlined in Figure S1 (online supporting information), a
total of 777 articles were initially retrieved through the
database searches, cross-referencing, and hand searching,
with 15 eventually retained for the final analysis. Most
studies were descriptive cohort studies with no testing of
factors related to predictive factors of age at referral, and
no specific recommendations for practice (Table I).

Age at referral for CP diagnosis
Only one study reported on age at referral for diagnosis. A
retrospective chart review27 found that children were
referred for diagnosis at a mean age of 16.6 months, with
high variability. Fifty-eight percent of children were
referred before 1 year of age, 23% between 1 year and 2
years of age, 6% between 2 years and 3 years of age, and
13% were 3 years of age or older.

Age at CP diagnosis
Eight studies reported on age at diagnosis,5,28–34 which ran-
ged between 8 months and 24 months. Several other
authors23,35–37 suggested that CP can be diagnosed as early
as 12 weeks, but may be more reliable as late as 36 months.

Age at referral to rehabilitation services
Only two studies reported on age at referral for rehabilita-
tion services.27,38 The mean age ranged between 12
months and 14 months, again with wide variability.

Age at initial rehabilitation intervention
Only one study focused on age at rehabilitation interven-
tion. Colver39 reported on the age at initiation of rehabili-
tation services for two cohorts of children with three types
of CP. Children with quadriplegia received services earlier

than the other subtypes. Age at intervention was earlier for
children in the later birth cohort.

Qualitative analysis
Analysis of the included studies (n=10) revealed several
potential predictors of earlier referral (Table SI, online
supporting information).

Factors influencing age at referral for diagnosis
Three potential predictors of referral at a younger age for
diagnosis were identified in one study.27 First, referral
source (operationally defined by the authors as a medical
specialist [e.g. child neurologist] or PCP [e.g. pediatrician])
was identified. Medical specialists accounted for most of
the referrals and flagged children for diagnosis significantly
earlier than PCPs. Second, having had a complicated birth
history (an initial admission to a neonatal intensive care
unit [NICU]) was identified. Children initially admitted to
a NICU were referred for diagnosis significantly earlier
than children not initially admitted to a NICU. Third, type
of CP (diplegia, hemiplegia, quadriplegia, mixed, ‘other’)
was identified. Children with certain subtypes of CP (diple-
gia, hemiplegia) are experiencing significant delays.

Factors influencing age at diagnosis
Two potential predictors of a younger age at diagnosis
were identified. Comparing type of CP, Lock et al.31

found the mean ages of presentation for children with
quadriplegia were earlier than for children with diplegia.
Of note, the authors concluded that CP subtype is an
insignificant predictor of earlier diagnosis, although it is
important to note that their sample size (n=57) was small
and did not include any children with hemiplegia.
The second potential predictor of a younger age at diag-

nosis was severity of motor impairment. One study30

reported a median age at diagnosis of 11.1 months across
CP types, although 6.6% were diagnosed at age 5 years or
older, with an earlier diagnosis associated with a higher
degree of motor disability. The Australian CP Registry
indicated that the average age for a description of CP is
19 months, but the authors noted the wide variability in
clinical practice with description as early as 1 week old for
children with more severe impairment, to 5 years of age
for children with mild to moderate severity.5

Factors influencing age at referral to rehabilitation
services
Three potential predictors of referral at a younger age for
rehabilitation services were identified. Hubermann et al.27

suggested that a complicated birth history may be a factor.
The subset of children initially hospitalized in the NICU
was referred for treatment earlier than children who were
discharged home and did not receive neonatal follow-up.
Lindstrom and Bremberg38 offered two potential predic-
tors. The first was referral source, since most of the chil-
dren referred at younger ages came from medical
specialists with advanced clinical training in early infant
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motor development. The second was severity of motor
impairment, as the authors found that children with a
‘mild’ CP were referred much later than children with
‘moderate’ or ‘severe’ CP.

Factors influencing age at rehabilitation intervention
Type of CP was identified as a potential predictor of initi-
ating rehabilitation services at younger age. Colver39

reported that children with quadriplegia received the earli-
est intervention compared with children with other sub-
types of CP.

DISCUSSION
To our knowledge, this is the first review of the literature
on age at referral for diagnosis for children suspected of
having CP. We performed a comprehensive search of

Table I: A summary of the characteristics of the included studies (n=15)

References Country

Study design/
research
methodology Clinical population/sample characteristics

Information on age at referral for diagno-
sis; age at diagnosis; age at rehabilitation

Ashwal
et al.35

USA Practice
parameter:
literature
review

All included studies had ≥20 patients The diagnosis of CP is given before age 2y

Bennett28 USA Commentary Average age at diagnosis of CP was 18mo
Bosanquet
et al.36

Australia Systematic
review

All included studies (n=19) assessed children at
high-risk of CP only

Propose CP can be more reliably assessed
and diagnosed at 36mo

Byrne
et al.29

USA Prospective
cohort study

Infants at high-risk of CP:
cohort A: 2014–2015 (n=70)
cohort B: 2016–2017 (n=175)

Mean age at diagnosis:
cohort A: 18mo�7mo, range 11mo–32mo
cohort B: 13mo�4mo, range 4mo–29mo

Colver39 UK Descriptive
cohort study

All children of preschool age in Northumberland
(3600 births each year)

Average age at which physiotherapy began
for children with CP:
birth years 1970–1977
quadriplegia (6.5mo)
diplegia (23mo)
hemiplegia (21mo)
birth years 1978–1985
quadriplegia (6.5mo)
diplegia (10mo)
hemiplegia (12mo)

Granild-
Jensen
et al.30

Denmark Descriptive
retrospective
cohort study

1291 children with CP born 1995–2003; registry,
population-based

Median age at diagnosis reported was
11.1mo across CP types; 6.6% were
diagnosed at age 5y or older

Hubermann
et al.27

Canada Retrospective
chart review

103 children with CP, born 2002–2012 Mean age at referral for diagnosis (n=99)
was 16.6mo�19.2mo (range 0.1mo–
89.9mo)
Mean age at referral to rehabilitation
services (n=90) was 13.9mo�15.8mo
(range 0.1mo–79.5mo)

Lindstrom
and
Bremberg38

Sweden Retrospective
cohort study

23 924 children born 1986–1990 (n=66 with CP) Mean age of referral to a habilitation unit
was 12.4mo (range 0.5mo–54mo)

Lock et al.31 USA Retrospective
chart review

738 consecutive children referred for
developmental evaluation between 1982 and
1983 (n=57 with CP)

Mean age of presentation:
diplegia: 15.9mo
quadriplegia: 12.1mo

McIntyre
et al.5

Australia Review N/A Average age for a description of CP to be
given is 19mo

Novak23 Australia Review N/A CP is historically diagnosed around 12mo–
24mo
Diagnosis at 12wks possible for children at
high-risk; early diagnosis for ‘healthy term
borns’ requires further research

Novak
et al.37

Australia Systematic
review

Children at high-risk for CP Diagnosis is usually made between 12mo
and 24mo, but now possible before 6mo
corrected age

Palfrey
et al.32

USA Cross-
sectional
survey

All children in special education programs in five
census districts (n=1726 children)

Mean age of identification of CP was
10.3mo

Stanley33 Australia Retrospective
cohort study

All children with the diagnosis of CP born in
Western Australia between January 1st, 1956 and
December 31st, 1975 (n=917 children with CP)

Mean age at diagnosis was 21mo; median
age 11mo; 3% of children diagnosed later
than 36mo

Tirosh
et al.34

Israel Population-
based survey

All children part of developmental screening from
January 1979 to December 1984; 29 108 children
(n=66 children with CP)

At diagnosis of CP:
42.5% were 1mo–12mo
43.9% were 13mo–24mo
13.6% were 25mo–36mo

CP, cerebral palsy.
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electronic databases, and had very good interrater reliabil-
ity during the screening and abstraction phases.
The results of this scoping review demonstrate that

available evidence is sparse about the current referral
practices of PCPs for children with CP, especially with
respect to the age at which children are currently being
referred to medical specialists for diagnosis of CP. Most
of the few available studies are older and report on birth
cohorts from the mid-1950s to the 1980s, but they sug-
gest variations in age at diagnosis ranging from 10
months to 21 months.31–33 It is important to note that
much of the literature found through this review, and
used in clinical practice, is ‘expert opinion’ in nature.
Current evidence lacks population-based data and strong
methodological designs to support best-practices. In the
single recent study that objectively explored age at refer-
ral for diagnosis, there was a high variability in the age at
which children were referred (mean 16.6mo�19.2mo;
range 0.1mo–89.9mo).27 It is also important to note that
most of the research so far in early identification and
early intervention has focused on children considered to
be at ‘high-risk’ of CP, potentially biasing the estimated
age at referral to an earlier age.5,23 Consequently, little is
known and further research efforts are required for the
almost half of children with CP born at term from
uncomplicated pregnancies, or who are born preterm (i.e.
30–36wks gestational age) and subsequently may not have
been in a neonatal follow-up program. In the two studies
that reported age at referral to rehabilitation services,
there was a similar high variability. Hubermann et al.27

found wide variability in clinical practice, with some chil-
dren experiencing delayed referral for diagnosis beyond 3
years of age. Similarly, Lindstrom and Bremberg38

reported that some children experienced delays for refer-
ral as late as age 4 years 6 months.
Some factors have been identified as being potentially

predictive of a younger age at referral both for diagnosis
and for rehabilitation services. The first is referral source,
with PCPs seeming to refer for diagnosis later than medi-
cal specialists. Since they often do not have the advanced
training that medical specialists receive in early infant
motor development, it is possible that PCPs may not rec-
ognize signs of early motor delay in their clinical practice
for the subset of children who are discharged home with-
out neonatal follow-up. It is important to acknowledge that
medical specialists may be evaluating children with more
severe impairment, or more high-risk infants through
neonatal follow-up programs, which may in part explain
the finding of earlier detection. The second potential pre-
dictor is having had a complicated birth history. The prenatal,
perinatal, and postnatal risk factors for CP are well known,
with some of the most important ones being low birth-
weight, known intrauterine infections, and multiple gesta-
tion.40 Since these early risk factors are often associated
with prompt neonatal follow-up that includes close devel-
opmental surveillance, children who fit this profile are
more likely to be identified and referred earlier than those

who are discharged home without neonatal follow-up. Not
surprisingly, severity of motor impairment may be a third
potential predictor of a younger age at referral, with
children having more severe motor impairment being
identified and referred earlier.
Synthesizing these results, it is possible that there are

two catchments of children with CP: (1) children with a
complicated birth history (initial NICU admission), who
are referred early for diagnosis and rehabilitation services
by medical specialists from neonatal follow-up programs;
and (2) children who do not have a complicated birth his-
tory (no risk factors, no initial NICU admission), or are
NICU graduates who do not meet criteria for entry to a
neonatal follow-up program, and are discharged to the
community and probably lost to follow-up until later age
when other delays may present.
While early identification and early intervention are

widely accepted as best practice for children suspected of
having CP, the available evidence suggests that an impor-
tant knowledge-to-practice gap may exist. If PCPs lack the
knowledge of the early signs of CP, they will continue to
experience challenges in detection in their practice, and
children will continue to experience delayed referral for
diagnosis and rehabilitation. Our findings have important
implications for stakeholders, researchers, and decision-
makers. Physicians (especially PCPs) and parents need to
be better informed on the early motor signs of CP. Con-
tinuing monitoring and support to address potential con-
cerns related to a child’s motor development area are also
needed.
This review, however, is not without limitations. We did

not search the grey literature, and restricted the search to
English and French publications published as of 1979,
excluding abstracts and conference proceedings. These
decisions possibly excluded some relevant studies. Also, as
per scoping review methodology, the quality of the
included studies was not assessed; thus there is a potential
risk of bias inherent from the studies’ low-quality
methodological design. However, the purpose of this
review was not to indicate what would be the best practice
in the field, but rather to gather a scope of the existing evi-
dence and current practices. Also, the lack of recent studies
across different countries prevented us from making any
meaningful comparisons across health care systems.
In a recently published strategic plan for CP research,

the National Institute of Child Health and Human Devel-
opment and the National Institute of Neurological Disor-
ders and Stroke stress the importance of early intervention,
linking successful outcomes with earlier diagnosis and
intervention.41 The potential benefits of earlier interven-
tion continue to be supported in the literature. As an
example, a recently published exploratory study found that
the use of baby-constraint induced movement therapy with
infants as young as 3 months to 8 months may improve
functional outcomes for children with unilateral CP.42 To
effectively target this recommendation it is essential to bet-
ter understand the current clinical picture for referral
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practices. This study highlights the need for population-
based data and high methodological designs on the current
referral practices of PCPs and the factors that contribute
to delays in referral and diagnosis. This would inform the
development of evidenced-based knowledge translation
tools to enhance early detection and prompt subsequent
simultaneous referral for diagnosis, medical management,
and rehabilitation services.

CONCLUSION
Literature is sparse on the current referral practices of
PCPs related to children suspected of having CP.
Although efforts have been made to promote develop-
mental surveillance, PCPs may lack awareness of the
early motor signs of CP, thus unnecessarily prolonging
the delays currently experienced in diagnosis and inter-
vention. This study highlights the need for population-
based data on the current referral practices of PCPs and
factors associated with delays in referral and diagnosis.
This will enable the identification of the precise know-
ledge gaps that exist in terms of early recognition of
CP, which will inform the targeted development of
knowledge translation tools to enhance early identifica-
tion and early intervention. Subsequently, continuing
professional development initiatives addressed to PCPs

should also be put in place to improve early detection
and referral.
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RESUMEN

EDAD DE DERIVACI�ON A LOS SERVICIOS DE DIAGN�OSTICO Y REHABILITACI�ON EN LA PAR�ALISIS CEREBRAL: REVISI�ON DEL
ALCANCE

OBJETIVO Este estudio busc�o (1) determinar qu�e se conoce sobre la edad de derivaci�on a los servicios de diagn�ostico y

rehabilitaci�on de ni~nos con sospecha de tener par�alisis cerebral (PC) e (2) identificar factores asociados con una derivaci�on m�as

temprana.

M�ETODO Se llev�o a cabo una revisi�on panor�amica para resumir la literatura existente. Buscamos sistem�aticamente en Allied and

Complementary Medicine, CINAHL, Cochrane Library, Embase, and PsycINFO la evidencia publicada entre 1979 y 2017 sobre la

edad de derivaci�on para el diagn�ostico o la edad de derivaci�on a los servicios de rehabilitaci�on de ni~nos con sospecha de PC. Se

realizaron an�alisis cuantitativos y tem�aticos de la literatura.

RESULTADOS Nuestra b�usqueda arroj�o 777 art�ıculos, de los cuales 15 cumplieron los criterios de inclusi�on. Solo un estudio estaba

enfocado en la edad de la derivaci�on para el diagn�ostico de PC (media 16.6m�19.2m), y dos sobre la edad de derivaci�on a los

servicios de rehabilitaci�on (media 13.9m�15.8m and 12.4m). Los posibles predictores de la derivaci�on m�as temprana incluyen la

procedencia de la derivaci�on, el tipo de PC, y una historia de nacimiento con complicaciones.

INTERPRETACI�ON La evidencia es escasa; sin embargo, los estudios disponibles sugieren que existe una alta variaci�on de la edad

en la que los ni~nos son derivados para ser diagnosticados, t�ıpicamente oscilando entre los 10 meses y los 21 meses. La evidencia

indica que subgrupos de ni~nos con PC pueden estar experimentando retrasos prolongados. Los hallazgos resaltan la necesidad de

comprender mejor lo que contribuye al retraso en la derivaci�on para el diagn�ostico y para la rehabilitaci�on.

RESUMO

IDADE DE ENCAMINHAMENTO PARA DIAGN�OSTICO E SERVIC�OS DE REABILITAC�~AO PARA PARALISIA CEREBRAL: UMA REVIS~AO
ABRANGENTE

OBJETIVO Este estudo buscou (1) determinar o que se sabe sobre a idade de encaminhamento para diagn�ostico e servic�os de

reabilitac�~ao para crianc�as com suspeita de paralisia cerebral (PC) e 2) identificar fatores associados com o encaminhamento

precoce.

M�ETODO Uma revis~ao de escopo foi realizada para sintetizar a literatura existente. N�os sistematicamente buscamos a Allied and

Complementary Medicine, CINAHL, Biblioteca Cochrane, Embase e PsycINFO por evidências publicadas entre 1979 e 2017 sobre

idade no momento do encaminhmento para diagn�ostico ou idade no momento do encaminhamento para servic�os de reabilitac�~ao
para crianc�as com suspeita de PC. An�alise quantitativa e tem�atica da literatura foram realizadas.

RESULTADOS Nossa busca resultou em 777 artigos, dos quais 15 atenderam aos crit�erios de inclus~ao. Apenas um estudo enfocou

a idade de encaminhamento para diagn�ostico de PC (m�edia 16,6 m � 19,2 m), com dois sobre a idade de encaminhamento para

servic�os de reabilitac�~ao (m�edia 13,9 m � 15,8 m e 12,4 m). Potenciais preditores do encaminhamento precoce inclu�ıram a fonte

do encaminhamento, o tipo de PC, e uma hist�oria de nascimento complicado.

