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Abstract

Introduction

Neurodevelopmental abnormalities are common in children with congenital heart disease
and are the highest priority concern for parents and professionals following cardiac surgery
in childhood. There is no additional routine monitoring of development for children with
congenital heart disease in the United Kingdom hence neurodevelopmental concerns may

be detected late, precluding early referral and intervention.

Methods

An early recognition tool (the ‘Brief Developmental Assessment’) was developed using
guality improvement methodology involving several iterations and rounds of pilot testing.
The requirements were for a tool covering important developmental domains and
practicable for use within inpatient and outpatient settings by pediatric cardiac health
professionals who are non-developmental specialists, without specialised equipment and

which involved direct observation as well as parental report.

Results

Items were included in the tool based on existing developmental measures, covering the
domains of gross and fine motor skills, daily living skills, communication, socialisation and
general understanding. Iltems were developed for 5 age bands (0-16 weeks, 17-34 weeks,
35-60 weeks, 15 months-2.9 years, 3-4.9 years) and the final versions included a traffic light
scoring system for identifying children with possible delay in any or all domains. Preliminary
testing indicated excellent inter-rater reliability, an ability to detect children with a diagnosis
known to be associated with developmental delay, and largely acceptable internal

reliability.

Conclusion
We report the evolution and preliminary testing of an early recognition tool for assessing
development of children with heart disease; this was encouraging and sufficiently good to

support further validation in a larger study.
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Introduction

Neurodevelopmental problems and congenital heart disease

Congenital heart disease (CHD) is the most common major birth defect, affecting 6-8/1000
live births!. Improvements in medical and surgical management have resulted in a growing
population of children and adults living with CHD and its consequences (including those
resulting from cardiac surgery); paradoxically, improved survival, particularly of those with
more complex CHD, translates into a greater number of children and young people living with
significant neurodevelopmental morbidity?*.

Neurodevelopmental abnormalities are the most frequent morbidity in survivors of cardiac
surgery> and include motor deficits®?, seizures'®!3, poor executive functioning!®,
communication problems® 1> 16 impairments in visual construction and perception>*°, poor
attention?% 2! and learning difficulties® * 21, Deficits can range in severity and may be subtle
and therefore more easily overlooked, particularly in children with less complex CHD, and
throughout the course of childhood and adolescence the presentation of
neurodevelopmental abnormalities can change. Some deficits may resolve spontaneously,
others may not be apparent until later childhood. Recent longitudinal evaluation of a cohort
of preschool-aged children at high risk of developmental delay indicated an improving
developmental trajectory in some but approximately 20% had scores in one or more
developmental domains which decreased over time??. Presentation of deficits can be
obscured or confounded by a range of factors, including those related to cardiac surgery, the
effects of hospitalisation and other co-morbidities. The American Heart Association??
recently published guidelines for systematic surveillance, screening, evaluation and
intervention to identify neurodevelopmental problems early and optimise outcomes in the

short and longer term, building on earlier guidelines from the American Academy of



Pediatrics?4. They also highlighted the importance of continued monitoring because the level
of risk for neurodevelopmental impairment can change over time as different impairments
become apparent during different periods of development. Furthermore, children at risk for
poor late outcomes are frequently not identified from results of early testing®. It is therefore
not surprising that increasing numbers of follow-up programmes for children with CHD and
neurodevelopmental concerns are now being implemented, particularly in the United States?®

and some countries in Europe.

The United Kingdom National Health Service context

In contrast to the United States, other countries in Europe and Australia, there have been few
published manuscripts from the United Kingdom about neurodevelopmental outcomes in
children with CHD. However, the United Kingdom does require all pediatric cardiac centres to

submit surgical and outcomes data to a national audit data base.

During the conduct of a multi-centre study incorporating the prospective standardised
detection of peri-operative complications and follow up of children for six months following
pediatric cardiac surgery,?’-?° it has been noted based on feedback from health professionals
and parents that there is considerable variability in terms of follow up of developmental delay
for children with CHD. After an acute neurological event post-surgery a child will be assessed
by a neurologist but a child who has developmental delay in the absence of an acute
neurological event may not be referred to a developmental specialist. Although all children
with CHD are under follow-up with a pediatric cardiologist, such professionals are in general

not trained to undertake developmental assessments. Children with CHD and other



comorbidities including developmental delay may be under the care of a pediatrician at their
local hospital and may be referred by the cardiac centre or their pediatrician to local services
based on suspicion of developmental delay, but there is seldom the opportunity or resources

for any developmental testing to provide evidence to support those concerns.

