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ABBREVIATIONS

COPCA Coping with and caring for

infants with special needs

EI SMART Early intervention: sensorimotor

development, attention and

regulation, relationships, and

therapist support

NICU Neonatal intensive care unit

The purpose of this review is to present a new framework, EI SMART (early intervention: sen-

sorimotor development, attention and regulation, relationships, and therapist support) for

identifying key components that could contribute to more effective interventions for infants

at high risk of atypical neurodevelopmental outcome. We present a clinical consensus of cur-

rent challenges and themes in early intervention, based on multidisciplinary group discus-

sions, including parents of high-risk infants, supported by a literature review. Components to

include in early intervention programmes are: (1) promotion of self-initiated, developmentally

appropriate motor activity; (2) supporting infant self-regulation and the development of posi-

tive parent–infant relationships; and (3) promotion of early communication skills, parent

coaching, responsive parenting, and supporting parental mental well-being. Such multimodal

programmes may need to be evaluated as a package.

Improvements in neonatal intensive care have been associ-
ated with increased survival of very low birthweight and
infants born preterm; however, morbidity remains high.
There is an increased risk of cognitive and/or behavioural
impairments, speech and language delay, and sensorimotor
deficits, including cerebral palsy (CP). This greatly
increases the emotional and financial burdens on families,
society, and health care systems.

Multiple factors have an impact on cognitive, beha-
vioural, language, and sensorimotor outcomes in infants
born preterm. Periventricular leukomalacia, grades 3 to 4
intraventricular haemorrhage, and bronchopulmonary dys-
plasia are associated with a high risk of CP.1 There are
also justifiable concerns about the impact of environmental
factors in the neonatal intensive care unit (NICU) on
infants born preterm, including noise, bright lights, medi-
cal equipment, and altered social interactions.2 Loud noises
and bright lights have short-term negative effects on
weight gain and cardiorespiratory parameters; these factors
influence developmental outcomes.2 Isolation in an incuba-
tor and skin-to-skin caregiver contact are very different
sensory experiences that affect cardiorespiratory parame-
ters and sleep organization. Non-medical factors includ-
ing social demographics, parental education, parenting
style, parental mental health, family structure, family

functioning, and the home environment, are also associated
with developmental outcomes.3 In a longitudinal study,3

the effects of biological and psychosocial risk factors on
cognitive and socio-emotional functioning outcomes aged
2 years were additive.

The birth of an infant requiring NICU admission repre-
sents a life-changing crisis for parents, which could have
an impact on parenting ability and their sense of self-
worth.4 A high-risk pregnancy and/or preterm delivery
may cause stress due to feelings of grief and guilt.5 Around
one-quarter of parents of infants born very preterm (espe-
cially mothers) report mental health problems over 2 years
after the birth.6 This may jeopardize parent–infant rela-
tionships that may affect subsequent child development.
Treyvaud et al.1 demonstrated a strong, positive associa-
tion between parent–child synchrony and child cognitive
development and social-emotional competence at 2 years’
corrected age.

Existing developmentally supportive care interventions
in the NICU include the Newborn Individualized Devel-
opmental Care and Assessment Program, Family Nurture
Intervention, Family Integrated Care, and the Mother
Infant Transaction Programme (Table SI, online support-
ing information). These interventions are underpinned by
an ethos of individually tailored collaborative care,
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developmentally supportive environments, and support for
the parent–infant relationship. All of these interventions
are supported by evidence from large-scale, randomized-
controlled trials.

Early intervention strategies that extend beyond dis-
charge from the NICU are also critical to ameliorating the
negative effects of preterm birth on parenting, parent–in-
fant interactions, and developmental outcomes. Details of
parent-focused early intervention programmes extending
beyond the NICU are provided in a narrative review by
van Wassenaer-Leemhuis et al.,2 which considers the
multimodal nature required of early intervention strategies
and issues around practicalities of implementation and
evaluation.