INTERPRETAC�~AO A evidência �e escassa; no entanto, os estudos dispon�ıveis sugerem alta variac�~ao na idade em que crianc�as s~ao

encaminhadas para diagn�ostico, tipicamente variando de 10 a 21 meses. A evidência indica que subgrupos de crianc�as com PC

podem vivencar atrasos prolongados. Os achados enfatizam a necessidade de compreender melhor o que contribui para os

atrasos no encaminhamento para diagn�ostico e reabilitac�~ao.
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Stakeholders: Content-Experts, Knowledge-Users 

Canadian Cerebral Palsy Registry (CCPR) Site Leads 
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Age at Referral of Children for Initial
Diagnosis of Cerebral Palsy and
Rehabilitation: Current Practices

Lara Hubermann, BSc1, Zachary Boychuck, PhD2,3,4,
Michael Shevell, MDCM4,5, and Annette Majnemer, PhD2,3,4,5

Abstract

Objectives: This study describes current practices in the age at referral for diagnosis of cerebral palsy and factors that influence
earlier referral. Study Design: Retrospective chart review (2002-2012). Results: Of 103 children referred for diagnosis, 81
were referred to a neurologist by other medical specialists at a mean of 13.6 + 15.7 months, whereas primary care providers
referred much later (mean ¼ 28.8 + 27.1 months). Children admitted to the neonatal intensive care unit were referred earlier
(mean¼ 9.3+ 10.2 months) than those not (28.1+ 24.9 months). Referral to rehabilitation was similarly delayed.Conclusions:
Primary care providers generated a minority of referrals, of concern given their role in developmental surveillance. Remarkably
high variability suggests knowledge of cerebral palsy attributes varies widely among service providers. Half of children with
cerebral palsy do not have a complicated birth history; subsequently, referrals for diagnosis and management are often delayed.
New strategies are needed to optimize prompt referral by primary care providers.
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Cerebral palsy is the most common physical disability of

childhood and manifests early in life, during which time the

brain has the greatest potential for reorganization and plasti-

city. Therefore, early identification of developmental chal-

lenges is crucial for timely rehabilitation interventions that

can greatly improve outcomes.1,2 Earlier detection of cerebral

palsy could be facilitated by providing primary care physi-

cians with practical recommendations for timely referral to

neurologists for diagnosis as well as by promoting the simul-

taneous referral to rehabilitation services. Practices of simul-

taneous referral currently exist for other developmental

disabilities and have been proven successful.3,4

There is a general lack of awareness by primary care phy-

sicians of the early indicators of cerebral palsy and limited

formal knowledge of the different roles of rehabilitation spe-

cialties in early intervention, which typically leads to referral

to rehabilitation by a medical specialist rather than directly by

the primary care practitioner (in a linear serial model of refer-

ral).5,6 This contributes to unnecessary delays in intervention,

which has been strongly criticized by parents who felt that

their primary care providers dismissed their concerns and did

not provide sufficient explanation of their child’s develop-

mental difficulties.5 In a recent study on infants with perinatal

stroke (hemiplegic cerebral palsy), the interquartile range of

parental concern was 3.0 to 8.5 months, and for physicians

was 4.5 to 17.5 months, with an interquartile range for subse-

quent diagnosis of 8.0 to 30.0 months.7 Although screening

tools exist to assist primary care providers (pediatricians,

family physicians, nurse practitioners) in developmental sur-

veillance, the uptake and consistent application of this
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Quebec, Canada
5Departments of Neurology/Neurosurgery & Pediatrics, McGill University,
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information is often unsatisfactory.8,9 Furthermore, screen-

ing tools have been designed for the early identification of

developmental delays but not aberrant motor development

that is more typical for young children with cerebral palsy.

Tools currently available for developmental surveillance do

not offer explicit referral guidelines or distinct, user-

friendly clinical descriptors of atypical movements or pos-

tures seen in children with cerebral palsy.10-12 Accordingly,

these tools are lacking for identification of abnormal motor

development and quality of movement, which characterize

young children with cerebral palsy, as opposed to delays in

development.6

Very little evidence has been published on the particular attri-

butes that may be interpreted by primary care physicians as indi-

cators of referral for early detection of cerebral palsy and there is

minimal reported information about the process and timing of

cerebral palsy diagnosis. One study by Sharkey et al13 examined

the relationship between age at referral for investigation of a

physical disability (most eventually diagnosed as cerebral palsy)

and developmental outcome at 18 months of age and found that

those referred earlier (<9 months old) demonstrated signifi-

cantly greater gains (P < .001, all areas of development) at

follow-up developmental evaluation than those referred later,

even though these 2 groups were developmentally similar as

infants prior to intervention. Furthermore, there is a signifi-

cant lack of evidence in the current literature concerning

trends and patterns in age at referral to neurologists and reha-

bilitation specialists in relation to different variables (severity

of motor impairment, complications during pregnancy,

regional, and community factors). Among the limited exist-

ing findings, most date back to studies conducted more than

30 years ago and differ in their conclusions of timing of

diagnosis. In Australia (birth cohorts 1956-1975), mean age

of diagnosis was 21 months, whereas another study examin-

ing US birth cohorts of the 1970s and 1980s found mean age

for diagnosis to be 10 to 12 months.14-16 Moreover, existing

evidence is often focused on subsets of high-risk children,

such as those originally admitted to the neonatal intensive

care unit after birth, rather than studying a more

representative population-based sample with a wider range

of types and severities of cerebral palsy. In a Swedish cohort

of children diagnosed with cerebral palsy after formal devel-

opmental screening, mean age at diagnosis was 12.4 months.

Children with severe cerebral palsy were diagnosed at 7.1

months. Indeed, when excluding those with a high-risk birth

history, 24% were referred around 2 years of age and 16%
were 44 to 54 months of age.17

Therefore, the objective of this study is to bridge the knowl-

edge gap about the present state of cerebral palsy diagnosis and

reveal the current timeline of age at referral to medical and

rehabilitation specialists. The primary research question is to

what extent do birth history, disability profile, sociodemo-

graphic variables, and type of referring physician influence the

age at referral to a medical specialist for diagnosis and age at

referral to rehabilitation specialists for intervention among

children newly diagnosed with cerebral palsy.

There are thus 2 main objectives for this descriptive study:

1. Mapping the current referral practices of primary care

practitioners concerning age at referral to medical spe-

cialists for diagnosis and age at referral to rehabilitation

specialists for intervention.

2. Identifying subgroups of children with cerebral palsy

who are more likely to experience delays in diagnosis

and referral (type of cerebral palsy, uneventful birth

history).

Methods

Sample Characteristics

Our study population was derived from the computerized database of a

single pediatric neurologist (MS), containing patients seen at the fol-

lowing sites: the Montreal Children’s Hospital Neurology Outpatient

Clinic, the Montreal Children’s Hospital Neonatal Follow-up Clinic,

and the Children’s Care Clinic (a suburban group practice). The med-

ical records of the patients who met the following inclusion criteria

were included: (1) diagnosis of cerebral palsy and (2) born between

2002 and 2012. Immigration to Canada after birth was the single

exclusion criterion, as this may cause delay in diagnosis. The hospi-

tal’s Director of Professional Services approved data collection and

analysis for this study as is required for an anonymous chart review.

Operational Terms

Cerebral palsy was defined as a disorder of movement and posture

that, according to the international consensus definition by Rosen-

baum et al,18 is often accompanied by secondary musculoskeletal

problems and other comorbidities. For the purposes of this study, pri-

mary care provider/physician/practitioner was defined as a pediatri-

cian, family physician, or nurse practitioner who works in the

community and provides health surveillance and anticipatory gui-

dance care that is focused on prevention and early detection of health

conditions. As such, the role of the primary care provider would

include the early identification of young children who are suspected

of having cerebral palsy. The neurologist was considered to be the

medical specialist that the child was referred to for possible diagno-

sis, investigation, and medical management of cerebral palsy. It was

a pediatric neurologist in this study, but could also be a developmen-

tal pediatrician or any other medical specialist with expertise in

developmental disability. Rehabilitation specialists in this study

referred specifically to occupational therapists and physical thera-

pists. In the context of this study, other medical specialists were con-

sidered to be any other type of subspecialist who could have referred

the child to a neurologist for diagnosis (such as an orthopedic sur-

geon, neonatologist, cardiologist, or neurosurgeon). When consider-

ing potential predictor variables, birth history referred to admission

to the neonatal intensive care unit and to history of prematurity. Each

patient’s disability profile was considered to be the specific cerebral

palsy diagnosis received (subtype). Finally, sociodemographic vari-

ables included sex, parity (first born/first born with live twin/not first

born), referral source (primary care, other specialist), and immigra-

tion to Canada.
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Data Extraction Procedures

Three independent assessors reviewed the medical records of a ran-

dom sample of patients that met the aforementioned inclusion criteria.

The primary outcome of interest was: age at referral by a physician to

a medical specialist (neurologist) for diagnosis of cerebral palsy, and

age at referral to rehabilitation services (occupational therapy and

physical therapy) for children suspected or first diagnosed with cere-

bral palsy. Age when first seen by the neurologist for diagnosis and

age when first seen by rehabilitation services were documented. The

following variables were noted as potential independent (predictor)

variables: sex, parity (including information about adoption, twinship,

and siblings when available), admission to a neonatal intensive care

unit, type of physician (primary care physician, medical specialist)

referring to the neurologist for diagnosis, and the type of cerebral

palsy diagnosed (hemiplegia, diplegia, quadriplegia, mixed, and

other). Immigration to Canada was noted for exclusion, as this could

account for delays in referral.

In order to maximize consistency and uniformity of the medical

chart reviews between raters, an inter rater agreement exercise was

conducted. Two assessors independently reviewed 10 charts and sub-

sequently compared findings for all variables. This revealed the areas

most susceptible to discrepant interpretation and led to the creation of

a clear and unified rating system understood and implemented by

independent reviewers for the chart review process.

The most common and problematic discrepancies that arose

were related to the date of referral to and date seen by a medical

or rehabilitation specialist. Many charts showed that the patient was

seen at the hospital during the first stay (within a few days or weeks

following birth), but this usually did not involve a formal referral to

the specialist or a scheduled appointment for the purposes of verifi-

cation of a diagnosis of cerebral palsy. Therefore, it was agreed that

this data would not be considered and that rather, the first referral

by a primary care physician or medical specialist specifically

for diagnosis of cerebral palsy and the first scheduled appointment

with the medical specialist (neurologist) who diagnosed the child—

typically found outside other medical visits or admissions to the

hospital following birth—would be used. Furthermore, if the patient

received an appointment and was seen by a rehabilitation specialist

through a private institution before being seen at the hospital, this

information was favored as it occurred at an earlier date. Between

occupational and physical therapy, preference was given based

on first date of occurrence of either. Concerning parity, birth order

in relation to siblings was always registered, and any other relevant

information was also noted when available (age and gender of sib-

lings, twinship, adoption).

Statistical Analyses

Descriptive statistics were used to characterize the sample and

describe age at referral patterns. We evaluated if particular exposure

variables predicted the age first referred to a neurologist for diagnosis

of cerebral palsy. Using the Statistical Package for the Social Sciences

(SPSS), version 22.0, linear regressions, analysis of variance, and

t tests were conducted. The assumptions of linear regression were ver-

ified.19 Simple linear regressions were conducted with each of the 5

potential predictors (sex, parity, complicated birth history, referral

source, type of cerebral palsy). The dependent variable was age (in

months) at time of referral to a neurologist for diagnosis. A similar

analysis was conducted with age (in months) at time of referral to a

rehabilitation specialist as the dependent variable.

Results

Sample Characteristics

A total of 119 medical charts were reviewed. Cases (children

diagnosed with cerebral palsy) where the patient immigrated

to Canada (n ¼ 16) in childhood were excluded, and analysis

was conducted on the final retrospective sample comprising

103 patients. The sample consisted of 58 (56.3%) males and

45 females (47.3%). Information on parity was available in

95 cases: 50 (52.6%) were first born, 39 (41.1%) were not first

born and had a living sibling, and 6 (6.3%) were first born with

a living twin. Of the charts where information on perinatal/birth

history was available (n ¼ 98), 60 (61.2%) had been admitted

to the neonatal intensive care unit compared to the 38 (38.8%)

who had not. Of 103 patients, 81 (78.6%) had been referred to

the neurologist for diagnosis by another medical specialist,

compared to 22 (21.4%) who had been referred by a primary

care physician. The cerebral palsy subtype was established for

all 103 patients, and the majority had a spastic subtype of cere-

bral palsy: 39 (37.9%) hemiplegia, 24 (23.3%) diplegia, 23

(22.3%) quadriplegia, and 17 (16.5%) other.

Factors Influencing Age at Referral to a Medical Specialist

Of the charts where information on age at referral for diagnosis

of cerebral palsy was available (n ¼ 99/103), the range was

highly variable (0.1-89.9 months, mean ¼ 16.6 + 19.2

months); 57 (58%) were referred at �1 year of age, 23 (23%)

between >1 and <2 years of age, 6 (6%) between �2 and

<3 years of age, and 13 (13%) were �3 years of age.

The subset of children hospitalized in the neonatal intensive

care unit (n ¼ 58) was referred to a neurologist for diagnosis

earlier (mean: 9.3 + 10.2 months) than the subset not origi-

nally in a neonatal intensive care unit (n ¼ 36) (28.1 + 24.9

months) (b ¼ –18.8, r2 ¼ 0.22, P < .001). Furthermore, these

results illustrate that an important subset of patients (10/32;

31.3%), who were not originally admitted to a neonatal inten-

sive care unit, were over 2 years of age when they were referred

to rehabilitation services, compared to patients in the neonatal

intensive care unit, for which referral after 2 years of age was

rare (3/53; 5.7%).

The majority of children (n ¼ 81) were referred to a neurol-

ogist for diagnosis by other medical specialists (78.6%) at a

mean age of 13.6 + 15.7 months, whereas a primary care pro-

vider referred the remaining cases (21.4%) at a mean age of

28.8 + 27.1 months (b ¼ –15.2, r2 ¼ 0.10, P ¼ .002). The

majority of patients referred for diagnosis under 1 year of age

(50/57; 87.7%) were referred by other specialists, not primary

care practitioners. Primary care practitioners are unlikely to

refer, and when they did, it was often at an older age: 7/19

(37%) were�2 years of age at referral to a neurologist for diag-

nosis. The distribution by age bracket of age at referral for diag-

nosis according to type of referring physician can be found in

Table 1.

A significant difference was found between the various

types of cerebral palsy and age at referral for diagnosis:
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diplegia (n ¼ 21), mean age of 31.6 + 24.9 months; hemiple-

gia (n ¼ 38), mean age of 15.2 + 16.5 months; quadriplegia

(n ¼ 23), mean age of 10.9+ 16.9 months; mixed (n ¼ 1), age

of 2.6 months; other (n ¼ 16), mean age of 8.8 + 7.1 months

(F ¼ 5.357, P < .001). Analysis of any association between sex

and parity as potential predictor variables of referral age did not

yield significant results. The degree to which the aforemen-

tioned potential predictor (independent) variables were associ-

ated with age at referral for diagnosis (dependent variable) can

be found in Table 2.

Factors Influencing Age at Referral to a Rehabilitation
Specialist

For the charts in which there was information on age at referral

to rehabilitation services (n¼ 90), the range was similarly vari-

able (0.1-79.5 months, mean¼ 13.9+ 15.8 months): 57 (63%)

were referred at �1 year of age, 19 (21%) between >1 and <2

years of age, 4 (4%) between �2 and <3 years of age, and 10

(11%) were �3 years of age.

Once again, the subset of children originally hospitalized

in the neonatal intensive care unit was referred significantly

earlier (mean¼ 9.4+ 10.8 months) than those not so admitted

(mean ¼ 20.9 + 20.2 months) (b ¼ 11.5, r2 ¼ .12, P < .001).

The distribution by age bracket of age at referral to rehabilita-

tion services according to original admission to a neonatal

intensive care unit can be found in Table 3. Analysis of any

association between sex and parity as potential predictor vari-

ables of referral age did not yield significant results. The distri-

bution by age bracket of age at referral to rehabilitation

services according to type of referring physician can be found

in Table 1. The degree to which the aforementioned potential

predictor (independent) variables were associated with age

referred to rehabilitation services (dependent variables) can

be found in Table 2.

Discussion

The data highlight a significant delay in referral for diagnosis,

and remarkably, a paucity of referrals that were originated by

primary care providers (especially family physicians). High

variability (age range at referral: 0.1-90.0 months) in both

physician groups suggests that knowledge of attributes of cer-

ebral palsy differs widely. Overall, a delay in age at initial

referral of children with cerebral palsy to medical specialists

for diagnosis (42% of cases >1 year old) and to rehabilitation

specialists (37% of cases >1 year old) was found. This delay is

problematic because a formal diagnosis of cerebral palsy is a

catalyst for (1) medical investigations to ascertain cause and

effective management of comorbidities, (2) referral to rehabi-

litation specialists to provide therapeutic interventions to opti-

mize function, and (3) educating families and providing the

appropriate resources and supports to begin the process of

family adaptation and coping.20 Our findings of striking delay

in the referral and diagnosis timeline therefore highlight the

recognition of the need for early detection and intervention

and the reality of delays in referral by primary care practi-

tioners that could have deleterious impacts on child and fam-

ily functioning and health.

This study also aimed to address the lack of evidence con-

cerning trends and patterns in the referral timeline in relation

to different variables. A minority (21.4%) of referrals came

from primary care practitioners and these referrals occurred

at a significantly later mean age compared to referrals provided

by pediatric subspecialists. These results concerning primary

care providers are of concern given the latter’s vital role in

early detection of developmental disabilities. This result under-

lines the lack of use and/or lack of specificity of existing

Table 1. Age at Referral to Neurologist and Rehabilitation Specialist by Referring Physician Type.

Age at referral

�1 y old >1 and <2 y old �2 and <3 y old �3 y old

To neurologist for diagnosis
By medical specialist (n ¼ 80) 62% (n ¼ 50) 23% (n ¼ 18) 5% (n ¼ 4) 10% (n ¼ 8)
By primary care physician (n ¼ 19) 37% (n ¼ 7) 26% (n ¼ 5) 11% (n ¼ 2) 26% (n ¼ 5)

To rehabilitation specialist for intervention
By medical specialist (n ¼ 72) 64% (n ¼46) 21% (n ¼ 15) 4% (n ¼ 3) 11% (n ¼ 8)
By primary care physician (n ¼ 18) 61% (n ¼ 11) 22% (n ¼ 4) 6% (n ¼ 1) 11% (n ¼ 2)

Table 2. Results of Linear Regressions Conducted.