Every child in the United Kingdom, irrespective of any known health problems, has an
allocated health visitor (a community based nurse or midwife) who should make a minimum
of five key visits to every family from the antenatal period until the child is 2-2.5 years old.
Neuro-developmental problems in children with CHD may arise from multiple aetiologies and
at all stages in their early lives and care pathways® ® 1% 13 hence these may be an issue prior

to the age of 2-2.5 years, thereby delaying recognition and intervention.

A formal standardised assessment of development using comprehensive tests such as the
Bayley Scales of Infant Development3?, Griffiths Mental Development scales3! or the Mullen
Scales of Early Learning3? is considered to be the gold standard but these are not tests that
are used for early recognition of developmental delay. If a problem is identified and a child is
referred for follow-up, such tests are usually undertaken by someone who has had specialist
developmental training and has time dedicated to perform the testing. However, if a child is
not referred such tests are unlikely to be performed as they are not integrated into the
routine follow-up of children. Moreover this would not be feasible because the tests are time
consuming and not practicable with sick children or within the context of a busy ward or
outpatients. Of note, children may require multiple cardiac interventions and the level of risk
may change over time, thereby necessitating some mechanism for repeated routine

monitoring and early recognition of developmental problems in all children with CHD (a not



inconsiderable number). Given this whole picture, and as we know anecdotally from our own
clinical practice, developmental delay is often detected late — frequently not until a child starts
school and education services become involved —thereby precluding the opportunity for early

intervention and causing stress to families who may be aware that ‘something is wrong’.

Intended improvements

With the above in mind, we determined that an early recognition tool would help to address
some of the current shortcomings and facilitate appropriate and timely referral for further,
more comprehensive neuropsychological evaluation for those in whom this is indicated. Our
aim was to identify an existing tool that would be fit for purpose or, failing that, to develop a
new tool that could subsequently be validated but that would, importantly, have the potential

to be routinely used within tertiary programs managing children with CHD.

Methods

Preliminary work: review of existing tools

A multidisciplinary team of 10 experts, comprising a paediatric neurologist, developmental
experts, paediatricians, psychologists, nurses and a statistical expert (the BDA Development
Group) was convened. The BDA Development Group generated a set of consensus-based

criteria for the optimal early recognition tool (Table 1) in children with heart disease.

A review of the published literature was undertaken relating to children with CHD and critical

iliness in order to identify the range of neurodevelopmental assessment tools available. Tests



of specific domains of function [e.g. the Peabody Developmental Motor Scales33] were not
included knowing that they do not assess all the relevant domains of neuropsychological
functioning. The neurodevelopmental assessment tools available were evaluated against the

stated pre-set criteria.

Development of the Brief Developmental Assessment

At all stages, the BDA Development Group held underpinning goals that the final version of
the Brief Developmental Assessment should be valid, reliable, understood by, and useful to,
health professionals, acceptable to parents, accessible, resource efficient, cover the relevant
areas of child development for the population of CHD and aid early referral of

neurodevelopmental problems34,

Recruitment and process for developing and testing the Brief Developmental Assessment

Stage One

The BDA Development Group decided, by consensus and based on the age distribution of
children undergoing paediatric cardiac surgery in the United Kingdom, on the most
appropriate age groups. Having reviewed relevant literature on neurodevelopment in
children with CHD and existing measures of development (see Supplementary Table 1 for
references), the conceptual basis and content of the Brief Developmental Assessment were
determined in terms of the domains to be assessed and individual items to be included within
each domain. On completion of the initial questionnaire development (version one), a
convenience sample of 50 children with a range of cardiac diagnoses and their parents were

recruited from the cardiac inpatient or day-case ward at our Institution to assess feasibility



and acceptability. Our approach to recruitment of the convenience samples reported in this
study was that when a member of the research team was available, he/she approached all of
the children with heart disease who were admitted to the cardiac inpatient or day-case ward
within the specified age range who were available based on occurrence of clinical care
procedures and those families who consented to participate then did so. Each convenience
sample included children considered to be at high risk for developmental disorders?? but it
was also important that children not typically considered to be at high risk were included
because of our aim of developing a tool which could be used with children with any cardiac
diagnosis. Medical and nursing staff trained in the use of the Brief Developmental Assessment
administered it to at least 5 children in each age group and parents and clinicians were asked
to provide verbal feedback about the process of administering the Brief Developmental
Assessment and the content of the questions, which was documented in the form of
contemporaneous notes. The BDA Development Group then made any necessary changes to

the content, based on the feedback, and a scoring system was added (version two).