Since 2016, a multidisciplinary, UK-based group of early
intervention therapists (occupational therapy, physio-
therapy, speech and language therapy), a paediatric neurol-
ogist, a child psychotherapist with an interest in early
intervention, and parents of high-risk infants, have con-
vened to consider the largely fragmentary nature of the
evidence around early intervention and propose how a
more integrated approach could be implemented. The
group was initiated by one of the authors (BH) who, from
clinical experience and awareness of increasing interest in
early intervention in other centres worldwide, became
strongly motivated to ensure UK-based infants and their
families receive optimal early intervention services. She,
therefore, invited colleagues from relevant disciplines to
form a group addressing this issue.

This paper addresses the gap in current literature about
which early interventions facilitate the best outcomes for
high-risk infants. Identifying interventions that can reliably
improve global development across domains is crucial, as
the cost of minimal efficacy of early intervention is high in
terms of quality of life for families. We propose a clinical
reasoning framework for use in early intervention settings
with high-risk infants.

WHAT IS AN EARLY INTERVENTION PROGRAMME?
An early intervention programme for high-risk infants typ-
ically begins within the first year of life. All early develop-
ment (cognitive, motor, language and communication, and
growth) is influenced by social and emotional development
through caregiving relationships. Interventions during this
period have a high potential to impact positively on
neurodevelopmental outcomes.3,4 Early intervention aims
‘to promote child health and well-being, enhance emerg-
ing competencies, minimize developmental delays, remedi-
ate existing or emerging disabilities, prevent functional
deterioration, and promote adaptive parenting and overall
family function’.5 A meta-analysis showed improvement in
cognitive outcomes up to preschool age and in early
motor outcomes in infants born preterm with early inter-
vention;6 however, the effect on motor outcomes was
small. Furthermore, fewer than half of the studies pro-
vided information on motor outcomes at preschool and
school age.

ATTRIBUTES OF EARLY INTERVENTION
PROGRAMMES
Environmental enrichment
Increasingly, early intervention programmes specify ‘envi-
ronmental enrichment’. The term derives from animal
studies describing an environment that facilitates enhanced
cognitive, motor, and sensory stimulation in comparison to
standard housing conditions.5 In their review of the effec-
tiveness of early intervention programmes for infants with
CP, Morgan et al.7,8 operationally defined environmental
enrichment as ‘interventions that aim to enrich at least one
of the motor, cognitive, sensory, or social aspects of the
infant’s environment for the purposes of promoting learn-
ing’. Environmental enrichment components of interven-
tions are often implicit in their approaches but have rarely
been overtly described.

Responsive parenting: attention, regulation, and
relationships
It is key that health professionals create a central and
ongoing role for parents in their infant’s care, starting in
the NICU, to foster parental feelings of inclusion,
helpfulness, efficacy, and control. Post-discharge early
intervention programmes must also focus on nurturing the
parent–infant relationship by promoting responsive parent-
ing.2 Increased parent–infant attunement and responsive
parenting are associated with improved developmental out-
comes1 and increased resilience in the child.9 Given the
high prevalence of poor parental mental health outcomes,
which have an impact on the ability to provide responsive
parenting, it is important for effective parental psychosocial
support to be available where needed.

Within the setting of a strong parent–infant relationship,
the infant learns self-regulatory skills (e.g. crying but being
consolable; self-soothing; state changes between sleeping
and waking; feeding). Various structured assessments
appraise these adaptive behavioural capabilities, such as the
Neonatal Behavioural Assessment Scale,10 Newborn Beha-
vioural Observations,11 and the NICU Network Neuro-
behavioral Scale.12 The NICU Network Neurobehavioral
Scale was developed from the Neonatal Behavioural
Assessment Scale; its advantages are its strong psycho-
metric properties and the availability of standardized
norms. Administration of the Neonatal Behavioural Assess-
ment Scale and NICU Network Neurobehavioral Scale
sensitize the therapist to the complex dynamics of infant
behaviour, physiological stability, and attempts at self-reg-
ulation. The Newborn Behavioural Observations, which
primarily addresses relationship building, is a shorter, clini-
cal tool, allowing the clinician to engage with the family in
observing and interpreting the infant’s behaviour and

What this paper adds
• Early intervention programmes should address sensorimotor development,

attention, self-regulation, and early communication skills.