Potential predictor
variables for
earlier referral

Age at
referral for
diagnosis

Age at referral to
rehabilitation

services

Sex (male/female) b ¼ –2.2
R2 ¼ .003
P ¼ .571

b ¼ –4.5
R2 ¼ .021
P ¼ .178

Parity (first born/first born with living
twin/not first born)

b ¼ –1.6
R2 ¼ .006
P ¼ .458

b ¼ –2.2
R2 ¼ .017
P ¼ .233

Complicated birth history (admission
to neonatal intensive care unit)

b ¼ 18.8
R2 ¼ .221
P ¼ .001

b ¼ 11.5
R2 ¼ .124
P ¼ .001

Referral source to neurologist for
diagnosis (medical specialist/
primary care practitioner)

b ¼ –15.2
R2 ¼ .098
P ¼ .002

b ¼ –5.9
R2 ¼ .022
P ¼ .159

Type of cerebral palsy (hemiplegia/
diplegia, quadriplegia/other)

b ¼ –2.8
R2 ¼ .028
P ¼ .099

b ¼ –2.7
R2 ¼ .036
P ¼ .072
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screening tools by primary care providers as well as their lack

of application of knowledge and understanding of the early

clinical indicators of cerebral palsy.7,8 Our findings stress the

need to develop user-friendly knowledge translation tools that

will enable primary care providers to accurately and promptly

detect attributes associated with cerebral palsy.

We also aimed to study a more representative sample con-

sisting of a variety of types of cerebral palsy, as the research

to date has tended to focus on subsets of high-risk children. The

subset of children hospitalized in the neonatal intensive care

unit was referred to a neurologist for diagnosis earlier than

those not admitted. Often other specialists were providing ser-

vices to these children for other reasons at the hospital, where-

upon their suspicions about cerebral palsy prompted referral to

neurology. Almost half of children with cerebral palsy are not

born premature or do not have a complicated birth history and

for these, referrals to specialists for diagnosis and management

are postponed, often beyond 3 years of age. This suggests that

children with an uneventful birth history are a particularly vul-

nerable subgroup as they are more likely to experience delays

in eventual diagnosis and referral, and that future screening

practices in the community (by primary care physicians) should

be adjusted accordingly.

Age at referral to rehabilitation for assessment was similarly

delayed, particularly for those not admitted to the neonatal

intensive care unit. These results emphasize primary care phy-

sicians’ poor understanding of the distinct roles of the various

rehabilitation specialties, which typically leads to referral to

rehabilitation by a medical specialist rather than the primary

care practitioner (in a linear serial model of referral). In the

recent published report by the American Academy of Pedia-

trics’ Neuromotor Screening Expert Panel, the recommenda-

tion made for children with suspected neuromotor delay is

that ‘‘concurrent referrals should be made to physical and/or

occupational therapists while diagnostic investigations are pro-

ceeding,’’ prior to formal medical diagnosis.6 (p. 2024) Further-

more, the urgency of simultaneous referral underscores the

need for clinical decision tools that, if helpful, can minimize

the well documented waiting times for treatment in this popu-

lation and thereby promote better outcomes. Early interven-

tions by rehabilitation therapists focus on enabling families

to be effective caregivers in optimizing the functioning and

health of their child with cerebral palsy. The anticipated impact

is that parents will be more rapidly informed and better

engaged in the process of detection, and will benefit from an

earlier access to resources and family supports, thus potentially

optimizing physical, social, and emotional functioning in chil-

dren with cerebral palsy and their families.

An important limitation of this study is that it used a con-

venience sample; all charts reviewed belonged to patients of a

single neurologist (MS) from 1 tertiary care hospital setting.

In order to validate these findings, an environmental scan is

essential, which is expected to provide a population-based

understanding of current referral practices for initial diagnosis

of cerebral palsy and rehabilitation services. Certain limita-

tions are inherent in the chart review methodology. These

include incomplete documentation, including missing charts,

information that is unrecoverable or unrecorded, difficulty

interpreting information found in the documents (such as jar-

gon, acronyms, photocopies, and microfiches), and variance

in the quality of information recorded by medical profession-

als.21 We attempted to minimize most of these difficulties by

conducting a reliability exercise and creating a standardized

method of interpreting/collecting the data. Certain limitations

such as unavailable information or the physicians’ inconsis-

tent recording of certain variables could not be controlled for.

For example, in this feasibility study, the severity level accord-

ing to the Gross Motor Function Classification System score

could not be studied as part of the disability profile potential

predictor variable as, too often, it was not recorded consistently

in the medical chart.22 A national study is now underway in

4 regions of Canada, which will enable the recruitment of a

large population-based sample from the Cerebral Palsy Registry.

Severity of cerebral palsy (Gross Motor Function Classification

System, Manual Ability Classification System), perinatal fac-

tors, and etiologic determinants are collected in a standardized

fashion in the registry and will be examined as potential determi-

nants of early or late referral for diagnosis.

This scan of referral practices, conducted with a conveni-

ence sample drawn from the patient database of a single neurol-

ogist (MS) at a tertiary care pediatric hospital, reports objective

contemporary evidence of delays in referral for diagnosis and

to rehabilitation services for children with cerebral palsy. The

results highlight that there are subgroups of children with cere-

bral palsy who are experiencing pronounced delays in this pro-

cess (children who were not admitted to a neonatal intensive

care unit; children with hemiplegia and especially diplegia).

The considerable variability in the referral practices of both

Table 3. Age at Referral to Neurologist and Rehabilitation Specialist by Original Admission to a Neonatal Intensive Care Unit.

Age at referral

�1 y >1 and <2 y �2 and <3 y �3 y

To neurologist for diagnosis
Originally admitted to a neonatal intensive care unit (n ¼ 58) 71% (n ¼ 41) 26% (n ¼ 15) 0% (n ¼ 0) 3% (n ¼ 2)
Not originally admitted to a neonatal intensive care unit (n ¼ 36) 36% (n ¼ 13) 19% (n ¼ 7) 17% (n ¼ 6) 28% (n ¼ 10)

To rehabilitation specialist for intervention
Originally admitted to a neonatal intensive care unit (n ¼ 53) 74% (n ¼ 39) 21% (n ¼ 11) 1% (n ¼ 1) 4% (n ¼ 2)
Not originally admitted to a neonatal intensive care unit (n ¼ 32) 50% (n ¼ 16) 19% (n ¼ 6) 9% (n ¼ 3) 22% (n ¼ 7)
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primary care practitioners and medical specialists illustrates the

knowledge gap that exists with respect to timely and simulta-

neous referral practices to medical and rehabilitation specialists

for young children suspected of having cerebral palsy. A

larger-scale, population-based environmental scan of referral

practices would be crucial to better understand current referral

practices and to inform the creation of knowledge translation

decision tools designed to prompt earlier and simultaneous

referral to appropriate specialists for diagnosis, medical man-

agement, and therapeutic intervention.
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Current Referral Practices for Diagnosis and Intervention for Children
with Cerebral Palsy: A National Environmental Scan

Zachary Boychuck, OT, MScA1,2,3, John Andersen, MD4,5, Darcy Fehlings, MD6,7, Adam Kirton, MD8, Maryam Oskoui, MD,

MSc9, Michael Shevell, MD9, Annette Majnemer, OT, PhD1,2,3, the PROMPT Group*

Objectives To describe current physician referral practices with respect to age at referral to medical specialists
for initial diagnosis of cerebral palsy (CP) and rehabilitation specialists for intervention and to identify factors asso-
ciated with delayed referral.
Study design National environmental scan of 455 children diagnosed with CP who were born in Canada between
2008 and 2011, selected from 4 sites within the Canadian CP Registry (Edmonton, Calgary, Toronto, andMontreal).
Two sources of information were used—children’s medical charts and the population-based registry, which pro-
vided corresponding data for each child. Primary outcomes extracted from the charts were age at referral for diag-
nostic assessment, age at diagnosis, age at referral for rehabilitation services, and age at initial rehabilitation
intervention. Twelve variables were explored as potential predictors. Descriptive statistics, bivariate analyses,
and multiple linear regressions were conducted.
Results Median age (in months) at referral for diagnostic assessment was 8 (mean: 12.7 � 14.3), diagnosis 16
(mean: 18.9 � 12.8), referral for rehabilitation services 10 (mean: 13.4 � 13.5), and rehabilitation initiation 12
(mean: 15.9� 12.9). Lower maternal education, mild severity of motor dysfunction, type of CP, early discharge after
birth, and region of residence explained between 20% and 32% of the variance in age at referral for assessment,
diagnosis, referral for rehabilitation, and rehabilitation initiation.
Conclusions Findings suggest wide variability exists in the age at which young children with CP are referred to
specialists for diagnosis and intervention. User-friendly tools are therefore needed to enhance early detection and
referral strategies by primary care practitioners, to ensure early interventions to optimize developmental outcomes
and enhance opportunities for neural repair at a younger age. (J Pediatr 2019;-:1-8).

C
erebral palsy (CP) is a disorder of movement and posture resulting from injury to the developing brain, and it is the
most common cause of physical disability in children.1,2 Studies in animals have provided compelling evidence of the
benefits of early intervention in optimizing brain development and

function attainment.3-6 Interventions using novel strategies (eg, intensive
constraint and bimanual approaches) have the potential to modulate maladap-
tive circuitry of the damaged brain.7-9 Early intensive trainingmay facilitate brain
organization during the critical period of plasticity, which combined with early
family education and support, can enhance long-term outcomes for the child and
family.10-12

North American pediatric societies widely endorse early identification of
developmental disabilities by primary care practitioners to initiate interventions
without delay.13,14 Existing screening tools focus on delayed milestone acquisi-
tion but do not delineate attributes related to abnormal quality of movement
essential to the timely detection of CP. The knowledge gap by primary care prac-
titioners in the early detection of motor disorders has been a concern raised by
the American Academy of Pediatrics.15 Parents of children with CP have ex-
pressed their dissatisfaction associated with delays in the diagnostic process
resulting in negative repercussions to adaptive coping and personal health.16-18

Current research in the field of early identification of CP has focused primarily
on children considered to be at high risk for CP who experienced neonatal adver-
sity. However, approximately one-half of children eventually diagnosed with CP
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are born at term after an uneventful pregnancy or are born
premature but above the gestational age cut-off for neonatal
follow-up. Traditionally, physicians have assumed a “wait-
and-see” approach for the diagnosis of CP.10 In addition, if
primary care practitioners do eventually refer the child for
diagnostic assessment, they may not simultaneously refer
the child to rehabilitation professionals, and thus the initia-
tion of rehabilitation services may further be delayed.19

A recent scoping review found that published evidence
described older studies of birth cohorts from the mid-
1950s to the 1980s, and referral practices may have changed
over time.20 Most reported samples were not population-
based, potentially biasing the data to favor documentation
of earlier referral of more high-risk infants. Furthermore,
the age of referral was found to be widely variable, with an
important subset whose referral was delayed as late as 2-
4 years of age. Results from a single-site study conducted
by our group identified a subset of children with CP (hemi-
plegia and especially diplegia) who experienced delayed
referral for diagnosis and rehabilitation and might be consid-
ered as potential priorities for efforts aimed at decreasing the
age at referral.19

This study aimed to describe current practices within a
population-based sample across multiple sites, with respect
to the age at which children suspected of having CP are
referred to medical and rehabilitation specialists and factors
that are associated with earlier referral. More specifically,
we aimed to determine to what extent do sociodemographic
and child characteristics, birth history, CP profile, and
referral source influence the age at referral for diagnostic
assessment and for rehabilitation services among Canadian
children with CP.

Methods

A historical cohort design was applied in this environmental
scan of current physician referral practices for the diagnosis
of CP and subsequent rehabilitation intervention. The cohort
included children who were registered in a population-based
registry, across four regions of Canada.

Participants were recruited via the CCPR (Canadian CP
Registry; https://www.cpregistry.ca/), a voluntary, confiden-
tial national database of medical and sociodemographic
information about children with CP and their families. Spe-
cifically, the CCPR serves to provide a national profile of
children with CP, identify potential risk factors, collect epide-
miologic data, and provide an infrastructure for researchers
conducting population-based studies on CP. As part of the
data-collection process, the CCPR gathers information via
parental interviews and is also granted access to the medical
charts of the mother and child. Participants were identified
via the CCPR platform and had consented previously to hav-
ing their information, including medical histories, poten-
tially used in future research projects. Although no further
contact with the children or parents was required, to access
their medical charts, ethical approval was required and

obtained from the following institutional research ethics
boards: Conjoint Health Research Ethics Board, Calgary, Al-
berta (E-24218); Health Research Ethics Board–Health Panel,
Edmonton, Alberta (Pro00015821); Holland Bloorview
Research Ethics Board, Toronto, Ontario (10-179); McGill
University Health Centre, Montreal, Quebec (09-234-PED);
Centre hospitalier universitaire Sainte-Justine, Montreal,
Quebec (3059); Comit�e d’�ethique de la recherche des
�etablissements du CRIR, Quebec (CRIR-517-0510); and the
Shriner’s Hospital for Children, Montreal, Quebec (A06-
M64-11A).
Participants for this study included CCPR birth cohorts

from 2008 to 2011 inclusive, allowing confirmation of diag-
nosis at 5 years of age. This restricted the sample to the 7 clin-
ical regional centers that were enrolling participants between
2008 and 2011: Alberta Children’s Hospital, Calgary, Alberta;
Glenrose Rehabilitation Hospital, Edmonton, Alberta;
Holland Bloorview Kids Rehabilitation Hospital, Toronto,
Ontario;MAB-Mackay RehabilitationCenter/Montreal Chil-
dren’s Hospital/Hopital St-Justine/L’Institut de r�eadaptation
en d�eficience physique de Qu�ebec/Shriners Hospital for Chil-
dren, Quebec. Participants were excluded if (1) the child’s
family immigrated toCanada, as that could account for delays
observed; or (2) the charts did not include information on at
least one of the primary outcomes.

Data Sources and Extraction Procedures
At the onset of this study, the CCPR was not collecting data
on age at referral for diagnostic assessment of CP, age at
diagnosis of CP, age at referral for rehabilitation services,
age at initiation of rehabilitation services, or referral sources.
Working in collaboration with the co-directors of the CCPR
and the National Coordinators, the authors created 5 addi-
tional variables that were subsequently added to the CCPR
data collection manual: (1) date of referral for diagnosis;
(2) referral source for diagnosis (medical specialist [eg,
orthopedist, physiatrist, otolaryngologist] or primary care
practitioner [eg, community-based pediatrician, family
physician]); (3) date seen by a specialist for diagnosis; (4)
date of initial referral for rehabilitation services; and (5)
date of initiation of rehabilitation services.
Retrospective reviews of the medical charts of the child

and mother were conducted across the 7 sites between
November 24, 2014, and December 5, 2018, by 7 dedicated
CCPR site coordinators or research assistants who were
trained and familiar with both the CCPR and its REDCap
online data platform. To ensure consistent data-collection
strategies across sites and assistants, the data collection
was standardized and incorporated into the CCPR Data
Collection Manual. Support was provided as needed
throughout the data collection process via telephone and
e-mail. Using the child’s date of birth and the information
collected, we were able to determine the following primary
outcomes of interest: age at referral by a physician to a
medical specialist for diagnosis of CP, age at diagnosis of
CP, age at referral to rehabilitation services, and age at initi-
ation of rehabilitation services.
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CCPR. The following information was available for each
participant via the CCPR and was extracted and explored
as potential predictors of referral. Sociodemographic vari-
ables: sex; socioeconomic status (maternal and paternal edu-
cation level); urban/rural (as per Statistics Canada mapping
system: Postal CodeOM Conversion File, Reference Guide,
2016. Statistics Canada Catalogue no. 92-154-G). Birth his-
tory: gestational age (in weeks), extended hospitalization af-
ter birth (hospitalization ³4 days); parity, prematurity (yes/
no). CP profile: severity of motor dysfunction (Gross Motor
Function Classification System [GMFCS] score; GMFCS
Level I-III [ambulatory], GMFCS Level IV-V [non-ambula-
tory]); type of CP (hemiplegia, diplegia, triplegia/quadri-
plegia, or “other”). The final potential predictor considered
was region (CCPR regional center; Edmonton, Calgary, Tor-
onto, and Montreal).

Statistical Analyses
Using Statistical Analysis System, version 9.4 (SAS Institute,
Cary, North Carolina), descriptive statistics were applied to
characterize our population-based sample of children with
a confirmed diagnosis of CP. Mean, SD, median, and range
were determined for all 4 age outcomes (age at referral for
diagnosis, age at diagnosis, age at referral for rehabilitation,
age at initiation of rehabilitation services; in months, to
one decimal place). Bivariate analyses were then conducted.
Correlations were used to assess the association between
the 4 age outcomes and the sole continuous potential predic-
tor variable (gestational age); t tests/ANOVAwere conducted
with the 4 age outcomes and the 11 categorical potential pre-
dictor variables (sex; parity; urban/rural; maternal education;
paternal education; extended hospitalization after birth; pre-
maturity; severity of motor dysfunction; type of CP; referral
source for diagnosis; and region). Informed by these results,
multiple linear regressions were conducted with the potential
predictors that demonstrated the most significance on the
bivariate analyses as the independent variables, and the 4
age outcomes as the dependent variables.