Stage Two

A further convenience sample of 138 children (which included some children with a
condition known to be associated with developmental delay) were recruited from the
cardiac inpatient or day-case ward for pilot testing of version two and the Brief
Developmental Assessment was administered by nursing or medical staff. A preliminary
assessment of internal reliability was undertaken by calculating Cronbach’s alpha values. For
each age band we examined reliability across all individual scale items, between domain

totals and within each domain. Construct validity was assessed by comparing scores of 17



children in a known group with an age-matched group of 17 children who were not in a
known group. A Wilcoxon test for paired data was used to compare the two groups.
Medical and nursing staff were again asked to provide verbal feedback about the content
and scoring and members of the BDA Development Group met with a group of community
paediatricians to receive further feedback about the presentation, scoring and utility of the
Brief Developmental Assessment, with contemporaneous notes being taken at each
occasion. Further revisions were made to both the content and scoring system by the BDA

Development Group, with some problem items adjusted, resulting in version three.

Stage Three

A ‘traffic light’ scoring system was developed by the BDA Development Group, based on
age-appropriate norms3° 36, and a detailed training guide was developed. Inter-rater
reliability of version three was assessed with a convenience sample of 74 children by two
research assistants, one of whom administered the Brief Developmental Assessment and
scored it and a second research assistant observed and independently scored the Brief
Developmental Assessment based on the performance of the child and from the
information provided by the parent. The Brief Developmental Assessment scores obtained
by the two research assistants were statistically compared using a weighted kappa for the
gross motor score (possible range was 0-4) and an intra-class correlation-for the cognitive
score (possible range was 0-20). In addition, a sample of 15 parents and 7 clinicians who
had used the Brief Developmental Assessment were informally interviewed about their
experience of using it, in terms of ease of use and understanding, relevance, time taken and

suitability of using it in the ward or clinic situation®* 37 and responses documented and
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reviewed by the BDA Development Group in order to qualitatively evaluate the acceptability

and feasibility of the Brief Developmental Assessment.

The first three stages of development and preliminary testing of the Brief Developmental
Assessment are summarised in Figure 1. In Stage 4 (January 2014), the BDA Development
Group signed-off the final versions of the Brief Developmental Assessment in preparation for

a more extensive validation study.

Results

The review of existing measures indicated that no single existing developmental tool fulfilled
all of our criteria (Supplementary material — Table 1). Several measures only failed to meet
the criterion of having elements of both observational and parent report. We considered
the option of adapting one of these measures but this would have necessitated both

reducing the parental component and adding in observational items for each domain.

Content and structure

e The age bands were age band one: 0-16 weeks, age band two: 17-34 weeks, age band
three: 35-60 weeks, age band four: 15 months-2.9 years and age band five: 3.0-4.9 years.
This age banding was decided by consensus between members of the BDA Development
Group, taking into account a focus on pre-school children to facilitate early recognition of
problems, the need for the age groups to adequately capture the natural trajectory of
child development which is particularly rapid in the youngest children and the likely

population of children with CHD who undergo cardiac surgery, which incorporates a large
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proportion of very young children3®. As a result, age bands were skewed towards the
youngest age groups.

The domains identified as being important from the review of the literature and existing
developmental measures (Supplementary Table 1) determined the conceptual basis of
the tool. The domains were: gross motor, daily living skills, communication and
socialisation for all ages, fine motor (from 35 weeks) and general understanding (for
children of 17 weeks—4.9 years). Included items for each of these domains were based on
existing measures of development3® 3! and were selected to reflect developmental
progression within an individual age band. Behaviour items were included for children

aged 15 months to 5 years but were not included in the scoring.

Changes to the content and structure from version 1 to version 3 are shown in Figure 2.

Scoring

Each individual domain in all age bands had a potential score between 0 and 4. Hence the
Brief Developmental Assessment gross motor domain had a maximum score of 4 for all
ages. The remaining Brief Developmental Assessment domains corresponding closely to
cognitive processes were grouped together. The Brief Developmental Assessment
cognitive score within the youngest age band consisted of four domains and within the
older four age bands consisted of five domains, hence generating a maximum total score
of 16 under the age of 17 weeks, and 20 between 17 weeks and 5 years.

In order to address expected incremental developmental achievements with increasing
age, for each age band the 4 items within each domain were placed in order of increasing
difficulty. A child at the bottom of a given age band (youngest) would be likely to complete
fewer items than a child at the top of the same age band (oldest). Therefore in addition

12



to ordering the items, the age range for each age band was also divided into quarters, and
the expected ‘normal’ score range within each age quartile was identified (Green), as well
as the lower scores determining Amber and Red. Thus for each domain there was a clear
process for translating the number of items achieved into Red/Amber/Green based on
the precise age of the child. (An example of this is given in the supplementary material,

Figure 1).