• Therapist input to the programme should include parent coaching and sup-
port for parental mental well-being.
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communication cues. These approaches provide a frame-
work that inherently includes parents by providing infor-
mation about infant behaviours and ways to modify
interactions to match infant needs. They provide struc-
tured feedback about the infant’s adaptive behavioural
development and regulation that can support sensitive,
contingent, and responsive parent caregiving, promote a
parental sense of competence, and help parents make
informed choices about caring for their infant. A Cochrane
review13 found a significant improvement in parent–infant
interactions in the intervention group (Neonatal Beha-
vioural Assessment Scale/Newborn Behavioural Observa-
tions) compared with controls, though individual studies
were of poor quality.

Self-regulation in early development is embedded in the
child’s relationships with others. Beginning with attach-
ment to primary caregivers, early relationships are the scaf-
fold on which cognitive, linguistic, emotional, and social
development unfolds. A critical element of good caregiving
is to provide a supportive environment, enabling the child
to take over and self-regulate in one area of functioning
after another. The Infant Behavioral Assessment and Inter-
vention Program is an effective intervention focusing on
supporting infant self-regulatory competence and respon-
sive parenting that uses similar approaches to the Newborn
Individualized Developmental Care and Assessment
Program but beyond the neonatal period.14 In a random-
ized-controlled trial, Infant Behavioral Assessment and
Intervention Program for very low birthweight infants until
6 months’ corrected age led to improved Performance IQ,
visuomotor skills, and certain gross motor skills at age 5
years 6 months compared with standard care.

Emotional regulation is strongly associated with the
development of attentional control.15 Attention is defined
as achieving and maintaining an alert state. Parenting that
is sensitive to the infant’s signals of interest and distress,
that participates in collaborative play, helping the infant to
engage with challenging situations and persist in achieving
their goals, will improve attention and emotional regula-
tion. Attention promotes learning by allowing the infant to
engage in activities for longer periods of time and to shift
attention flexibly. Self-regulatory behaviours are critical
early mediators of successful development of emotional
reactivity, attention and activity level, school readiness, and
cognition. A large cohort study compared sustained atten-
tion, temperament, and maternal sensitivity at 10 months
with self-regulation outcomes at 18 months.15 Early ability
to engage in sustained attention was positively correlated
with regulation outcomes. Moreover, responsive maternal
behaviour predicted better infant regulatory behaviour and
a longer latency to infant distress. The findings highlight
the importance of the caregiving environment in infant
development.

Sustained attention develops from the earlier emergence
of alertness, spatial attention, and feature identification.
Deficits in sustained attention are likely to emerge from a
complex interaction between biological factors and the

individual’s prenatal and postnatal environment, including
cascading effects resulting from atypical sensory and motor
interactions.8 Effective early intervention could help limit
such escalation of difficulties.

Communication
Programmes such as PremieStart16 (an adaptation of the
Mother Infant Transaction Programme), which focus on
increasing maternal sensitivity to infant behavioural cues,
show a promising positive impact on maternal–infant syn-
chrony at term age and on developing communication
skills up to 6 months corrected age (Table SI).

Communication development begins in utero and contin-
ues throughout infancy, childhood, and into early adult-
hood. Fetuses are surrounded by the maternal voice; in
comparison, infants born preterm in the NICU are relatively
deprived of maternal voice and opportunities for early
language learning. Language exposure at 32 and 36 weeks’
gestation affects infant vocalizations and conversational
turn-taking,17 with effects on communication outcomes at 7
and 18 months.18 This highlights the importance of parental
presence and input during the neonatal period to facilitate
early language acquisition. However, communicating
through incubator walls over the sounds of monitors can feel
embarrassing and pointless, and lack intimacy and spontane-
ity. Parents may require education, encouragement, and per-
mission to engage in behaviours such as talking and singing
to their infants in the NICU, which would feel acceptable
and natural in a private setting.

Between 6 months and 2 years there is development of
gesture, early vocalizations and linguistic communication,
and symbolic and functional play, all of which require a
responsive communication environment. Despite this, most
early language intervention programmes begin at 2 years
of age, which may not be optimal.