Results

Of the 1850 children enrolled in the CCPR, 520 were born be-
tween the years 2008 and 2011 at the participating recruit-
ment sites. Cases (children diagnosed with CP) for whom
their family immigrated to Canada in early childhood were
excluded (n = 60), as were cases for which the charts did
not contain information on at least one of the primary age
outcomes (n = 5). Thus, 455 participants with a confirmed
diagnosis of CP at 5 years of age were retained as the sample
for detailed analysis.

Table I provides an overview of child and
sociodemographic characteristics, birth history, CP profile,
and referral source. As expected, there was a preponderance
of males. Almost one-half of children were first-born. The
majority of families lived in urban settings, and parental
education was primarily college education or greater. The

median gestational age was 37.0 weeks, 43.9% of children
were born premature (<37 weeks of gestation), and 69.3%
of children required extended hospitalization after birth.
The most common type of CP was hemiplegia, and most
children were GMFCS Level I-III (ambulatory with or
without assistance).

Outcome Variables
Table II provides detailed descriptive statistics for age at
referral for diagnostic assessment, age at diagnosis, age at
referral to rehabilitation specialists, and age at initiation of
rehabilitation services. Most cases had documentation of age
at diagnosis; however, a smaller subset (75.8%-83.3%) had
documentation of age at referral for diagnostic assessment,
age at referral to rehabilitation specialists, and age at
rehabilitation initiation. All 4 outcomes demonstrated high
variability across sites, and the data highlight that for each
outcome there was a subset of children who were >1 year of
age: age at referral for diagnostic assessment (>1 year:
37.6%), age at diagnosis (>1 year: 68.6%), age at referral for
rehabilitation (>1 year: 40.1%), and age at initiation of
rehabilitation (>1 year: 48.3%).

Bivariate Analyses
Table III presents the significance of all 12 predictor
variables against all 4 age outcomes. All ages that follow are
in months.

Factors Influencing Age at Referral for Diagnostic
Assessment
Maternal Education. Children whose mothers completed a
college/trade program were referred later (n = 73; mean:
15.9 � 18.1; median: 12.0) than children whose mothers
completed university (n = 96; mean: 10.4 � 12.1; median:
6.0) and high school or less (n = 123; mean: 11.8� 11.3; me-
dian: 9.0; F(2, 289) = 3.63, P = .0276).

Extended Hospitalization After Birth. Children who went
home within 3 days of birth (n = 100) were referred at a
mean age of 16.7 � 11.7 (median: 13.5), much later than
those initially requiring intensive care (n = 220) who were
referred at a mean age of 9.8 � 13.1 (median: 4.0; t
[318] = 4.51, P < .0001).

Severity of Motor Dysfunction. Children with GMFCS
Level I-III (ambulatory, n = 245) were referred at a later
age (mean: 14.4 � 13.6; median: 12.0), compared with those
with GMFCS Level IV-V (n = 95; mean: 8.3 � 15.1; median:
3.9; F[1, 338] = 13.09, P = .0003).

Type of CP. Children with diplegia (n = 68; mean:
18.2 � 16.7; median: 15.5), hemiplegia (n = 133; mean:
13.4 � 12.7; median: 10.0), and “other” types of CP
(n = 47; mean: 13.9 � 19.0; median: 8.0) were referred
significantly later than children with triplegia/quadriplegia
(n = 97; mean: 7.2 � 9.4; median: 3.9; F[3, 341] = 8.90,
P < .0001).
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Referral Source. The majority of children (53.8%;
n = 178) were referred for diagnosis by another
medical specialist at a mean age of 9.1 � 12.5
(median: 3.5), and children referred by a primary care
provider (46.2%; n = 153) were significantly older
(mean: 17.5 � 15.3; median: 14.0; t[292.85] = 5.42,
P < .0001).

Site. As detailed in Table II, the mean age of referral was
younger for children in Edmonton and Calgary than those
in Toronto and Montreal (F[3, 341] = 6.97, P = .0001).
Analysis of any association between sex, parity, urban/rural,
paternal education, gestational age, and prematurity as
potential predictors of referral age did not yield significant
results.

Factors Influencing Age at Diagnosis
Sex. Female children (n = 175) received a diagnosis at a
mean age of 20.6 � 14.1 (median: 18.0), which was delayed
compared with male children (n = 245; mean: 17.6 � 11.7;
median: 15.0; t[331.33] = �2.27, P = .0236).

Maternal Education. Children whose mothers completed a
college/trade program (n = 91; mean: 19.3 � 16.8; median:
15.0) were diagnosed later than children whose mothers
completed university (n = 122; mean: 15.5 � 10.4; median:
13.0) and high school or less (n = 150; mean: 18.9� 9.9; me-
dian: 17.0; F[2, 360] = 3.42, P = .0339).

Severity of Motor Dysfunction. Children with GMFCS
Level I-III were diagnosed later (n = 301; mean:

Table I. Sample patient characteristics

Potential predictor variables Whole sample (n = 455) Edmonton (n = 190) Calgary (n = 89) Toronto (n = 103) Montreal (n = 73)

Sociodemographic variables
Maternal education (n = 395) (n = 143) (n = 86) (n = 95) (n = 71)

High school or less, n (%) 161 (40.8) 72 (50.3) 32 (37.2) 29 (30.5) 28 (39.4)
College/trade, n (%) 102 (25.8) 28 (19.6) 28 (32.6) 30 (31.6) 16 (22.5)
University, n (%) 132 (33.4) 43 (30.0) 26 (30.2) 36 (37.9) 27 (38.0)

Paternal education (n = 363) (n = 127) (n = 83) (n = 87) (n = 66)
High school or less, n (%) 141 (38.8) 54 (42.5) 30 (36.1) 34 (39.1) 23 (34.8)
College/trade, n (%) 112 (30.9) 48 (37.8) 28 (33.7) 19 (21.8) 17 (25.8)
University, n (%) 110 (30.3) 25 (19.7) 25 (30.1) 34 (39.1) 26 (39.4)

Sex (n = 455) (n = 190) (n = 89) (n = 103) (n = 73)
Male, n (%) 264 (58.0) 103 (54.2) 55 (61.8) 61 (59.2) 45 (61.6)
Female, n (%) 191 (42.0) 87 (45.8) 34 (38.2) 42 (40.8) 28 (38.4)

Urban/rural (n = 405) (n = 152) (n = 79) (n = 103) (n = 71)
Rural, n (%) 16 (4.0) 9 (6.0) 3 (3.8) 0 (0.0) 4 (5.6)
Small population (1000-29 999), n (%) 56 (13.8) 37 (24.3) 19 (24.1) 0 (0.0) 0 (0.0)
Medium population (30 000-99 999), n (%) 31 (7.7) 16 (10.5) 15 (19.0) 0 (0.0) 0 (0.0)
Large urban population (100 000+), n (%) 302 (74.6) 90 (59.2) 42 (53.2) 103 (100.0) 67 (94.4)

Birth history
Gestational age, wk (n = 453) (n = 189) (n = 89) (n = 102) (n = 73)

Mean � SD 35.1 � 5.1 35.6 � 4.8 34.8 � 5.5 34.2 � 5.4 35.4 � 4.9
Median 37.0 38.0 37.0 36.0 37.0
Range 23.0-42.0 24.0-41.0 23.0-41.0 23.0-42.0 25.0-41.0

Extended hospitalization after birth (n = 414) (n = 177) (n = 87) (n = 83) (n = 67)
No, n (%) 127 (30.7) 62 (35.0) 22 (25.3) 24 (28.9) 19 (28.4)
Yes, n (%) 287 (69.3) 115 (65.0) 65 (74.7) 59 (71.1) 48 (71.6)

Parity (n = 448) (n = 186) (n = 88) (n = 102) (n = 72)
First child, n (%) 208 (46.4) 87 (46.8) 36 (40.9) 48 (47.1) 37 (51.4)
Second child, n (%) 133 (29.7) 52 (28.0) 31 (35.2) 31 (30.4) 19 (26.4)
³Third child, n (%) 107 (23.9) 47 (25.3) 21 (23.9) 23 (22.5) 16 (22.2)

Prematurity (n = 453) (n = 189) (n = 89) (n = 102) (n = 73)
No, n (%) 254 (56.1) 116 (61.4) 47 (52.8) 50 (49.0) 41 (56.2)
Yes, n (%) 199 (43.9) 73 (38.6) 42 (47.2) 52 (51.0) 32 (43.8)

CP profile
Severity of motor dysfunction (n = 445) (n = 189) (n = 89) (n = 101) (n = 66)

GMFCS Level I-III (ambulatory), n (%) 326 (73.3) 133 (70.4) 71 (79.8) 74 (73.3) 48 (72.7)
GMFCS Level IV-V (non-ambulatory), n (%) 119 (26.7) 56 (29.6) 18 (20.2) 27 (26.7) 18 (27.3)

Type of CP (n = 453) (n = 190) (n = 89) (n = 101) (n = 73)
Hemiplegia, n (%) 179 (39.5) 83 (43.7) 37 (41.6) 33 (32.7) 26 (35.6)
Diplegia, n (%) 88 (19.4) 35 (18.4) 16 (18.0) 20 (19.8) 17 (23.3)
Tri/quadriplegia, n (%) 122 (26.9) 51 (26.8) 24 (27.0) 27 (26.7) 20 (27.4)
Other, n (%) 64 (14.1) 21 (11.1) 12 (13.5) 21 (20.8) 10 (13.7)

Referral source for diagnosis
Referral source for diagnosis (n = 371) (n = 187) (n = 79) (n = 58) (n = 47)

Medical specialist, n (%) 188 (50.7) 107 (57.2) 45 (57.0) 25 (43.1) 11 (23.4)
Primary care practitioner, n (%) 183 (49.3) 80 (42.8) 34 (43.0) 33 (56.9) 36 (76.6)

CP, cerebral palsy; GMFCS, Gross Motor Function Classification System; n, sample size; SD, standard deviation.
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20.5 � 12.3; median: 18.0) compared with those with
GMFCS Level IV-V (n = 110; mean: 14.7 � 13.1; median:
13.0; F[1, 409] = 17.18, P < .0001).

Type of CP. Children with diplegia (n = 83; mean:
24.1 � 13.0; median: 21.0), hemiplegia (n = 167; mean:
18.9 � 12.4; median: 15.0), and “other” types of CP
(n = 56; mean: 19.1 � 17.6; median: 15.5) were diagnosed
later than children with triplegia/quadriplegia (n = 113;
mean: 14.7 � 8.5; median: 13.0; F[3, 415] = 9.12,

P < .0001). Analysis of any association between parity, ur-
ban/rural, paternal education, gestational age, extended hos-
pitalization after birth, prematurity, referral source for
diagnosis, and region as potential predictors of age of diag-
nosis did not yield significant results.

Factors Influencing Age at Referral for
Rehabilitation Services
Maternal Education. Children whose mothers completed a
college/trade program (n = 91; mean: 19.3 � 16.8; median:

Table II. Outcome variables

Age, mo Whole sample (n = 455) Edmonton (n = 190) Calgary (n = 89) Toronto (n = 103) Montreal (n = 73)

Age at referral for
diagnostic assessment

(n = 345) (n = 177) (n = 84) (n = 38) (n = 46)

Mean � SD 12.7 � 14.3 11.0 � 13.1 11.0 � 12.0 21.8 � 15.8 14.5 � 17.9
Median 8.0 6.0 6.0 18.0 9.5
Range 0.0-114.0 0.0-65.0 0.0-49.0 0.0-76.0 0.0-114.0

% 1-2 y old, n (%) 75 (21.7) 32 (18.1) 17 (20.2) 13 (34.2) 13 (28.3)
% >2 y old, n (%) 55 (15.9) 24 (13.6) 11 (13.1) 13 (34.2) 7 (15.2)

Age at diagnosis (n = 420) (n = 189) (n = 83) (n = 81) (n = 67)
Mean � SD 18.9 � 12.8 20.1 � 12.1 17.9 � 12.2 19.6 � 11.8 15.5 � 16.0
Median 16.0 18.0 14.9 17.9 12.0
Range 0.0-122.0 0.0-67.0 1.0-51.0 3.0-56.0 0.0-122.0

% 1-2 y old, n (%) 189 (45.0) 98 (51.9) 30 (36.1) 36 (44.4) 25 (37.3)
% >2 y old, n (%) 99 (23.6) 46 (24.3) 21 (25.3) 22 (27.2) 10 (14.9)

Age at referral for rehabilitation
services

(n = 379) (n = 148) (n = 74) (n = 95) (n = 62)

Mean � SD 13.4 � 13.5 10.6 � 12.1 10.9 � 10.7 21.4 � 12.8 11.0 � 15.8
Median 10.0 7.0 7.5 18.0 7.0
Range 0.0-117.0 0.0-61.0 0.0-47.1 2.0-76.0 0.0-117.0

% 1-2 y old, n (%) 90 (23.7) 21 (14.2) 14 (18.9) 40 (42.1) 15 (24.2)
% >2 y old, n (%) 62 (16.4) 19 (12.8) 7 (9.5) 32 (33.7) 4 (6.5)

Age at initiation of
rehabilitation

(n = 370) (n = 144) (n = 70) (n = 85) (n = 71)

Mean � SD 15.9 � 12.9 13.7 � 11.7 13.0 � 11.0 23.8 � 10.8 13.8 � 15.4
Median 12.0 10.0 9.5 22.0 10.0
Range 1.0-122.0 1.0-64.0 1.0-48.0 5.9-62.0 2.0-122.0

% 1-2 y old, n (%) 103 (27.8) 29 (20.1) 16 (22.9) 39 (45.9) 19 (26.8)
% >2 y old, n (%) 76 (20.5) 19 (13.2) 10 (14.3) 38 (44.7) 9 (12.7)

SD, standard deviation; n, sample size.

Table III. Bivariate analysis results

Potential predictor variables
Age at referral for

diagnostic assessment
Age at

diagnosis
Age at referral for

rehabilitation services
Age at rehabilitation

initiation

Sociodemographic variables
Maternal education * * * *
Paternal education - - - -
Sex - * - -
Urban/rural - - - -

Birth history
Gestational age - - - -
Extended hospitalization after birth * - * *
Parity - - - -
Prematurity - - - -

CP profile
Severity of motor dysfunction * * * *
Type of CP * * * *

Referral source for diagnosis
Referral source for diagnosis * - * *

Region
Site * - * *

*Significant at the P < .05 level.
CP, cerebral palsy.
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15.0) were referred later than children whose mothers
completed university (n = 122; mean: 15.5 � 10.4; median:
13.0) and high school or less (n = 150; mean: 18.9� 9.9; me-
dian: 17.0; F[2, 331] = 3.08, P = .0474).

Extended Hospitalization After Birth. Children who did
not require admission at birth (n = 8) were referred at a
mean age of 16.6� 11.8 (median: 13.0), significantly delayed
compared with children who were initially admitted
(n = 249) who were referred at a mean age of 11.2 � 12.4
(median: 7.1; t[345] = 3.71, P = .0002).

Severity of Motor Dysfunction. Children with GMFCS
Level I-III were referred later (n = 270; mean:15.0� 12.7; me-
dian: 12.0) compared with children with GMFCS Level IV-V
(n = 100; mean: 9.8 � 15.1; median: 6.0; F[1, 368] = 11.12,
P = .0009).

Type of CP. Children with hemiplegia (n = 149; mean:
14.4 � 12.5; median: 11.0), “other” types of CP (n = 52;
mean: 15.2 � 18.7; median: 10.0) and especially diplegia
(n = 70; mean: 18.2� 15.5; median: 14.0), were referred later
than children with triplegia/quadriplegia (n = 107; mean:
8.0 � 7.5; median: 6.0; F[3, 374] = 9.86, P < .0001).

Referral Source. Children who were referred for diagnosis
by a primary care practitioner (n = 145) were referred for
rehabilitation at a mean age of 16.6 � 14.9 (median: 13.0),
whereas those referred for diagnosis by a medical specialist
(n = 159) were referred to rehabilitation at a mean age of
10.5.1 � 12.7 (median: 6.0); t(302) = 3.87, P = .0001.

Site. As detailed in Table II, the mean age of referral was
greater in Toronto compared with the other 3 sites (F[3,
375] = 16.83, P < .0001). Analysis of any association
between sex, parity, urban/rural, paternal education,
gestational age, and prematurity as potential predictors of
rehabilitation referral age did not yield significant results.

Factors Influencing Age at Rehabilitation Initiation
Maternal Education. Children whose mothers completed a
college/trade program (n = 83; mean:18.9 � 17.4; median:
13.0) initiated rehabilitation later than children whose
mothers completed university (n = 106; mean: 13.2 � 8.9;
median: 11.0) and high school or less (n = 135; mean:
16.3 � 12.4; median: 12.0); (F[2, 321] = 4.51, P = .0117).

Extended Hospitalization After Birth. Children who were
not admitted for care (n = 100) initiated rehabilitation at a
mean age of 17.9� 12.2 (median: 13.0), significantly delayed
compared with children who were initially admitted
(n = 238) who began at a mean age of 14.0 � 11.0 (median:
10.0; t[336] = 2.88, P = .0043).

Severity of Motor Dysfunction. Children with GMFCS
Level I-III initiated rehabilitation later (n = 266;
mean:17.2 � 12.2; median: 13.0) compared with those with

GMFCS Level IV-V (n = 95; mean: 12.9 � 14.3; median:
9.0; F[1, 359] = 7.99, P = .0050).

Type of CP. Children with diplegia (n = 62; mean: 18.8 �
11.1; median: 18.0), hemiplegia (n = 151; mean:16.7 �
12.8; median: 12.0), and “other” types of CP (n = 56;
mean: 18.6 � 18.7; median: 14.0) received services later
than children with triplegia/quadriplegia (n = 99;
mean:11.2 � 8.0; median: 9.0; F[3, 364] = 6.71, P = .0002).