Internal reliability

Internal reliability data on 138 children based on Brief Developmental Assessment version
two are displayed in Table 2. Of note, certain poorly performing items (Cronbach alpha <0.6)
were revised in the next iteration of the Brief Developmental Assessment. For example, in
age band one the motor scale was revised to include both a gross motor domain and a fine
motor domain in version 3, with 4 items in each. The scores for age band one were the most

problematic, with weak reliability, but increasingly good reliability in the older age bands.

Construct validity

The 17 children in a known group (Down syndrome: n=12, other genetic syndromes: n=5) had
significantly lower Brief Developmental Assessment scores (median: 10; IQR: 7) than their
age-matched counterparts (median: 16; IQR: 5.50; Z=3.08; p=0.002), with an effect size of .53
(equating to a medium effect size). There were at least two matched pairs in each of the five
age bands, hence individual numbers in each age band were too low for valid statistical

comparison. However there was no evident difference in the scores in the youngest age band.
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Inter-rater reliability

Inter-rater reliability data on 74 children based on Brief Developmental Assessment version

3 were excellent (Table 3). In terms of inter-rater concordance for children scoring as a

‘Red’ in each age band, there was perfect agreement on both the Brief Developmental

Assessment gross motor and Brief Developmental Assessment cognitive score scales for

children in each of the age bands 1-4 (Kappa = 1; p<.001). In age band 5 no child scored

‘Red’ on the Brief Developmental Assessment gross motor and on the Brief Developmental

Assessment cognitive score there was again perfect agreement (Kappa = 1; p<.01). The

numbers of children scoring as ‘Red’ on the Brief Developmental Assessment gross motor

were 11,4,4,5 and O for age bands 1-5 respectively and for the Brief Developmental

Assessment cognitive score the numbers scoring ‘Red’ were 4,7,4,8 and 2 for age bands 1-5

respectively.

Acceptability and feasibility

The Brief Developmental Assessment took up to ten minutes to complete and score,
unless there was a requirement to use an interpreter.

It was feasible to undertake the Brief Developmental Assessment in a ward or clinic
setting, in terms of timing, space and integration with other ward or clinic work.

A range of clinicians, in particular those based in community paediatric settings, were in
favour of the traffic lights scoring system.

Parents responded favourably to the Brief Developmental Assessment, reporting that the
content was relevant to their child and they found it acceptable and useful for their child

to be assessed with it, and nurses commented that completing the Brief Developmental
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Assessment was a good ‘ice-breaker’ for children at pre-admission clinics and that it
helped to build rapport with the child and family.
e The importance of training with explicit instructions for each item was emphasised by

clinicians.

Discussion

The motivation for this study was firstly the acknowledgement that children undergoing
cardiac surgery [approximately 5500 per annum in the United Kingdom3?], are at significant
risk for subsequent neuropsychological impairment?#, secondly an awareness that the issue
of developmental delay amongst children with CHD is of great importance to stakeholders, in
particular patient and parent groups?®, and early intervention is important for the child yet
surveillance of neurodevelopment is not part of routine care and thirdly our realisation that
the National Health Service is under immense resource pressure and constraint and hence
will never foreseeably be able to support a model based on the recent recommendations for
specialist neurodevelopmental follow up of all children with CHD?3. Rather, we hope to
develop a patient pathway that takes advantage of the structure of the National Health
Service and existing services for children with CHD that has a better chance of success, noting
that CHD services in the United Kingdom are centralised, and neurodevelopmental services
are based in secondary care settings. Therefore it is important to be able to identify children
who need further assessment but not to overburden the system by routinely referring all
children. To this end, the Brief Developmental Assessment has been developed. It is
important to emphasise that the Brief Developmental Assessment does not represent a full
neurodevelopmental assessment - rather it is an early recognition tool, which may be used to

raise awareness of neurodevelopmental issues in CHD and trigger more timely evaluations of
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neurodevelopment, in the most vulnerable children by appropriate practitioners.
Furthermore, given that neurodevelopmental deficits may not emerge or be apparent from
the outset, some deficits may “recover” spontaneously and there is also the potential for the
level of risk to change over time related to clinical factors, the Brief Developmental

Assessment provides a mechanism for regular screening, as recently recommended?3.