Sensory development
Sensory information has an important role in all areas of
development throughout the first year of life. Infants use
sensory information to modify movement and postural
control from the first months of life. However, the NICU
environment presents sensory challenges, with prolonged
and excessive exposure to auditory, visual, and tactile stim-
ulation during a period of critical brain development,
potentially leading to difficulties with sensory modula-
tion.19 Longitudinal studies have identified a relationship
between the sensory profiles of children born very preterm
and neurodevelopmental outcomes at 2 years of age.20

Abnormalities of basic sensory processing and adaptive
responses are likely to lead to later problems with more
complex developmental and cognitive processes. It is
important to adapt the NICU environment, where possi-
ble, to avoid exposing the infant to potentially harmful
sensory stimuli and to offer more helpful stimuli. For
example, infant massage was shown to promote electroen-
cephalogram-based surrogate markers of brain matura-
tion.21

Review 3



Evidence for the efficacy of interventions aiming to
improve sensory processing remains weak, partly due to
study methodology issues.22 Robust research findings in
this field would be welcome. In the absence of such evi-
dence, parents and practitioners should be aware of how
the individual infant may respond to sensory input and of
any limitations in sensory processing (including visual and
hearing impairments), how these may impact on behaviour,
and how to ameliorate the situation, including modification
of the environment and interactions with the infant as
necessary.

Motor learning: active ‘scaffolding’
Motor skill development is dictated by a mixture of genetic
and environmental influences and can be profoundly
altered by insults to the developing brain. The challenge is
to find effective approaches to optimize motor outcomes
after such insults. Interventions are being shaped by the
increased ability to identify infants at high risk of develop-
mental delay and those with emerging CP.23

Postural control strategies and movements of typically
developing infants when learning new skills are highly vari-
able. This variability allows for selection and adaptation of
the most effective motor patterns through afferent feed-
back and active learning. This process has been described
using Neuronal Group Selection Theory24 and helps eluci-
date why active exploration on the part of the infant facili-
tates motor learning. Infants with brain lesions have a
more limited movement repertoire. These infants also need
more task-specific practice than typically developing infants
to learn a motor task. Intervention strategies that provide
ample opportunities for trial and error, active exploration,
strategic use of postural support, and considerable repeti-
tion of developmentally appropriate motor skills, are key
to motor learning.3 For some infants with severe CP, pos-
sibly with associated cognitive deficits, finding the most
appropriate mix of sensory input and environmental
enrichment that results in active, self-initiated movements
is challenging but made possible by breaking down the task
and setting realistic intervention goals.

The Goals Activity Motor Enrichment25 programme is
an example of a multifaceted approach for infants born
preterm and at term at high risk of CP, with early encour-
aging results. In a randomized-controlled trial with 30 par-
ticipants receiving standard care or Goals Activity Motor
Enrichment for 16 weeks in the first year of life, motor
skills, cognitive skills, and parental satisfaction scores were
higher in the intervention group. The approach encourages
active infant participation, is goal-oriented, home-based,
and emphasizes parent education. Scaffolding strategies are
explored with parents, i.e. tasks and goals are tailored to
the infant’s developmental stage. As progress is made,
physical help is gradually reduced or the environment
adapted to ensure the infant remains challenged but able
to participate with self-initiated movement.

The coping with and caring for infants with special
needs (COPCA) approach emphasizes the importance of

parent coaching in solution-focused approaches to facili-
tate active infant participation. A randomized-controlled
trial comparing COPCA with traditional infant physio-
therapy for high-risk infants born preterm and at term
found no difference in motor outcomes up to age
18 months. Process evaluation revealed, however, that for
infants who developed CP, motor outcomes correlated
with the time spent by physiotherapists in coaching
caregivers and with time spent challenging the infant
to produce active motor behaviours.26 At follow-up,
COPCA-trained parents retained a trial-and-error approach
when their school-age children were learning new skills.
Providing rigid instructions to parents regarding interven-
tion approaches was associated with worse motor outcomes
at school age.27 However, application of these findings to
infants with CP may be limited because of the relatively
low proportion of infants in the study who ultimately
developed CP.

To date there has been no single early intervention
approach designed specifically for use by physiotherapists,
occupational therapists, and speech and language therapists
that encompasses all of the above evidence-based ‘ingredi-
ents’. Similarly, there is no single approach built around a
central strategy of parental inclusion, education, and
empowerment beyond the NICU, to maximize the effec-
tiveness of early intervention for the infant. Typically, pro-
grammes are delivered by individual therapists who focus
on their professional area of expertise (e.g. physiotherapists
in COPCA). Parents may not know what to expect from
service providers and may (potentially correctly) perceive
different therapists as having competing intervention agen-
das. The focus needs to shift towards the holistic needs of
the infant and family. A new approach is needed to pro-
duce collaborative, evidence-based services with a common
purpose, supporting professional development, placing par-
ental empowerment and education at the centre of early
intervention strategies, and bringing about a change in
practice.