Referral Source. Children who were referred for diagnosis
by a primary care practitioner (n = 142) initiated rehabilita-
tion at a mean age of 18.5 � 15.2 (median: 13.0), and those
referred by a medical specialist (n = 151) started at a mean
age of 12.6 � 10.1 (median: 9.0; t[242.89] = 3.85, P = .0001).

Site. As detailed in Table II, the mean age of initiation was
greater in Toronto compared with the other 3 sites (F[3,
366] = 15.59, P < .0001). Analysis of any association
between sex, parity, urban/rural, paternal education,
gestational age, and prematurity as potential predictors of
initiation age did not yield significant results.

Multivariate Analysis
Table IV presents the results for the multiple linear
regression models. The following predictors explained
between 20% and 32% of the variance for the four age
outcomes of interest: maternal education, severity of motor
dysfunction, type of CP, extended hospitalization after
birth, and region.

Discussion

This environmental scan represents a population-based
empirical study on current referral practices of Canadian
physicians with respect to the diagnostic assessment and
rehabilitation of children suspected of having CP. This study
advances the results of a pilot study conducted by the au-
thors,19 which documented delays in referral for diagnosis
and rehabilitation for a subset of children with CP, and iden-
tified potential predictors that may contribute to these delays.
The results of the current study highlight that there is wide
variability in the age at which young children with CP are
referred to specialists for diagnosis and intervention. Chil-
dren referred for diagnosis from primary care, children
with mild motor dysfunction (GMFCS I-III), children with
hemiplegia and especially diplegia, children not requiring
an extended hospitalization after birth, and children whose
mothers did not have a university-level education were
observed to have been referred much later. Overall, greater
maternal education (ie, university-level) was associated
with earlier referral and earlier diagnosis. Referral and reha-
bilitation may be early in a subset of mothers with lower ed-
ucation (eg, high school or less); however, this findingmay be
confounded by a greater likelihood for high-risk (eg prema-
ture) delivery and need for closer follow-up. Although it is
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not surprising that children with more severe motor dysfunc-
tion (GMFCS IV-V) and triplegia/quadriplegia are detected
and referred earlier, these results highlight the need for
improved awareness of the early motor signs and attributes
of milder CP subtypes (ie, hemiplegia, diplegia).
Early identification and intervention for developmental

disabilities is considered best practice, as such can capitalize
on a critical period of brain plasticity that enhances the po-
tential effects of intervention.12 Thus, delays in identification
or referral for diagnostic assessment provide additional and
unnecessary prolongations to rehabilitation interventions,
the consequences of which can be detrimental to both the
child and family. One possible factor contributing to the de-
layed referrals from primary care providers is that knowledge
of the early clinical features associated with increased risk of
CP may differ. A recent scoping review synthesizing the evi-
dence on the early clinical attributes of CP suggested that
there is a lack of accessible and user-friendly signs that can
be used with confidence by primary care practitioners in
the early detection of CP.21

In an effort to address this knowledge gap, a recent
consensus study used nominal group techniques with Cana-
dian content experts and knowledge users to develop expert-
informed content regarding early motor attributes consistent
with CP that should prompt physician referral for diagnostic
assessment, as well as concurrent referral recommendations
for other interventions.22 The results were then validated
through an online Delphi survey of international experts in
CP management, which resulted in the following: 6 clinical
features that should prompt referral for diagnosis, 2 “warning
sign” features that warrant monitoring, and 5 referral recom-
mendations to other healthcare professionals to occur simul-
taneously with referral for diagnosis.23

This study is not without limitations. Selection and infor-
mation bias are inherent in retrospective chart reviewmethod-
ology (eg, incomplete documentation, missing charts, and
difficulty interpreting information found in the documents).24

To mitigate this limitation, we provided training and a stan-
dardized manualized method of interpreting and collecting
the data. The individual at each site who collected the data
periodically reviewed any challenges with the first author, to
ensure consistent data collection strategies across sites.

Table IV. Multiple linear regression results

Predictor variables b P value

Age (mo) at referral for diagnostic assessment
Sex (female vs male) 2.1 .126
Maternal education .028

High school 3.5
College 4.4
University Reference

Extended hospitalization after birth (yes vs no) �4.3 .006
Severity of motor dysfunction (ambulatory vs

non-ambulatory)
4.0 .038

Type of CP .001
Diplegia 3.3
Hemiplegia �1.0
Triplegia/quadriplegia �5.5
Others Reference

Referral source (specialist vs primary care) �4.6 .001
Region <.0001

Calgary �1.3
Edmonton �2.8
Toronto 9.2
Quebec Reference

Age (mo) at diagnosis
Sex (female vs male) 2.1 .113
Maternal education .020

High school 4.2
College 2.9
University Reference

Extended hospitalization after birth (yes vs no) 0.5 .714
Severity of motor dysfunction (ambulatory vs

non-ambulatory)
7.5 .0001

Type of CP .009
Diplegia �0.1
Hemiplegia �4.7
Triplegia/quadriplegia �5.0
Others Reference

Referral source (specialist vs primary care) �2.2 .104
Region .025

Calgary 0.9
Edmonton 2.2
Toronto 7.0
Quebec Reference

Age at referral for rehabilitation
Sex (female vs male) 1.4 .335
Maternal education .054

High school 4.0
College 3.1
University Reference

Extended hospitalization after birth (yes vs no) �4.1 .016
Severity of motor dysfunction (ambulatory vs

non-ambulatory)
3.9 .055

Type of CP .001
Diplegia 5.1
Hemiplegia 0.1
Triplegia/quadriplegia �4.4
Others Reference

Referral source (specialist vs primary care) �1.5 .352
Region <.0001

Calgary �0.1
Edmonton �0.7
Toronto 11.9
Quebec Reference

Age at initiation of rehabilitation
Sex (female vs male) 0.5 .735
Maternal education .009

High school 4.6
College 4.7
University Reference

Extended hospitalization after birth (yes vs no) �3.2 .043
Severity of motor dysfunction (ambulatory vs

non-ambulatory)
5.7 .004

(continued )

Table IV. Continued

Predictor variables b P value

Type of CP .046
Diplegia 0.8
Hemiplegia �2.3
Triplegia/quadriplegia �4.9
Others Reference

Referral source (specialist vs primary care) �2.4 .101
Region <.0001

Calgary �0.8
Edmonton 0.0
Toronto 10.0
Quebec Reference

CP, cerebral palsy.
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Another limitation is related to recruitment bias where for
some sites (ie, Toronto, Montreal) access to the children’s
community hospital charts was more restricted, resulting in
missing data. Furthermore, both in Montreal and Toronto
there were several staffing changes that limited data collection.
Thus, the sample profiles and subsequent data from those re-
gions may not be truly representative of the current practices
across types and severities of CP. Finally, 62.4% of our sample
came from Alberta, and thus the generalizability of the results
to the rest of Canada would require further validation.

Approximately one-half of children with CP do not have a
complicated birth history necessitating close surveillance by
neonatal follow-up programs and are followed in their com-
munity by primary care practitioners. The results of this
environmental scan can be used to inform the creation of
user-friendly educational knowledge translation tools (eg,
pocket card, Web-based resource, poster in waiting room)
to enhance early detection and referral strategies by primary
care physicians and parents. The ultimate aim is to decrease
the delays identified in this study and to optimize child and
family functioning and health. Efforts to disseminate this
knowledge are now underway, and these results have been
included in the most recent revision of The Rourke Baby Re-
cord,25 an evidence-based health supervision guide for pri-
mary healthcare practitioners of children in the first 5 years
of life, which has considerable reach in the context of Cana-
dian primary care surveillance. n
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Abstract
Objectives: To develop expert-informed content regarding the early motor attributes of cerebral palsy 
(CP) that should prompt physician referral for diagnostic assessment of CP, as well as concurrent re-
ferral recommendations. This content will be used in the creation of knowledge translation (KT) tools 
for primary care practitioners and parents.
Methods: Two nominal group processes were conducted with relevant stakeholders, representing 
Canadian ‘content experts’ and ‘knowledge-users’, using an integrated KT approach.
Results: Six attributes were identified that should prompt referral for diagnosis. If the child 
demonstrates: Early handedness <12  months; stiffness or tightness in the legs between 6 and 
12 months; persistent fisting of the hands >4 months; persistent head-lag >4 months; inability to sit 
without support >9 months; any asymmetry in posture or movement. Five referral recommendations 
were agreed upon: Motor intervention specialist (physical therapy and/or occupational therapy) for 
ALL; speech-language pathology IF there is a communication delay; audiology IF there is parental or 
healthcare professional concern regarding a communication delay; functional vision specialist (e.g., 
optometrist or occupational therapist) IF there is a vision concern (e.g., not fixating, following, or 
tracking); feeding specialist (e.g., occupational therapist, speech-language pathologist) IF there are 
feeding difficulties (e.g., poor sucking, poor swallowing, choking, and/or not gaining weight).
Conclusion: Rigorous consensus methods provided the initial evidence necessary to inform the con-
tent of tools to assist primary care providers in the early detection of CP. Results will be validated 
through a Delphi process with international experts, and user-friendly formats of this KT tool will be 
developed collaboratively with stakeholders.

Keywords: Cerebral palsy; Child; Diagnosis; Primary health care; Referral and consultation; Rehabilitation.

Cerebral palsy (CP) is the most common physical disability of 
childhood (1), with an estimated prevalence of 2.3/1,000 births 
(2), with lifelong consequences, affecting autonomy, health, 

and participation. For children suspected of having CP, prompt 
referral to medical specialists for diagnostic evaluation and to 
rehabilitation professionals for assessment and intervention is 
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widely accepted as best practice (3,4). Paediatric societies and 
governmental policies widely endorse early identification of de-
velopmental disabilities by primary care practitioners (PCPs), 
such as paediatricians and family medicine physicians (5,6). 
Early interventions incorporating child-initiated movement, 
parental education, and environment modification have the 
potential to optimize long-term motor outcomes for the child 
(7). Early psychosocial support for families is also important: 
Parents of children with CP have expressed dissatisfaction as-
sociated with delays in the diagnostic process, with negative 
repercussions to adaptive coping and health (8,9), while better 
long-term adaptation to having a child with a disability is as-
sociated with satisfaction with this diagnostic process (10,11).

Limited population-based evidence exists on the age at which 
children with CP are referred for diagnosis and intervention. 
Hubermann et  al. (12) demonstrated that: PCPs refer later 
than medical specialists; subsets of children with CP experi-
ence delayed referral; and referral is delayed for rehabilitation. 
A Canada-wide environmental scan of referral practices is un-
derway and preliminary results suggest similar patterns (13). 
One study on children with hemiplegia found that parental con-
cern was typically at 4 to 6 months, whereas final diagnosis was 
only 12 to 18 months (14).

The early motor signs of CP are recognizable to medical and 
rehabilitation specialists who have advanced training in child 
development and neurologic status. PCPs, however, may lack 
the overt awareness of these early clinical signs, as well as the 
roles of rehabilitation professionals in early intervention. PCPs 
may use developmental screening tools that focus on the child 
meeting milestones (15). However, these tools are not sensitive 
enough to capture potentially subtle early attributes of CP such 
as aberrant quality of movement. For example, these tools can 
miss children with CP who demonstrate mild motor impair-
ment (e.g., Gross Motor Function Classification System Level 
I and II [16]). These children represent more than half of the 
children with CP (17). A  recent scoping review on the early 
clinical signs associated with CP found that evidence is sparse, 
with little discrimination between motor delay and CP (18). 
Furthermore, most studies focused exclusively on high-risk 
groups such as premature infants.

The primary aim of this study was to develop expert-
informed content on early motor attributes of CP to be used 
in the creation of widely disseminated knowledge translation 
tools targeting PCPs and parents. For children suspected of 
having CP, prompt referral by PCPs to early-intervention serv-
ices is recommended (19). A survey of American paediatricians 
revealed wide variability in knowledge and practices related to 
the identification of motor delays in children, including uncer-
tainty with respect to how to diagnose and manage children 
with motor delays (20). Health professionals have tradition-
ally taken a ‘wait and see’ approach to providing a diagnosis of 

CP, which often delays the child from receiving targeted early-
intervention services during a critical period of brain plasticity, 
and can be potentially harmful to children and their families 
(3). Of concern, delays in age at referral to rehabilitation serv-
ices have been documented for children with CP (12). Thus, 
a secondary aim of this study was to develop expert-informed 
content on referral recommendations for physicians to use si-
multaneously as they refer children suspected of having CP for 
diagnostic investigation.

It is considered best practice to use evidence-based re-
search to inform clinical decisions (21), however, its absence 
necessitates drawing upon the expert opinion and experience of 
clinicians and other experts (22) via consensus methods where 
the steps in the process have been made explicit and can be 
repeated (23). They represent an improvement over informal 
consensus methods because the decision-making process is 
transparent, accountable and democratic (24). The nominal 
group technique (NGT) (25) has many advantages as a con-
sensus method (26–28). This includes facilitated face-to-face 
meetings between participants and a structure that enables the 
active involvement of participants in each phase of the process 
of consensus-building.

RESEARCH QUESTIONS
i.  Participants in consensus Group  1 were asked to iden-

tify and come to consensus on “What early clinical signs or
attributes of CP should prompt referral to a medical specialist
for diagnosis?”

ii.  Participants in consensus Group  2 were asked to achieve
consensus on the following: “At the time children are being
referred to a medical specialist for diagnosis, to which health
professionals, other than physicians, should children suspected of 
having CP also be referred?”

METHODS
Design
Two consensus groups were conducted using a NGT (25).

Participants
Twenty (n=20) national (Canadian) and local (Montreal, 
Quebec) stakeholders were invited to participate in the con-
sensus process. These invitees represented ‘content experts’ (child 
neurologists, developmental paediatricians, rehabilitation 
specialists) and ‘knowledge-users’ (community paediatricians, 
family physicians, parents of children diagnosed with CP) in 
the primary care context of an early diagnosis of CP. Most of 
the invited participants were co-investigators on this project, 
though additional participants were identified through snow-
ball sampling (personal communication with co-investigators). 
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Two invitees declined to participate citing unavailability. 
Consent for participation was obtained from all remaining 18 
participants. This provided two purposive samples for the two 
consensus groups.

Consensus Group  1 consisted of 12 (n=12) participants: 
PCPs (paediatricians=2), medical specialists (paediatric 
neurologists=3; developmental paediatricians=2); parents 
of young children with CP (mother=1; father=1); researcher 
(paediatrician with expertise in primary care health services re-
search=1); rehabilitation clinicians with expertise in early inter-
vention (occupational therapist=1; physical therapist=1).

Consensus Group  2 consisted of thirteen (n=13) 
participants, with some overlap in participants from Group  1 
(n=7): Medical specialists (paediatric neurologists=2; devel-
opmental paediatricians=2); parents of young children with 
CP (mothers=2); researchers (as above=1; occupational ther-
apist with expertise in early diagnosis of CP=1); rehabilitation 
clinicians (occupational therapists=2; physical therapist=1; so-
cial worker=1; speech-language pathologist=1).

Data collection
Pre-NGT exercise
In advance of the face-to-face meeting for both groups, 
participants were asked to complete a brief online question-
naire, which primarily consisted of demographic information, 
and one question primed participants to begin thinking about 
the topic to be discussed. Participants in Group 1 were asked:

“In your experience, what are 1–2 early motor signs, postures 
and/or behaviours that are easily observable in the clinic or 
at home, that should be considered as early markers of CP 
which should prompt referral to a medical specialist for diag-
nosis?”

Participants in Group 2 were asked:

“In your experience, to which medical specialists/health pro-
fessionals, other than physicians, should children suspected of 
having CP be referred?”

Procedures
Both group sessions were co-led in English by three facilitators 
familiar with the nominal group technique (AB, AM, ZB). Each 
group was provided with an overview of the most recent evi-
dence in the field related to their group’s question to help in-
form their decision making. Group  1 was provided with the 
preliminary results of two scoping reviews on early clinical 
attributes of CP (18) and age at referral for diagnosis of CP and 
to rehabilitation specialists for intervention (29). Participants 
also received the preliminary results of an environmental scan 
of referral practices of Canadian physicians (13) highlighting 
particular subgroups of children more likely to be referred later 
(i.e., children with hemiplegia or spastic diplegia; mild motor 

impairments), and a recent chart review on age at referral for 
diagnosis of CP and for rehabilitation services (12). Group 2 
was similarly provided with the results of the scoping review on 
age at referral for diagnosis of CP (29), the preliminary results 
of the environmental scan (13), and relevant literature on reha-
bilitation interventions for children with CP (30).

Following this overview of existing evidence, the group 
facilitators ensured that the steps detailed in Table 1 were 
followed in the NGT process (31,32) in order to come to con-
sensus. Items recorded during the silent, private idea generation 
were shared out loud with the group through a round-robin ap-
proach. In the serial discussion of ideas that followed regarding 
the merit of each item, clarifications and definitions were 
sought. Similar items were grouped together to facilitate item 
prioritization; optimal wording that represented each grouping 
was then determined collectively (e.g., ‘asymmetry’ as a clinical 
attribute to prompt referral), and items not specific enough for 
CP (e.g., ‘paradoxical breathing patterns’, ‘clumsy child’) were 
eliminated. This discussion resulted in the reduction and refine-
ment of a final list of twelve items, which participants rated indi-
vidually on paper. The results were tabulated by the facilitators 
and projected on a screen. A thematic analysis of the responses 
was then conducted. All participants in Group 1 and Group 2 
completed anonymous feedback forms.