Despite the existence of many validated tests — both those designed for comprehensive
evaluation and screening tests (see Supplementary Table 1) — of neuropsychological
functioning in children, we were unable to identify an early recognition tool for use in children
with CHD that fulfilled criteria established by a multidisciplinary team of experts. In particular,
in order to meet the demands of a busy clinical service and a high patient volume within a
financially constrained system, it will be necessary for such assessments to be undertaken by
nurses or junior doctors (with appropriate training) rather than by developmental specialists.
The use of screening and early-recognition tools by non-specialist health professionals has
been reported across a wide range of measures and professional groups3# 4% and their use by
non-specialists is considered to be acceptable as well as practical given the remit and
requirements of such tools. Assessments need to be feasible without specialist equipment
(although more generic items such as paper and crayons would be expected to be available
on a paediatric ward) and need to be able to be completed and scored relatively quickly.
Assessment and surveillance are required across the range of ages from birth to adolescence
and particularly up to the age of five years when children start school since these are the ages
at which cardiac interventions, in some cases serial interventions, are undertaken.
Furthermore, assessment must incorporate the key domains of neurodevelopment which are

known to be at risk in children born with CHD who may sustain brain injuries before*! or soon

16



after birth*? or around the time of surgery®* and should include direct observations and not
rely entirely on parental report in order to minimise bias**. Finally, it is important that
completion and scoring of a measure should provide cues for further, timely, evaluation and

treatment (previously referred to as a useful guide to action)34.

Development of the Brief Developmental Assessment incorporated a thorough and iterative
process involving a multidisciplinary panel of experts and a review of the literature to inform
item selection, thus ensuring acceptable face and content validity. A similar approach has
recently been reported in the development and validation of an early childhood development
scale for use in low resourced settings**. There was iterative testing with revisions informed
by feedback and a strong steer for the Brief Developmental Assessment to be practical,
acceptable and feasible to use in routine clinical practice, hence the inclusion of a traffic light
system to aid interpretation of the results and guide actions. As reported, preliminary testing
of the Brief Developmental Assessment was encouraging, with excellent inter-rater reliability
and reasonable internal consistency for most domains. Some domains in version two had low
alpha coefficients which may suggest that these were not measuring the same construct
and/or may be related to the relatively small number of items in the subscales and the small
numbers of children involved in the preliminary testing. On the preliminary assessment of
construct validity, the Brief Developmental Assessment distinguished those in a known group
from those not in a known group but this may not hold true for the youngest age babies since
developmental delay as a result of a syndrome has not manifested. A number of issues were
identified related to understanding and clarity of certain items, and to ensure consistency of
administration and scoring and to minimise any ambiguity a detailed training guide was

developed.
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Moving forwards, it evident that there is a need for results of the Brief Developmental
Assessment to be linked to a referral pathway which is appropriate and acceptable to
clinicians working in different settings. The lack of such a pathway is a clear limitation and
needs to be addressed during the next stage of work. To that end a Delphi survey involving
professionals from various disciplines and across sectors in the United Kingdom is currently
underway. Furthermore, the Brief Developmental Assessment, now developed, requires full
formal validation with an appropriately powered sample in each age group. This has now been
completed® and includes an evaluation of the sensitivity and specificity of the Brief
Developmental Assessment against the gold-standard tests?°. Consideration also needs to be
given to the impact of false negatives and false positives for families as well as health
professionals®®. Itis clearly important for an early recognition tool to have a low false negative
rate but it has also been suggested that the rate of false positives should be no more than
30%*. Finally, prior to wider implementation of the Brief Developmental Assessment, a

training package will need to be developed.

Conclusion

We have reported the development and initial stages of testing of an early recognition tool
for use with children with CHD: the Brief Developmental Assessment. Our aim is to fill a gap
in the health surveillance of children with CHD and to address a significant and increasingly
common event — namely impaired neurodevelopmental functioning — by facilitating early,

targeted referral for reassessment through the implementation of an early recognition tool.

18



19



Acknowledgements

We would like to thank Kate Bull and Carlos D’Souza for their valuable contributions during
the development of the Brief Developmental Assessment, the community paediatricians in
Haringey who offered excellent advice about the presentation, scoring and utility of the
Brief Developmental Assessment and Dora Wood, Carol Bodlani, Aisling Bunting, Aarti Patel

and Rachel McKail who undertook the preliminary testing.

Financial Support

K Brown, D Ridout, A Hoskote, J Wray, L Smith, A Scarisbrick and S O’Curry were supported by the
National Institute for Health Research Biomedical Research Centre at Great Ormond Street Hospital
for Children NHS Foundation Trust and University College London. Professor M Lakhanpaul was
supported by the National Institute for Health Research (NIHR) Collaboration for Leadership in
Applied Health Research and Care (CLAHRC) North Thames at Bart’s Health NHS Trust. The views
expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the

Department of Health.

Conflicts of interest

None

Ethical standards statement

The project was reviewed by and registered with the Great Ormond Street Hospital Clinical
Audit team who approved it as a quality improvement project. Parents of children who were
directly involved in testing received written information and provided verbal consent for

their child’s participation.

20



References

1 Van Der Linde D, Konings EE, Slager MA et al. Birth Prevalence of Congenital Heart Disease
Worldwide: A Systematic Review and Meta-Analysis. ] Am Coll Cardiol 2011; 58: 2241-2247.

2 Mussatto KA, Hoffmann RG, Hoffman GM et al. Risk and Prevalence of Developmental Delay in
Young Children with Congenital Heart Disease. Pediatrics 2014; 133: e570-e577.

3 Majnemer A, Limperopoulos C, Shevell MI, Rohlicek C, Rosenblatt B and Tchervenkov C. A New
Look at Outcomes of Infants with Congenital Heart Disease. Pediatric Neurology 2009; 40: 197-204.
4 Snookes SH, Gunn JK, Eldridge BJ et al. A Systematic Review of Motor and Cognitive Outcomes
after Early Surgery for Congenital Heart Disease. Pediatrics 2010; 125: e818-827.

5 Gaynor JW, Stopp C, Wypij D et al. Neurodevelopmental Outcomes after Cardiac Surgery in
Infancy. Pediatrics 2015; 135: 816-825.

6 Long SH, Harris SR, Eldridge BJ and Galea MP. Gross Motor Development Is Delayed Following
Early Cardiac Surgery. Cardiol Young 2012; 22: 574-582.

7 Goldberg CS, Schwartz EM, Brunberg JA et al. Neurodevelopmental Outcome of Patients after the
Fontan Operation: A Comparison between Children with Hypoplastic Left Heart Syndrome and Other
Functional Single Ventricle Lesions. The Journal of Pediatrics 2000; 137: 646-652.

8 Hovels-Glrich HH, Konrad K, Skorzenski D et al. Long-Term Neurodevelopmental Outcome and
Exercise Capacity after Corrective Surgery for Tetralogy of Fallot or Ventricular Septal Defect in
Infancy. The Annals of Thoracic Surgery 2006; 81: 958-966.

9 Kirshbom PM, Flynn TB, Clancy RR et al. Late Neurodevelopmental Outcome after Repair of Total
Anomalous Pulmonary Venous Connection. The Journal of Thoracic and Cardiovascular Surgery
2005; 129: 1091-1097.

10 Bellinger DC, Jonas RA, Rappaport LA et al. Developmental and Neurologic Status of Children
after Heart Surgery with Hypothermic Circulatory Arrest or Low-Flow Cardiopulmonary Bypass. New

England Journal of Medicine 1995; 332: 549-555.

21



11 Bellinger DC, Wypij D, Kuban KC et al. Developmental and Neurological Status of Children at 4
Years of Age after Heart Surgery with Hypothermic Circulatory Arrest or Low-Flow Cardiopulmonary
Bypass. Circulation 1999; 100: 526-532.

12 Clancy RR, Sharif U, Ichord R et al. Electrographic Neonatal Seizures after Infant Heart Surgery.
Epilepsia 2005; 46: 84-90.

13 Rappaport LA, Wypij D, Bellinger DC et al. Relation of Seizures after Cardiac Surgery in Early
Infancy to Neurodevelopmental Outcome. Boston Circulatory Arrest Study Group. Circulation 1998;
97:773-779.

14 Marino BS, Beebe D, Cassedy A et al. Executive Functioning, Gross Motor Ability and Mood Are
Key Drivers of Poorer Quality of Life in Child and Adolescent Survivors with Complex Congenital
Heart Disease. Journal of the American College of Cardiology 2011; 57: E421.

15 Bellinger DC, Wypij D, Duplessis Al et al. Neurodevelopmental Status at Eight Years in Children
with Dextro-Transposition of the Great Arteries: The Boston Circulatory Arrest Trial. J Thorac
Cardiovasc Surg 2003; 126: 1385-1396.

16 Mahle WT, Clancy RR, Moss EM, Gerdes M, Jobes DR and Wernovsky G. Neurodevelopmental
Outcome and Lifestyle Assessment in School-Aged and Adolescent Children with Hypoplastic Left
Heart Syndrome. Pediatrics 2000; 105: 1082-1089.

17 Brosig CL, Mussatto KA, Kuhn EM and Tweddell JS. Neurodevelopmental Outcome in Preschool
Survivors of Complex Congenital Heart Disease: Implications for Clinical Practice. Journal of Pediatric
Health Care 2007; 21: 3-12.