RESULTS
Identifying clinical attributes to prompt referral: Item 
generation
In total, 35 items were recorded during the silent, private idea gen-
eration were shared with the group (Supplementary Appendix 
A). In the serial discussion of ideas, it was suggested that an age 
or temporal qualifier should be attached to the attributes, as the 
timeframe in development at which they appear or persist was 
deemed relevant. Suggested age cut-offs were then proposed and 
added. Members of the group also felt that some attributes did 
not achieve the necessary high level of agreement but were still 
important to include. It was therefore proposed that although 
they should not necessarily be used to prompt referral for diag-
nosis immediately, they should be considered as a ‘warning sign’ 
to monitor the child. Through discussion and consensus, the final 
list of attributes were agreed upon, in which the observation of 
any single one should be used to prompt referral for diagnosis 
of CP (Table 2). The group was satisfied with the final list; thus, 
there was no need for a subsequent consensus process. The 
attributes agreed upon were: If the child demonstrates

• Early handedness before 12 months of age
• Stiffness or tightness in the legs between 6 and 12 months of age 

(e.g., unable to bring their toes to mouth during diapering)
• Persistent fisting of the hands beyond 4 months of age
• A persistent head-lag beyond 4 months of age
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• An inability to sit without support beyond 9 months of age
• Any asymmetry in posture or movement

The two ‘warning signs’ agreed upon that should prompt
closer monitoring and surveillance over time rather than imme-
diate referral included: If the child demonstrates

• A persistent startle (Moro) reflex beyond 6 months of age.
• Consistent toe walking or asymmetric-walking beyond 12 months

of age.

Recommendations for referral to other health 
professionals: Item generation
The second consensus group followed the same nominal group 
process as the first group. Following an initial silent, private idea 
generation phase, all items (n=18; Supplementary Appendix B) 
were shared out loud with the group in a round-robin approach. 
There was much discussion about where the child should be re-
ferred (e.g., type of institution or program). It was agreed that for 

purposes of generalizability, specifics regarding where to refer 
would not be appropriate as each community has a different lo-
cally specific service delivery model. Consensus was meant to 
focus on what specific type of nonphysician health professionals 
to simultaneously refer the child, in addition to a medical spe-
cialist for diagnosis. Similar items were clustered to facilitate 
item prioritization. This discussion resulted in the reduction 
and refinement of a final list of items (n=9) which participants 
then rated individually on paper in a preliminary voting process 
(Table 3). The group was satisfied with the final list; thus, there 
was no need for a subsequent consensus process. The referral 
recommendations agreed upon included the following:

• Motor intervention specialist (physical therapy and/or occu-
pational therapy) for ALL

• Speech-language pathology IF there is a communication
delay.

• Audiology IF there is parental concern and/or a communica-
tion delay.

Table 1. Steps of the consensus process using nominal group technique

Silent, private idea generation: The facilitators guided the participants through a silent, individual idea generation phase.
Participants were each provided with a paper with the research question (“What are the early signs of cerebral palsy (CP) that 
should prompt referral for diagnosis?”), and were asked to independently list every potential answer they were able to think of.

Round-robin recording of ideas: Participants took turns, proceeding in a clockwise manner around the table, providing one 
new response at a time from their individual list, which was recorded onto a master list, on a large easel pad flipchart visible 
to all participants. Duplicates were excluded, and the sharing continued until every unique response that had been written 
during the previous step was included on the master list.

Serial discussion of ideas: Led by the facilitators, the participants were able to ask for clarification of items on the master 
list, and a facilitated discussion enabled the group to cluster similar responses/items to shorten the master list for the 
participants. Some items were determined by the group not to be specific enough and were eliminated. When there was disa-
greement on an appropriate cut-off age, multiple versions were included to be considered.

Preliminary voting: Participants were provided with a listing of all potential items on a piece of paper and were asked to pri-
vately rank items as follows: (i) ‘Exclude’, not sensitive enough for CP detection, (ii) ‘Maybe’ - could be important, should 
be considered, or (iii) ‘Include’ -high likelihood for positive diagnosis. The results were then submitted to the facilitators and 
tabulated during a short break.

Discussion and consensus: The results were shared with the participants on a screen. It was decided a priori that a high level of 
agreement would be used to determine which attributes and referral recommendations were retained for the final list. Con-
sidering the small sizes of the groups (Group 1, n=12; Group 2, n=13), consensus was defined as ≥70% agreement between 
participants for items in Group 1, and ≥85% agreement between participants for items in Group 2 (26,28). If consensus was 
achieved for particular items (exclude or include), no further discussion was required. If consensus was not achieved, the dis-
cussion and voting were to be repeated until consensus is achieved, or it was determined that a subsequent group is required.

Participant feedback: Participants in both groups were asked to submit written feedback on their experience in the consensus 
process. They were instructed to complete the form individually. The feedback forms were anonymous, with a colour-coded 
sticker indicating which stakeholder group they represented (‘content expert’, ‘knowledge-user’). They were asked to re-
spond to the following open-ended questions: 
(1) How was your overall experience as a participant in this consensus group?
(2) To what extent do you feel you were engaged in the process of the group?
(3) To what extent do you feel your contributions were considered/your ideas were heard?
(4) What were the highlights for you of participating in this consensus group?
(5) What did you find challenging in participating in this consensus group?
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• Functional vision specialist (e.g., optometrist or occupational
therapist) IF there is a vision concern (e.g., not fixating, fol-
lowing, or tracking).

• Feeding specialist (e.g., occupational therapist, speech-language
pathologist, local expertise) IF there are feeding difficulties
(e.g., poor sucking, poor swallowing, choking, and/or not
gaining weight).

Participant feedback
Participants in both groups uniformly identified their overall 
experience with the consensus process as being positive; 

reported feeling very engaged in the group consensus process; 
and expressed feeling that their ideas and contributions were 
carefully considered. Representative examples of comments ap-
pear in Supplementary Appendix C.

DISCUSSION
Delays in referral of children to medical specialists for the diag-
nosis of CP have been documented, with concomitant delayed 
referral to rehabilitation services (12,29). This ultimately leads 
to delayed intervention (13). We conducted two consensus 
groups to inform the content of a knowledge translation tool 

Table 2. Preliminary ratings of clinical attributes for individual voting

Clinical attributes initially considered by consensus Group 1 Total rating (/36)* 
(N=12 raters)

1. Early handedness < 12 months 36
2. Early handedness < 15 months 28
3. Early handedness < 18 months 23
4.  Stiffness or tightness in the legs: 6–12 months (unable to bring toes to mouth during 

diapering)
33

5. Persistent fisting > 2 months 25
6. Persistent fisting > 4 months 32
7. Persistent startle reflex > 4 months 20
8. Persistent startle reflex > 6 months 29
9. Persistent head lag > 4 months 33

10. Delayed sitting: refer for diagnosis if child is not sitting unsupported > 9 months 35
11. Toe walking: consistent toe walking or asymmetric > 12 months 26
12. Any asymmetry 32

*Scoring: A score of 36 indicates that all participants rated the attribute as 3, thus complete agreement by all to include the item.
1= ‘Exclude’, not sensitive enough, 2=‘Maybe’, could be important, should be considered, 3= ‘Include’, high likelihood for positive diagnosis.

Table 3. Preliminary ratings for rehabilitation referral recommendations

Rehabilitation referral recommendations initially considered by consensus Group 2 Total rating (/39)*  
(N=13 raters)

1. Motor intervention specialist (physical therapy and/or occupational therapy) for ALL 34
2. Occupational therapy AND physical therapy ALL 27
3. Case manager/coordinator (e.g., social worker, nurse, infant developmental specialist) 29
4. Speech-language pathologist IF communications delay 37
5. Audiology IF no newborn screening 30
6. Audiology IF communications delay 35
7. Audiology IF parental concern 36
8. Functional vision specialist IF vision concern (e.g., not fixating, following, or tracking) 35
9.   Feeding specialist (e.g., occupational therapist, speech-language pathologist, local expertise)

IF there are feeding difficulties (e.g., poor sucking, poor swallowing, choking, and/or not gaining 
weight)

36

*Scoring: A score of 39 indicates that all participants rated the attribute as 3, thus complete agreement by all to include the item.
1= ‘Exclude’, not sensitive enough, 2=‘Maybe’, could be important, should be considered, 3= ‘Include’, high likelihood for positive diagnosis.
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(e.g., pocketcard, poster, website) being developed for PCPs 
and parents for wide dissemination. The consensus groups 
identified six early clinical attributes that should prompt referral 
for diagnostic evaluation of CP, and determined five referral 
recommendations to rehabilitation and other health professionals.

Much of the current research on early identification of CP 
has focused on children who are at ‘high-risk’ of developing 
CP. A  recent systematic review reported that little has actu-
ally been published concerning clinical manifestations of CP 
if there are no discernable risks in the newborn period (4). 
Since more than half of the children with CP are born at term 
and many have uneventful birth histories (33), there is thus 
a substantial subgroup of children (i.e., ‘lower-risk’) who 
may not qualify for neonatal follow-up and are thus followed 
in the community by PCPs. Prematurity is an important 
risk factor for CP, with approximately 40 to 45% of children 
with CP born <37 weeks gestational age (17,34). However, 
neonatal follow-up programs typically only routinely follow 
those with extreme prematurity (e.g., ≤28 weeks), and there-
fore only a subset of these children are closely monitored in 
these programs. Indeed, 44.2% (408/923) of the children 
in the Canadian CP Registry who are born premature (<37 
weeks) are ≤28 weeks, and 50.4% (465/923) are ≤29 weeks 
(S. Dyck, personal communication), so depending on neo-
natal follow-up inclusion criteria, about half or more are not 
followed. Recently published guidelines provide a detection 
pathway algorithm that includes recommendations to apply 
clinical neurological examinations (Hammersmith Infant 
Neurological Examination), magnetic resonance imaging, 
and motor tests (Prechtl Qualitative Assessment of General 
Movements, standardized motor assessments) in order to di-
agnose CP, and the evidence is strongest in terms of its pre-
dictive accuracy for ‘high-risk’ newborns (4). Indeed, this 
approach would not be cost-effective or feasible in the context 
of primary care. These guidelines were developed by an inter-
national consensus group, but to our knowledge, without the 
use of a formal consensus methodology (e.g., nominal group 
process, Delphi survey), and without testing in the com-
munity primary care context. Our consensus attributes focus 
specifically on infants who are not monitored closely as part 
of neonatal follow-up programs and do not necessarily have 
‘high-risk’ profiles. Therefore, a detection strategy designed 
for the primary care context represents a critical need to en-
able early detection for a significant proportion of children 
eventually diagnosed with CP.

An important aspect for researchers to consider is involving 
key stakeholders (e.g., PCPs, parents of children with CP) as 
‘experts’ with content knowledge and/or lived-experience (35). 
It is essential to select consensus methods which will provide 
the structure and opportunity for all panel members to partic-
ipate equally, and to ensure that all voices are heard. Based on 

the feedback we received from both groups (Supplementary 
Appendix C), participants were able to express their opinions 
freely and the different perspectives were appreciated by all. 
This is in line with patient-oriented research strategies (www.
pcori.org; cihr-irsc.gc.ca/e/41204.html; www.invo.org.uk).

There are strengths and limitations to use of consensus meth-
odology. The main strengths of the nominal group technique 
include: (i) face-to-face meeting promotes interaction between 
experts; (ii) anonymous voting reduces outside bias and solicits 
true expert opinion; (iii) the design prevents any one member 
from dominating; (iv) ensures equal contribution by all; and 
(v) a time-efficient process. A  major limitation is that face-to-
face meetings may influence the contribution of participants
who perceive that their perspectives are ‘against-the-flow’ and
may not answer as candidly as if it were totally anonymous. It
requires an experienced moderator to keep the process on-track 
and to prevent any one member from dominating. Additionally, 
these consensus groups included only national (Canadian) and 
local (Montreal, Quebec) content experts and knowledge-users, 
which may minimize the acceptability and generalizability of
the results to other countries. A  third potential limitation is
that we did not involve stakeholders from all potential health-
care professions (e.g., audiologists, optometrists, nutritionists,
educators, psychologists) in the consensus process.

Although the attributes were developed specifically for the 
detection of CP, we acknowledge that indeed these signs could 
mimic other neuromotor disorders. These would include 
for example, spinal muscular atrophy, congenital myopathy, 
Duchenne muscular dystrophy, and Charcot-Marie-Tooth dis-
ease. Nevertheless, for infants with these attributes, referral to a 
medical specialist is still warranted for prompt diagnosis.

Hutchings et al. (36) recommend a ‘hybrid approach’ to con-
sensus method use in healthcare research. As an example, the 
pairing of nominal group technique and the Delphi method is 
complementary methodologically, since the former provides 
greater understanding of potential disagreement, while the 
latter provides greater reliability. Thus, the results of this study 
will be validated through a Delphi survey of international 
experts in CP, before finalizing the content for the knowledge 
translation tools for PCPs.

CONCLUSION
Using consensus methods, six attributes were identified that 
should prompt referral for diagnostic evaluation of CP, and 
five referral recommendations were agreed upon that should 
occur concurrently. Through this effort, it is anticipated that 
the present delays in referral of ‘low-risk’ but affected children 
for diagnosis and intervention will be shortened. The po-
tential impacts are threefold. PCPs will have the knowledge 
and capability to detect attributes associated with CP early, 
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prompting simultaneous timely referral to medical and reha-
bilitation specialists. Rehabilitation specialists will be able 
to initiate therapeutic interventions much earlier at a critical 
period of brain development. Parents will be more rapidly 
informed and will benefit from early access to resources and 
family supports.

SUPPLEMENTARY DATA
Supplementary data are available at Paediatrics & Child Health 
Online.
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Types of health professionals to refer to Conditions (any of the following)



,

Very positive, all group members participated and the discussions resulted in
consensus

Excellent. Great discussion & productive.” 

Great overall experience. Wonderful to hear all points of view. Parents input very
valuable.

My overall experience was very good. I’m very happy I got to hear from all the
experts and their point of view.

Very much so. Parent involvement / opinions were welcomed

Overall, the process was very engaging. Moderator was sure to engage everyone to
the extent to which they were comfortable

“I think that the group was very open to everyone’s ideas and all input was 
acknowledged.”(

“Yes, very much. As a parent of a CP child, I think that getting together with other 
parents and doctors and experts should be done more often.” 

“I felt that my contributions were well heard & led to further discussions.”
(



“Hearing different perspectives, especially from primary care docs and parents.” 
(

“Being able to confer as an equal with professionals.” 

“Location hard to get to by public transit. I took Uber.” (

“Honking of truck.”

“Excellent.”

“Very interesting and positive. (

“Everyone was included. (

Very engaged – good opportunities for discussion.”

“I think that I was heard and taken into consideration.”

“I felt that everyone’s opinions / ideas were heard & respected.” (

Hearing different stakeholder opinions.” (



“Listening to all the different opinions and how they relate to my experience.”

“Heat and hearing over fans.” (

“The acoustics due to the fans were not great.”
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AIM To establish international expert recommendations on clinical features to prompt

referral for diagnostic assessment of cerebral palsy (CP).

METHOD An online Delphi survey was conducted with international experts in early

identification and intervention for children with CP, to validate the results obtained in two

previous consensus groups with Canadian content experts and knowledge users. We sent

two rounds of questionnaires by e-mail. Participants rated their agreement using a 4-point

Likert scale, along with optional open-ended questions for additional feedback. Additionally,

a panel of experts and knowledge-users reviewed the results of each round and determined

the content of subsequent surveys.

RESULTS Overall, there was high-level of agreement on: (1) six clinical features that should

prompt referral for diagnosis; (2) two ‘warning sign’ features that warrant monitoring rather

than immediate referral for diagnosis; and (3) five referral recommendations to other

healthcare professionals to occur simultaneously with referral for diagnosis.

INTERPRETATION There was high agreement among international experts, suggesting that

the features and referral recommendations proposed for primary care physicians for early

detection of CP were broadly generalizable. These results will inform the content of

educational tools to improve the early detection of CP in the primary care context.

Cerebral palsy (CP), a childhood-onset physical disability,
has an estimated prevalence of 2.3 out of 1000 live
births.1,2 Early detection and subsequent simultaneous
referral for diagnosis and medical management and for
rehabilitation intervention is widely accepted as best prac-
tice.3,4 More than half of children with CP are born at
term, and do not necessarily have high-risk perinatal histo-
ries. Therefore, instead of receiving close follow-up moni-
toring (e.g. neonatal follow-up clinics, neurologists,
developmental pediatricians), they are followed by a pri-
mary care provider (e.g. pediatrician, family physician) in
their community for well-child healthcare. Furthermore,
those born preterm (<37wks gestational age) and in the
neonatal intensive care unit may not meet criteria for
neonatal follow-up (e.g. <29wks gestational age) with close
surveillance. Thus, primary care physicians are well

positioned to contribute to the early detection of CP,
which consequently should lead to referral to a medical
specialist for early diagnosis.

Early identification of CP can be challenging in the pri-
mary care context. Most primary care practitioners do not
have the advanced knowledge in atypical child development
that medical specialists have (e.g. child neurologists, devel-
opmental pediatricians), and while developmental screening
tools exist for primary care providers, they are meant to
identify significant delays in motor milestones but are not
specific or sensitive enough to capture the early motor pat-
terns characteristic of CP.5 A recent review of clinical
features associated with CP found that the available evi-
dence is sparse and often based on expert opinion rather
than empirical data and emphasizes risk factors rather
than single objective clinical signs warranting referral.6
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Furthermore, the focus of most of this research has been
on high-risk groups (e.g. infants born very preterm, neona-
tal intensive care unit graduates with neonatal
encephalopathy), and not community-based populations
where most children with CP are initially seen.