18 Miatton M, De Wolf D, Francois K, Thiery E and Vingerhoets G. Neuropsychological Performance
in School-Aged Children with Surgically Corrected Congenital Heart Disease. J Pediatr 2007; 151: 73-
78,78 e71.

19 Miatton M, De Wolf D, Francois K, Thiery E and Vingerhoets G. Intellectual, Neuropsychological,
and Behavioral Functioning in Children with Tetralogy of Fallot. The Journal of Thoracic and

Cardiovascular Surgery 2007; 133: 449-455.

22



20 Hovels-Girich HH, Konrad K, Skorzenski D, Herpertz-Dahlmann B, Messmer BJ and Seghaye M-C.
Attentional Dysfunction in Children after Corrective Cardiac Surgery in Infancy. The Annals of
Thoracic Surgery 2007; 83: 1425-1430.

21 Shillingford AJ, Glanzman MM, Ittenbach RF, Clancy RR, Gaynor JW and Wernovsky G.
Inattention, Hyperactivity, and School Performance in a Population of School-Age Children with
Complex Congenital Heart Disease. Pediatrics 2008; 121: e759-e767.

22 Mussatto KA, Hoffmann R, Hoffman G et al. Risk Factors for Abnormal Developmental
Trajectories in Young Children with Congenital Heart Disease. Circulation 2015; 132: 755-761.

23 Marino BS, Lipkin PH, Newburger JW et al. Neurodevelopmental Outcomes in Children with
Congenital Heart Disease: Evaluation and Management: A Scientific Statement from the American
Heart Association. Circulation 2012; 126: 1143-1172.

24 Bright Futures Steering Committee and Medical Home Initiatives for Children with Special Needs
Project Advisory Committee. Identifying Infants and Young Children with Developmental Disorders in
the Medical Home: An Algorithm for Developmental Surveillance and Screening. Pediatrics 2006;
118: 405-420.

25 Mcgrath E, Wypij D, Rappaport LA, Newburger JW and Bellinger DC. Prediction of Iq and
Achievement at Age 8 Years from Neurodevelopmental Status at Age 1 Year in Children with D-
Transposition of the Great Arteries. Pediatrics 2004; 114: e572-e576.

26 Soto CB, Olude O, Hoffmann RG et al. Implementation of a Routine Developmental Follow-up
Program for Children with Congenital Heart Disease: Early Results. Congenit Heart Dis 2011; 6: 451-
460.

27 Brown KL, Pagel C, Brimmell R et al. Definition of Important Early Morbidities Related to
Paediatric Cardiac Surgery. Cardiology in the young 2017; 27: 747-756.

28 Pagel C, Brown KL, Mcleod | et al. Selection by a Panel of Clinicians and Family Representatives of
Important Early Morbidities Associated with Paediatric Cardiac Surgery Suitable for Routine

Monitoring. Under review 2016.

23



29 TsangV, Anderson D, Barron D et al. Selection, Definition and Evaluation of Important Early
Morbidities Associated with Paediatric Cardiac Surgery. 2014.

30 Bayley N and Reuner G. Bayley Scales of Infant and Toddler Development: Bayley-lii. Harcourt
Assessment, Psych. Corporation San Antonio, Tex, USA, 2006.

31 Griffiths R. Griffiths Mental Development Scales. Test Angency, 1976.

32 Mullen EM. Mullen Scales of Early Learning. AGS Circle Pines, MN, 1995.

33 Folio MR and Fewell RR. Peabody Developmental Motor Scales: Examiner's Manual. Pro-ed,
2000.

34 Fischer VJ, Morris J and Martines J. Developmental Screening Tools: Feasibility of Use at Primary
Healthcare Level in Low-and Middle-Income Settings. Journal of health, population, and nutrition
2014; 32: 314.

35 Kliegman RM, Behrman RE, Jenson HB and Stanton BM. Nelson Textbook of Pediatrics. Elsevier
Health Sciences, 2007.

36 lllingworth RS. The Development of the Infant and the Young Child: Normal and Abnormal.
Elsevier Health Sciences, 2013.

37 Morelli DL, Pati S, Butler A et al. Challenges to Implementation of Developmental Screening in
Urban Primary Care: A Mixed Methods Study. BMC pediatrics 2014; 14: 16.

38 Crowe S, Brown KL, Pagel C et al. Development of a Diagnosis- and Procedure-Based Risk Model
for 30-Day Outcome after Pediatric Cardiac Surgery. J Thorac Cardiovasc Surg 2013; 145: 1270-1278.
39 Brown KL, Crowe S, Franklin R et al. Trends in 30-Day Mortality Rate and Case Mix for Paediatric
Cardiac Surgery in the Uk between 2000 and 2010. Open heart 2015; 2: e000157.

40 Robertson JM, Hatton C and Emerson E. The Identification of Children with or at Significant Risk
of Intellectual Disabilities in Low and Middle Income Countries: A Review. In: Research CfD (ed.).
Lancaster University, 2009.

41 Sun L, Macgowan CK, Sled JG et al. Reduced Fetal Cerebral Oxygen Consumption Is Associated

with Smaller Brain Size in Fetuses with Congenital Heart Disease. Circulation 2015; 131: 1313-1323.

24



42 Licht DJ, Wang J, Silvestre DW et al. Preoperative Cerebral Blood Flow Is Diminished in Neonates
with Severe Congenital Heart Defects. The Journal of Thoracic and Cardiovascular Surgery 2004; 128:
841-849.

43 Gaynor JW, Nord AS, Wernovsky G et al. Apolipoprotein E Genotype Modifies the Risk of
Behavior Problems after Infant Cardiac Surgery. Pediatrics 2009; 124: 241-250.

44 Mccoy DC, Sudfeld CR, Bellinger DC et al. Development and Validation of an Early Childhood
Development Scale for Use in Low-Resourced Settings. Population health metrics 2017; 15: 3.

45 Brown K, Ridout D, Pagel C et al. Validation of the Brief Developmental Assessment in Pre-School
Children with Heart Disease. Cardiol Young; Under review.

46 Maxim LD, Niebo R and Utell MJ. Screening Tests: A Review with Examples. Inhalation toxicology
2014; 26: 811-828.

47 Cicchetti DV, Volkmar F, Klin A and Showalter D. Diagnosing Autism Using Icd-10 Criteria: A
Comparison of Neural Networks and Standard Multivariate Procedures. Child Neuropsychology

1995; 1: 26-37.

25



Table 1: Consensus based criteria for neurodevelopmental assessment tool

Applicable to the patient population in
need (children with heart disease), in
terms of age range and relevant
domains of development.

Test age ranges of 0-4.9 years.

Covers the important domains of gross motor,
fine motor, daily living skills, communication,
socialisation and general understanding.

Measure could be feasibly deployed in a
busy cardiac ward or clinic.

Staff able to administer the test (with training)
must be non-specialists in neurodevelopment
such as competent nurses.

Testing process does not require any specialist
equipment such as particular puzzles, pictures
or other bricks of a specific size; more generic
items such as paper and crayons acceptable.
Quick to administer (less than 10 minutes).

Results convey a useful guide to action.

Quick to score and not requiring specialist
software.

Measure contains accurate responses
with minimised reporting bias.

Test includes elements of direct observation
and parental report.
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Table 2: Results of preliminary internal reliability testing based on Cronbach alpha values

Age Band Age Band Age Band Age Band Age Band Five
One Two Three Four 3.0-4.9 years
0-16 weeks 17-34 35-60 weeks | 15 months —
weeks 2.9 years

Number included 25 31 23 37 22
All individual 0.51 0.70 0.64 0.92 0.78
items*
Between domain 0.39 0.57 0.68 0.87 0.73
totals (excluding
gross motor)**
Within each
domain:
Gross motor 0.19 0.39 0.72 0.76 0.69
Fine motor N/A N/A 0.17 0.78 0.35
Daily living skills 0.61 0.70 0.48 0.80 0.29
Communication 0.06 0.40 0.54 0.71 0.14
Socialisation 0.16 0.67 0.28 0.75 0.54

*'All individual items’ refers to each individual item on the whole scale, irrespective of which

domain.

**Domains other than the gross motor domain were grouped together (referred to as BDA

Cognitive); the Cronbach alpha value represents the internal reliability of the domain total
scores, other than gross motor.
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Table 3: Results of preliminary inter-rater reliability testing

Age Band BDA BDA Gross Pvalue | BDA BDA Cognitive P value
Gross Motor Cognitive | (Intra Class
Motor (Weighted (Number) | Correlation)
(Number) | Kappa)
Age Band One | 23 1 <0.001 |23 0.98 (0.96, 0.99) | <0.001
0-16 weeks
Age Band Two | 11 1 <0.001 11 0.99 (0.97, 1.00) | <0.001
17-34 weeks
Age Band 15 0.91(0.63,1) | <0.001 | 14 0.94 (0.82,0.98) | <0.001
Three
35-60 weeks
Age Band Four | 17 1 <0.001 16 1.00(0.99, 1.00) | <0.001
15 months-2.9
years
Age Band Five | 8 1 <0.001 |8 1.00
3-4.9 years

BDA Cognitive: total for all subscales other than gross motor subscale.
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