In the absence of evidence-based research on early clini-
cal features of CP that can be readily identified by primary
care physicians (family physicians, pediatricians) in the
context of short but comprehensive well-child care visits in
the community, the opinions and experience of clinicians
and other experts via consensus methods will be used to
inform clinical decisions.7 Our aim is to create content for
educational knowledge translation tools to assist with the
early detection of CP, designed specifically for the primary
care context. These tools can be used to inform primary
care practitioners and parents of the early signs of CP,
with the aim of decreasing delays in detection (and subse-
quent delayed referral for diagnostic assessment and inter-
vention) by increasing awareness of the early motor signs
of CP. Our research team recently identified such features
in a consensus investigation that involved regional and
national clinical experts (developmental pediatricians, child
neurologists, rehabilitation specialists) and knowledge users
(primary care physicians, parents).8 Using nominal group
techniques, six distinct features were identified that should
warrant primary care physicians to refer to medical special-
ists for diagnostic assessment of CP, when any single one
of these is observed. Recommendations for simultaneous
referral to other health professionals for assessment and
intervention were put forth by consensus methods. To
ensure clinical appropriateness and generalizability beyond
the Canadian primary care context, these findings require
additional validation.

The current study aimed to validate the results obtained
in our two previous consensus groups with Canadian con-
tent experts and knowledge users.8 The research questions
guiding this study, which were posed to international
experts in the field of early identification of CP, were the
following: to what extent is there international agreement
about (1) the early motor signs (‘clinical features’) of CP
that were identified that should prompt early referral for
diagnostic assessment and (2) the referral recommendations
to other health professionals at the same time children sus-
pected of CP are referred to medical specialists for diag-
nostic investigation?

METHOD
Research design
The Delphi technique, first developed by Dalkey and Hel-
mer,9 is a recognized formal consensus methodology that
has been applied across varied healthcare settings and pop-
ulations.10–12 The Delphi method is structured and itera-
tive, employing multiple survey rounds whereby the results
of one informs the next survey.13 It offers several advan-
tages, including total anonymity (no face-to-face meetings)
which enhances objective responses, and the online format
enables the recruitment and participation of an

international expert panel.14–16 This Delphi study was inte-
grated in a larger integrated knowledge translation project
entitled ‘PROMPT Identification of Cerebral Palsy: Pri-
mary-care Referral Of Motor-impaired children: Physician
Tools’ (the PROMPT study).

Participants
Respondent group
We identified a sample of experts, defined as clinicians
from a variety of health professions with clinical and/or
research expertise in the field of CP diagnosis and assess-
ment and international professional reputation in this
regard. This was not meant to be an all-inclusive list, but a
representative sample with geographical variation. Accord-
ingly, the research team identified a purposive sample of
international experts by peer nomination and by scanning
the Member Directory of the American Academy for Cere-
bral Palsy and Developmental Medicine. The final list gen-
erated included 51 experts from Asia, Australia, Canada,
Europe, and the USA. Next, e-mails were sent to all 51 of
the identified experts. The e-mail provided a brief overview
of progress, informed them that they had been identified
by our research team as an expert in the field of CP, and
invited them to participate in a research project that aimed
to promote early detection of CP by primary care provi-
ders (e.g. pediatricians, family physicians, nurse practition-
ers). Specifically, it was explained that their participation
was requested to validate the findings of two previous con-
sensus groups (using nominal group techniques with a
sample of Canadian content experts and knowledge users).
Consensus was achieved on: (1) specific clinical features
that should prompt referral from primary care practition-
ers; and (2) other referral recommendations for children
suspected of having CP to occur simultaneously with refer-
ral for diagnostic assessment. Interested participants were
instructed to click on the link provided in the body of the
e-mail, which led to a consent page containing the follow-
ing: title and purpose of the research study, goals of the
online survey, study procedures, possible risks and benefits,
the individual’s rights and option to withdraw from the
study, confidentiality and sharing of results, and contact
information. Provision of consent was required to proceed
to the survey. Weekly reminders were sent to non-respon-
ders for 5 weeks for round one, and for 7 weeks for round
two.

Procedure
Delphi survey instrument
Ethical approval for this study was obtained from the McGill
Faculty of Medicine Research Ethics Office/Institutional
Review Board (institutional review board study number

What this paper adds
• International experts provide strong agreement on clinical features to detect

cerebral palsy.

• Consensus on clinical ‘warning signs’ to monitor over time.

• Referral recommendations from primary care to specialized health services
are identified.
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A00-E79-15A). Once consent was obtained, participants
were provided access to a survey instrument via REDCap
(https://www.project-redcap.org/), a secure online platform
for administering surveys and collecting data, as this allowed
anonymous and independent responses limiting potential
social desirability bias. Before starting the survey, respon-
dents were asked to complete a brief demographic question-
naire, consisting of three questions pertaining to their: (1)
profession; (2) country of practice; and (3) number of years
since obtaining their professional degree. Participants were
then directed to the three-part survey for round one.

Round one
The first round of the Delphi survey consisted of a three-
part questionnaire with a total of 13 items. Participants
were asked to indicate their level of agreement with each
item, which was rated using a 4-point Likert scale (strongly
disagree; disagree; agree; strongly agree), in response to
two questions: (1) whether the item should be included in
our knowledge translation tool for primary care providers
to assist with detection and referral practices; and (2)
whether the wording of the item was clear and appropriate
for the target audience. Participants were also given the
opportunity to provide additional suggestions on other
possible features or referral recommendations and on how
to better articulate these features and recommendations. In
part one, participants were asked to rate their level of
agreement with each of the proposed separate features
(n=6 items) that individually should prompt referral for
diagnostic assessment of CP. In part two, participants were
asked to consider the proposed ‘warning signs’ (n=2 items)
to determine whether they agreed that either sign should
prompt closer monitoring of the child’s development at
subsequent primary care follow-up visits. In part three of
the survey, participants were asked to consider a series of
referral recommendations (n=5 items) to other health pro-
fessionals at the time the child was being referred for diag-
nostic assessment of CP. For the full list of items in each
part of round one, refer to Appendix S2 (online supporting
information).

Round two
Upon completion of round one, the results were reviewed
by the advisory panel (see ‘Data analysis’ section) to deter-
mine whether there was high enough agreement to retain
each item or not, and whether wording should be
improved on the basis of suggestions provided. In addition,
new features proposed by respondents were considered for
the survey in round two. The second round of the Delphi
survey focused specifically on optimizing the wording of
the features and recommendations, since there was high
agreement to retain all proposed features and referral rec-
ommendations. Round two consisted of a two-part survey
with a total of six items. Participants were asked to choose
from the revisions proposed by the advisory panel, which
included several alternative descriptions of the feature
based on recommendations from experts in round one so

as to seek consensus, and respondents were again provided
with the opportunity to give other suggestions to enhance
the wording for each feature. In part one of the second
round of the Delphi survey, participants were asked to
consider the rewording of four features that should prompt
referral for diagnostic assessment of CP. In part two, par-
ticipants were asked to consider the proposed rephrasing
of two referral recommendations. For the full list of items
in each part of round two, refer to Appendix S3 (online
supporting information).

Data analysis
Looking for agreement concerning item-inclusion and
item-working, we a priori defined consensus as achieving
at least 70% agreement by international experts for each
item (i.e. feature, warning sign, or referral recommenda-
tion).17 Agreement was considered achieved for an item if
‘strongly agree’ or ‘agree’ was indicated on the Likert
scale. For each clinical feature/warning sign/referral rec-
ommendation, we were exploring agreement concerning
(1) item-inclusion and (2) item-wording. A high cut-off for
agreement (i.e. 70% a priori threshold) among experts was
used specifically to assess agreement on item-inclusion,
since the aim of this study was to validate the appropriate-
ness and generalizability of each item beyond the Canadian
context. Although we considered the level of agreement on
item-wording to enhance the clarity of each item, further
refinement of the item-wording will be performed in the
next phase of this project. Specifically, we will be conduct-
ing focus groups with primary care practitioners and par-
ents of children with CP, presenting them with the final
lists of clinical features and referral recommendations, and
collaborating with them on the optimal wording and for-
matting for the knowledge translation tools we are devel-
oping. As such, it was not as important that the agreement
on item-wording reached this 70% threshold, since the
final wording will be determined by the end-users.

A two-step analysis was conducted. Results were first
reviewed by two primary authors (ZB, AM) and synthe-
sized for presentation and discussion with the advisory
panel. This panel included local and national content-
experts and knowledge-users who had participated in the
previous consensus groups and was composed of the fol-
lowing: pediatric neurologists (n=3), occupational therapists
(n=3), developmental pediatricians (n=2), a community-
based pediatrician (n=1), a family physician (n=1), and a
mother of a child with CP (n=1). The role of the panel
was to help determine what items from round one needed
to be revisited in a second survey (round two), as part of
the Delphi process. In addition, the panel reviewed all sug-
gestions made by respondents of potential additional fea-
tures or referral recommendations. These were carefully
considered on the basis of the specificity of the suggested
item to CP, the practicality of use in the primary care con-
text, and the ability for primary care providers to under-
stand and recognize the features. Upon consultation and
discussion with this panel, only items from round one that
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failed to meet at least 70% agreement, and/or that the
panel determined from participant feedback required fur-
ther clarification, were retained for round two.

RESULTS
Round one
Participants
The round one survey was completed by 76.5% (n=39 out
of 51) of the invited participants. These included develop-
mental pediatricians 28.2% (n=11), occupational therapists
20.5% (n=8), physical therapists 17.9% (n=7), child neurol-
ogists 12.8% (n=5), or ‘other’ 20.5% (n=8; neonatologists,
pediatricians, pediatric physiatrist, researcher, orthopedic
surgeon). These participants were from Australia (n=15),
USA (n=8), Canada (n=9), Europe (n=5), Asia (n=1), and
‘other’ (n=1). More than half (66.7%; n=26 out of 39) of
participants had obtained their professional degree between
21 and 50 years previously, while 25.6% (n=10) obtained
theirs 11 to 20 years previously, 5.1% (n=2) indicated it
was 5 to 10 years ago, and one (2.6%) responded that it
had been 50 or more years since they obtained their pro-
fessional degree.

Agreement
Agreement between participants on inclusion of each of
the six clinical features that should prompt referral for
diagnostic assessment of CP was very high (97.4–
100.0%), while agreement on the wording of these fea-
tures ranged from 65.8% to 84.2%. Agreement on the
inclusion of the clinical features to be considered by pri-
mary care providers as ‘warning signs’ that should suggest
monitoring rather than immediate referral for diagnostic
assessment was similarly high (84.6–87.2%), while

agreement on the wording of these warning signs ranged
from 78.8% to 85.3%. Finally, referral recommendations
to rehabilitation specialists and other health professionals
by primary care practitioners to occur simultaneously with
referral to a medical specialist for diagnostic assessment
demonstrated similarly high agreement between partici-
pants (84.6–100.0%), with agreement on the wording of
these recommendations ranging from 63.6% to 89.7%.
For the full list of agreement on inclusion and wording,
refer to Table I.

No new features were suggested with any consistency,
and those suggested were determined by the advisory panel
as not being specific to CP (e.g. ‘delay in general activity
level . . . low level of initiative of play and mobility’; ‘feed-
ing difficulties’) or not feasible for primary care context
(e.g. ‘abnormal general movements assessment’; ‘abnormal
imaging’). The suggestions for additional ‘warning signs’
were felt to be similarly not CP-specific enough (e.g. ‘irri-
tability’; ‘early signs of dysphagia’; ‘not talking in sentences
by 24 months’). Finally, of the additional referral recom-
mendation suggestions, there was a recurrent theme of
providing psychosocial support for families (e.g. ‘families
of a child diagnosed with CP or at high risk of CP should
be offered early psychological support and preventative
care for family mental health’; ‘parental support with psy-
chologist or social work’; ‘a family support worker [e.g.
psychologist, social worker] and information on where to
find a parent-to-parent support program’). It was discussed
and determined by the advisory panel that it would be
important to include something in the tool related to
acknowledging the potential need for, and availability of,
psychosocial support for families of children recently
diagnosed with CP.

Table I: Results of round one of the Delphi survey

Features (one or more of the following)
Agreement on
inclusion (%)

Agreement on
wording (%)

Part one: clinical features to prompt referral for diagnostic assessment
1. The child demonstrates early handedness before 12mo of age 97.4 65.8
2. The child demonstrates stiffness or tightness in the legs between 6–12mo of age
(e.g. unable to bring their toes to mouth during diaper/nappy change)

100.0 69.2

3. The child demonstrates persistent fisting of the hands beyond 4mo of age 100.0 89.7
4. The child demonstrates a persistent head lag beyond 4mo of age 97.4 84.2
5. The child is not able to sit without support beyond 9mo of age 100.0 76.9
6. The child demonstrates any asymmetry in posture or movement 84.6 63.6

Part two: ‘warning sign’ features to prompt monitoring rather than referral for diagnosis
1. The child demonstrates a persistent startle (Moro) reflex beyond 6mo of age 87.2 85.3
2. The child demonstrates consistent toe-walking or asymmetric-walking beyond 12mo of age 84.6 78.8

Part three: referral recommendations to occur simultaneously with
referral to a medical specialist for diagnosis
1. All children should be referred to a motor intervention specialist
(e.g. occupational therapist and/or physical therapist)

94.7 72.2

2. If the child manifests a delay in communication they should be referred
to a speech-language pathologist

100.0 76.3

3. If the child manifests hearing concerns, a referral should be made to an audiologist 100.0 84.2
4. If the child manifests vision difficulties (e.g. not fixating, following, and/or tracking)
a referral should be made to a functional vision specialist (e.g. optometrist or occupational therapist)

84.2 59.4

5. If the child manifests feeding difficulties (e.g. poor sucking, swallowing, choking,
not gaining weight) a referral should be made to a feeding specialist
(e.g. occupational therapist or speech-language pathologist)

73.7 73.0
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Round two
Participants
All international experts from round one were invited to
participate in round two, and 84.6% (n=33 out of 39) com-
pleted the second survey, along with three additional par-
ticipants who did not participate in the initial round.
These 36 participants included developmental pediatricians
25.0% (n=9), occupational therapists 22.2% (n=8), physical
therapists 22.2% (n=8), child neurologists 13.9% (n=5), or
‘other’ 16.7% (n=6; neonatologists, pediatrician, pediatric
physiatrist, researcher, child neuropsychiatrist). The
countries/continents represented were Australia 36.1%
(n=13), Canada 22.2% (n=8), USA 22.2% (n=8), Europe
16.7% (n=6), and Asia 2.8% (n=1). More than half (61.6%;
n=22) of participants obtained their professional degrees
between 21 and 50 years ago, while 30.6% (n=11) obtained
theirs 11 to 20 years ago, 5.6% (n=2) indicated it was 5 to

10 years ago, while 2.8% (n=1) responded that it had been
50 or more years since they obtained their degree.

Agreement
In round one the agreement between international experts
on item-inclusion was demonstrated to be very high for all
features and for most referral recommendations; thus the
focus of round two of the Delphi was on agreement related
to item-wording. Four items related to features were noted
to be less clearly articulated, and several suggestions were
proposed by participants and refined by the advisory panel.
Similarly, two items pertaining to referral recommendations
were also deemed to require greater clarity, and revisions
were drafted by the panel. For each item in round two, par-
ticipants were presented with two to four of these proposed
revisions (Appendix S3), and they were asked to indicate
their preference from among the options. Agreement

Table II: Results of round two of the Delphi survey

Part one: clinical features to prompt referral for diagnosis

Features Revisions proposed by the advisory panel
Agreement on
wording (%)

Original item 1.1
The child demonstrates early
handedness before 12mo of age

The child demonstrates a hand preference before 12mo of age 77.8 (n=28)
The child demonstrates an early hand preference, before 12mo of age 22.2 (n=8)

Original item 1.2
The child demonstrates stiffness or tightness
in the legs between 6–12mo of age
(e.g. unable to bring their
toes to mouth during diaper/nappy change)

The child demonstrates stiffness or tightness in the legs between 6–12mo
of age (e.g. unable to bring their toes to mouth when having their
diaper/nappy changed)

61.1 (n=22)

The child demonstrates stiffness or tightness in the legs between
6–12mo of age (e.g. unable to bring their toes to mouth during
a diaper/nappy change)

38.9 (n=14)

Original item 1.3
The child demonstrates persistent fisting
of the hands beyond 4mo of age

The child keeps their hands fisted (closed) after the age of 4mo 13.9 (n=5)
The child keeps their hands fisted (closed/clenched) after the age of 4mo 86.1 (n=31)

Original item 1.6
The child demonstrates any asymmetry in
posture or movement

The child demonstrates asymmetry of posture and
movements after the age of 4mo

22.2 (n=8)

The child demonstrates frequent asymmetry of posture
and movements after the age of 4mo

19.4 (n=7)

The child demonstrates consistent asymmetry of posture
and movements after the age of 4mo

36.1 (n=13)

The child habitually demonstrates asymmetry of posture
nd movements after the age of 4mo

22.2 (n=8)

Part two: referral recommendations to occur simultaneously with referral to a medical specialist for diagnosis

Referral recommendation Revisions proposed by the advisory panel
Agreement on
wording (%)

Original item 3.1
All children should be referred to a motor
intervention specialist (e.g. occupational
therapist and/or physical therapist)

All children should be referred to a motor intervention specialist (e.g.
pediatric occupational therapist and/or pediatric physical therapist)

41.7 (n=15)

All children should be referred to an occupational therapist and/or
physical therapist with expertise in child development

25.0 (n=9)

All children should be referred to an occupational therapist and/or
physical therapist with pediatric clinical experience

33.3 (n=12)

Original item 3.4
If the child manifests vision difficulties (e.g.
not fixating, following, and/or tracking) a
referral should be made
to a functional vision specialist
(e.g. optometrist or occupational therapist)

If the child manifests vision difficulties (e.g. not fixating, following,
and/or tracking) a referral should be made to an optometrist or
an ophthalmologist for assessment/evaluation, and to a functional
vision specialist for intervention (e.g. occupational therapist with
expertise in pediatric vision; early childhood vision consultants)

38.9 (n=14)

If the child manifests vision difficulties (e.g. not fixating, following,
and/or tracking) a referral should be made to an optometrist or an
ophthalmologist, and to a functional vision specialist (e.g.
occupational therapist with expertise in pediatric vision;
early childhood vision consultants)

61.1 (n=22)
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between participants on the wording of the four clinical fea-
tures was high overall, although it ranged from 36.1% to
86.1%. Agreement between experts on the wording of the
two referral recommendations to occur simultaneously with
referral to a medical specialist for diagnostic assessment ran-
ged from 41.7% to 61.1%. The complete list of agreement
on inclusion and wording for round two can be found in
Table II.

There is no widely agreed upon stopping-point in the
Delphi process.18 The main focus of this study was on
item-inclusion, since the final item-wording will be deter-
mined collaboratively with content-users (primary care
practitioners, parents). As such, having achieved levels of
agreement for item-inclusion that fall within an acceptable
rate17,19,20 and an adequate response rate,17 it was deter-
mined that a third round of the Delphi was not required.
Thus, the final list of features to prompt referral for diag-
nostic assessment, warning signs to monitor, and referral
recommendations to occur simultaneously with referral for
diagnosis can be found in Table III.

DISCUSSION
Results from this international Delphi survey further validate
previous findings on features and recommendations for refer-
ral from two recent nominal groups with Canadian experts in
early identification of CP.8 Specifically, high-level agreement
currently exists on: (1) the clinical features that should prompt
referral for diagnosis; (2) ‘warning signs’ features that warrant
monitoring rather than immediate referral for diagnosis; and
(3) referral recommendations to other healthcare profession-
als to occur simultaneously with referral for diagnosis. The
results of this international Delphi study complement the
important recent work in the field of early identification and
early intervention. Novak et al.4 published an algorithm for
early detection of CP or those at high-risk of CP, achieved by
consensus. The algorithm, which focuses on both newborn
and infant detectable risks, consists of a combination of a

standardized clinical neurological examination (Hammer-
smith Infant Neurological Examination), brain imaging (mag-
netic resonance imaging [MRI]), and standardized motor
evaluations, selected on the basis of the infant’s age. At the
age of less than 5 months, the Prechtl Qualitative Assessment
of General Movements together with MRI results are recom-
mended as early detection tools. In cases where MRI and/or
the Prechtl Qualitative Assessment of General Movements
are not available, a combination of the Hammersmith Infant
Neurological Examination and the less sensitive Test of
Infant Motor Performance is suggested. For infants older
than 5 months of age, use of the Hammersmith Infant Neuro-
logical Examination together with results of the MRI and
those of a standardized motor assessment is proposed. The
motor tests available for infants younger than 5 months cor-
rected age are the Developmental Assessment of Young Chil-
dren, the Alberta Infant Motor Scale, and the Neuro-Sensory
Motor Development Assessment, depending on previous
examinations. While this combination may demonstrate diag-
nostic predictive accuracy for high-risk populations, which
represents about half of children with CP, we note that the
accuracy of these methods in infants with later discernable
risks for CP (i.e. no high-risk perinatal history) is not yet
known. Furthermore, these various standardized assessments
require training, time to administer (e.g. ≥30min), and time to
score and interpret the results. This may therefore not be fea-
sible to integrate into the primary care context. Similarly,
Noritz et al.5 proposed an algorithm for surveillance and
screening for pediatricians to begin the diagnostic and referral
process earlier. Although an excellent synthesis, the neurolog-
ical examination process is somewhat lengthy, and the focus is
on detecting neuromotor impairment in general (i.e. to
include degenerative disorders, and peripheral and central
nervous system disorders), but is not CP specific. Our study
offers a tailored and feasible method of identifying children
with CP that can be readily integrated by primary care provi-
ders in clinical practice.

Table III: International consensus on clinical features, warning signs, and referral recommendations for cerebral palsy

Clinical features to prompt referral for diagnosis (one or more of the following)
1. The child demonstrates a hand preference before 12mo of age
2. The child demonstrates stiffness or tightness in the legs between 6–12mo of age (e.g. unable to bring their toes to mouth when
having their diaper/nappy changed)
3. The child keeps their hands fisted (closed/clenched) after the age of 4mo
4. The child demonstrates a persistent head lag beyond 4mo of age
5. The child is not able to sit without support beyond 9mo of age
6. The child demonstrates consistent asymmetry of posture and movements after the age of 4mo

‘Warning Sign’ features to prompt monitoring rather than referral for diagnosis (either of the following)
1. The child demonstrates a persistent startle (Moro) reflex beyond 6mo of age
2. The child demonstrates consistent toe-walking or asymmetric-walking beyond 12mo of age

Referral recommendations to occur simultaneously with referral to a medical specialist for diagnosis
1. All children should be referred to a motor intervention specialist (e.g. pediatric occupational therapist and/or pediatric physical
therapist)
2. If the child manifests a delay in communication they should be referred to a speech-language pathologist
3. If the child manifests hearing concerns a referral should be made to an audiologist
4. If the child manifests vision difficulties (e.g. not fixating, following, and/or tracking) a referral should be made to an optometrist or an
ophthalmologist, and to a functional vision specialist (e.g. occupational therapist with expertise in pediatric vision; early childhood
vision consultants)
5. If the child manifests feeding difficulties (e.g. poor sucking, swallowing, choking, not gaining weight) a referral should be made to a
feeding specialist (e.g. occupational therapist or speech-language pathologist)
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The availability of a tailored and feasible method for
identifying children with CP that can be readily integrated
in primary care settings has therefore become an impera-
tive for family physicians and other primary care providers.
Our previous work8 demonstrated that there was a national
agreement on: (1) the clinical features that should prompt
early referral for a diagnostic work-up; (2) ‘warning sign’
features that warrant monitoring rather than immediate
referral for diagnostic assessment; and (3) referral recom-
mendations to other healthcare professionals to occur
simultaneously with referral for diagnostic assessment.
Results of this Delphi survey go beyond this and indeed
confirm that there is international consensus on the pro-
posed features and recommendations for referral.

This study is not without a few important limitations.
First, the Delphi technique has its own inherent limitations,
including the following: the feedback we provided partici-
pants from round one may have influenced their judgments
in round two; and there is a potential for participant ‘burn-
out’ with the demands of each subsequent round.16 How-
ever, we feel that this was a good fit considering the
complementary nature between the nominal group tech-
nique and Delphi. Second, the choice of participants (or
how ‘experts in CP’ were identified) was subject to the dis-
cretion of the authors, and many of those identified were the
authors’ colleagues, so this too may have influenced their
participation. However, the criterion of being a recognized
international expert in the diagnosis and treatment of CP
was always respected (purposeful sampling), as well as the
interest in maximizing geographical variation. Third,
although there is no agreed definition of how to measure
‘consensus’, we did a priori establish the agreement cut-offs
in the particular context of this investigation, as it has been
largely recommended.21 A final limitation is that we
excluded lower middle-income countries, because their
healthcare contexts and systems are quite different, and
would require a different purposive sampling approach for
their local contexts.

The very high agreement between international experts
on both the features and referral recommendations in this

study suggests that they are appropriate for use within the
primary care context for detecting signs that warrant refer-
ral for diagnostic assessment and concurrent referrals for
rehabilitation and other health professionals. This will
inform the content of knowledge translation tools for the
primary care context, the final wording and formatting of
which will be determined through collaboration with rele-
vant stakeholders (primary care practitioners, parents of
children with CP). A qualitative descriptive study using
focus groups will be conducted in the primary care context,
to gather family physicians’ and parents’ views about the
optimal manner of delivering the content that was vali-
dated through this Delphi survey.

ACKNOWLEDGEMENTS

The authors have stated that they had no interests that could be

perceived as posing a bias or conflict. The authors disclose receipt

of the following financial support for the research, authorship, and

publication of this article: ZB received salary support as a doctoral

trainee from funding from the Canadian Institutes of Health

Research (MOP-133402), which supported this study; ZB also

received financial support from the Richard and Edith Strauss

Canada Foundation as a Musculoskeletal Doctoral Fellow, as well

as from the Hoppenheim Fund/Montreal Children’s Hospital

Foundation as a trainee. We express our sincere appreciation to

the international experts who volunteered their time and con-

tributed their expertise. We also express our gratitude to research

assistants Deniz Keskinel, Quynh Nguyen, and Anna Radzioch

Guerin for their support with REDCap database management and

in preparing this manuscript. This project was supported by infras-

tructure provided by the Centre for Interdisciplinary Research in

Rehabilitation of Greater Montreal, the Research Institute of the

McGill University Health Centre, and the CHILD-BRIGHT

Network.

SUPPORTING INFORMATION

The following additional material may be found online:

Appendix S1: Members of the PROMPT group.

Appendix S2: Delphi survey instrument, round one.

Appendix S3: Delphi survey instrument, round two.

REFERENCES

1. Hirtz D, Thurman DJ, Gwinn-Hardy K, Mohamed M,

Chaudhuri AR, Zalutsky R. How common are the “com-

mon” neurologic disorders? Neurology 2007; 68: 326–37.

2. Oskoui M, Joseph L, Dagenais L, Shevell M. Prevalence

of cerebral palsy in Quebec: alternative approaches.

Neuroepidemiology 2013; 40: 264–8.

3. McIntyre S, Morgan C, Walker K, Novak I. Cerebral

palsy—don’t delay. Dev Disabil Res Rev 2011; 17: 114–29.

4. Novak I, Morgan C, Adde L, et al. Early, accurate diagnosis

and early intervention in cerebral palsy: advances in diagno-

sis and treatment. JAMA Pediatr 2017; 171: 897–907.

5. Noritz G, Murphy N; Neuromotor Screening Expert

Panel. Motor delays: early identification and evaluation.

Pediatrics 2013; 131: 2016–27.

6. Garfinkle J, Li P, Boychuck Z, Bussi�eres A, Majnemer

A. Attributes for the early diagnosis of cerebral palsy: a

scoping review. Pediatr Neurol Forthcoming 2019.

7. Murphy MK, Black NA, Lamping DL, et al. Consen-

sus development methods, and their use in clinical

guideline development. Health Technol Assess 1998; 2: i–

iv, 1–88.

8. Boychuck Z, Andersen J, Bussi�eres A, et al. Using con-

sensus methods to determine which early-motor signs

should prompt referral for diagnosis of cerebral palsy.

Paediatr Child Health. Forthcoming 2019.

9. Dalkey N, Helmer O. An experimental application of

the Delphi method to the use of experts. Manag Sci

1963; 9: 458–67.

10. Allen J, Dyas J, Jones M. Building consensus in health

care: a guide to using the nominal group technique. Br J

Community Nurs 2004; 9: 110–4.

11. O’Hara L, Souza LH, Ide L. A Delphi study of self-care

in a community population of people with multiple scle-

rosis. Clin Rehabil 2000; 14: 62–71.

12. Daly J, Chang EML, Bell PF. Clinical nursing research

priorities in Australian critical care: a pilot study. J Adv

Nurs 1996; 23: 145–51.

13. McMillan SS, King M, Tully MP. How to use the nom-

inal group and Delphi techniques. Int J Clin Pharm

2016; 38: 655–62.

14. Nair R, Aggarwal R, Khanna D. Methods of formal

consensus in classification/diagnostic criteria and

Expert Referral Recommendations for CP Zachary Boychuck et al. 95



guideline development. Semin Arthritis Rheum 2011; 41:

95–105.

15. Vakil N. Consensus guidelines: method or madness? Am

J Gastroenterol 2011; 106: 225–7.

16. Waggoner J, Carline JD, Durning SJ. Is there a consen-

sus on consensus methodology? Descriptions and recom-

mendations for future consensus research. Acad Med

2016; 91: 663–8.

17. Sumsion T. The Delphi technique: an adaptive research

tool. Br J Occup Ther 1998; 61: 153–6.

18. Hasson F, Keeney S, McKenna H. Research guidelines

for the Delphi survey technique. J Adv Nurs 2000; 32:

1008–15.

19. Jones J, Hunter D. Consensus methods for medical

and health services research. BMJ 1995; 311: 376–80.

20. McKenna HP. The Delphi technique: a worth-

while approach for nursing? J Adv Nurs 1994; 19:

1221–5.

21. Keeney S, Hasson F, McKenna H. Consulting

the oracle: ten lessons from using the Delphi tech-

nique in nursing research. J Adv Nurs 2006; 53:

2005–12.

96 Developmental Medicine & Child Neurology 2020, 62: 89–96



DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

RESUMEN

RECOMENDACIONES DE EXPERTOS INTERNACIONALES SOBRE CARACTER�ISTICAS CL�INICAS PARA UNA DERIVACI�ON R�APIDA PARA
LA EVALUACI�ON DIAGN�OSTICA DE LA PAR�ALISIS CEREBRAL

OBJETIVO Establecer recomendaciones de expertos internacionales sobre caracter�ısticas cl�ınicas para iniciar derivaci�on para la

evaluaci�on diagn�ostica de la par�alisis cerebral (PC).

M�ETODO Se realiz�o una encuesta online tipo Delphi con expertos en identificaci�on e intervenci�on temprana de ni~nos con PC a fin

de validar los resultados obtenidos en dos grupos de consenso realizados previamente en Canad�a con expertos en contenidos y

usuarios. Se enviaron dos rondas de cuestionarios por correo electr�onico. Los participantes calificaron su acuerdo con un puntaje

de 4 puntos en una escala Likert y con preguntas opcionales de respuesta abierta para comentarios adicionales. Adem�as, un panel

de expertos y usuarios revisaron los resultados de cada ronda y determinaron el contenido de las encuestas subsiguientes.

RESULTADOS En general, hubo un alto nivel de acuerdo sobre: (1) seis caracter�ısticas cl�ınicas que requieren derivaci�on r�apida para

el diagn�ostico, (2) dos caracter�ısticas de “se~nales de advertencia” que requieren monitoreo en lugar de referencia inmediata para

el diagn�ostico, y (3) cinco recomendaciones de referencia a otros profesionales de la salud que deben realizarse simult�aneamente

con la derivaci�on para el diagn�ostico.

INTERPRETACI�ON Hubo gran acuerdo entre los expertos internacionales, sugiriendo que las caracter�ısticas y recomendaciones de

referencia propuestas para los m�edicos de atenci�on primaria para la detecci�on de PC fue ampliamente generalizable. Estos

resultados informar�an el contenido de herramientas educativas para mejorar la detecci�on precoz de PC en el contexto de atenci�on

primaria.

RESUMO

RECOMENDAC�~OES DE ESPECIALISTAS INTERNACIONAIS SOBRE ASPECTOS CL�INICOS DISPARADORES DE ENCAMINHAMENTO
PARA AVALIAC�~AO DIAGN�OSTICA EM PARALISIA CEREBRAL

OBJETIVO Estabelecer recomendac�~oes de especialistas internacionais sobre os aspectos cl�ınicos disparadores de encaminhamento

para avaliac�~ao diagn�ostica em paralisia cerebral (PC).

M�ETODO Um levantamento online internacional do tipo Delphi foi realizado com especialistas em identificac�~ao e intervenc�~ao
precoce para crianc�as com PC, para validar os resultados obtidos em dois consensos pr�evios com especialistas no conte�udo e

usu�arios canadenses. Enviamos duas rodadas de question�arios por email. Os participantes pontuaram sua concordância usando

uma escala Likert de 4 pontos, junto com quest~oes abertas opcionais para informac�~oes adicionais. Al�em disso, um painel de

especialistas e usu�arios revisaram os resultados de cada rodada, e determinaram o conte�udo das pesquisas subsequentes.

RESULTADOS Em geral, houve alto n�ıvel de concordância em: 1) seis aspectos cl�ınicos que devem disparar encaminhamento para

diagn�ostico. 2) dois ‘sinais de alerta’ que merecem monitoramento mas n~ao encaminhamento imediato para diagn�ostico, e 3)

cinco recomendac�~oes de encaminhamento para outros profissionais da sa�ude simultaneamente ao encaminhamento para

diagn�ostico.

INTERPRETAC�~AO Houve alta concordância entre especialistas internacionais, sugerindo que os aspectos e recomendac�~oes para

encaminhamento propostos para m�edicos na atenc�~ao b�asica para a identificac�~ao precoce da PC foram amplamente generaliz�aveis.

Estes resultados informar~ao o conte�udo de ferramentas educacionais para melhorar a detecc�~ao precoce de PC no contexto da

atenc�~ao b�asica.



Round Two, Part One: 4 items 
Attributes to PROMPT referral for diagnosis of cerebral palsy

early handedness
Proposed revisions:

a hand preference
an early hand preference,

diapering
Proposed revisions:

when having their diaper / nappy changed

during a diaper / nappy change

Original item #1.3:
persistent fisting of the hands

Proposed revisions:
fisted (closed)
fisted (closed/clenched)

Original item #1.6:
any asymmetry

Proposed revisions:
asymmetry 
frequent asymmetry

consistent asymmetry

habitually demonstrates asymmetry

_____________________________________________________________________
Round Two, Part Two: 2 items 
Referral recommendations to occur simultaneously with referral for diagnosis of cerebral 
palsy

motor intervention specialist

Proposed revisions:



pediatric
occupational therapist and/or pediatric physical therapist

expertise in child development

pediatric clinical experience

functional vision specialist

Proposed revisions:

optometrist or an ophthalmologist for assessment/evaluation
functional vision specialist for intervention

optometrist or an ophthalmologist functional vision
specialist



Stakeholders: Content-Experts, Knowledge-Users 

Canadian Cerebral Palsy Registry (CCPR) Site Leads 

Knowledge Translation Methodologists 
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