THE EI SMART APPROACH
We propose ‘early intervention: sensorimotor develop-
ment, attention and regulation, relationships, and thera-
pist support’ (EI SMART) as a clinical reasoning
framework, derived from consensus clinical expertise in
partnership with parents and supported by current evi-
dence. The framework was developed to encourage prac-
titioners working with infants born preterm and other
high-risk infants to work collaboratively with parents with
the aim of optimizing and making manageable, early
interventional support for infants and their families, as
well as identifying their own professional development
requirements. Articulating the components enables thera-
pists to support their consideration of the interplay of
these elements and how they may impact an infant’s
development and the parent-infant relationship, which
will underpin the planning and delivery of their specific
therapeutic intervention. As such, EI SMART can
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promote a multidisciplinary, team-working ethos with the
knowledge, skills, and attitudes to undertake appropriate
assessments and work with parents to identify and
address the needs of the child and family in a tailored
programme.

We consider the following as core components: (1)
Actively involving, educating, and empowering parents in
biopsychosocial aspects of their infant’s care; (2) Support-
ing a consistent and responsive parent–infant relationship;
(3) Recognizing, supporting, and promoting the infant’s
self-regulatory behaviours; (4) Scaffolding the infant’s
next developmental cognitive, motor, sensory, and com-
munication steps to stimulate and elicit active participa-
tion; (5) Modifying the infant’s environment to ensure
the infant remains challenged and able to participate in a
wide variety of self-initiated, self-produced motor activi-
ties in a variety of conditions; and (6) Promoting parental
well-being.

Spittle and Treyvaud also provide recommendations
regarding key components of early intervention (e.g.
when to commence, where to deliver, who should receive
it, content, and duration).28 In addition to their sugges-
tions, it is important to consider who should deliver early
intervention. We propose that early intervention should
not be delivered in a time-limited way by one specialist
therapist. Infants and parents will benefit from an inte-
grated approach within the therapy team. Physiothera-
pists, occupational therapists, and speech and language
therapists, along with other health care professionals as
appropriate, bring their unique skills, knowledge, and
expertise to the family (who bring their own vast situa-
tional knowledge, motivation, and relationship with the
infant) but in a coordinated approach with a lead contact,
making intervention coherent and preventing overburden-
ing. A ‘one-size-fits-all’ approach does not work for high-
risk infants and their families: interventions must be tai-
lored to individual needs and circumstances. This is
achievable with a strong, multidisciplinary team, good
communication, appropriate assessments, and sensitivity
to individual situations.

Tailoring of interventions creates challenges for formal
evaluation of therapy. In clinical practice, however, a prag-
matic approach may be required, based on a combination
of elements that are effective in isolation. Evaluation of the
contribution of individual components to the overall out-
come may not be possible, but this does not preclude eval-
uation of the intervention package (e.g. the effect of having
an early intervention team on child and family outcomes).
Plans for development, evaluation, and implementation
must be made in partnership with parents.29 We are cur-
rently exploring parent views of their involvement in early
intervention, barriers, and facilitators to parent involve-
ment, and the influence of the parent–therapist partner-
ship,30 before formal evaluation of the EI SMART
approach.
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RESUMEN

PROGRAMAS DE INTERVENCI�ON TEMPRANA PARA LACTANTES CON ALTO RIESGO DE TRATARNOS DEL DESARROLLO
NEUROL�OGICO
El prop�osito de esta revisi�on es presentar un nuevo marco, EI SMART (intervenci�on temprana: desarrollo sensoriomotor, atenci�on

y regulaci�on, relaciones y apoyo del terapeuta) para identificar componentes clave que podr�ıan contribuir a intervenciones m�as

efectivas para los beb�es con alto riesgo de desarrollar un trastorno del neurodesarrollo. Presentamos un consenso cl�ınico de los

desaf�ıos y temas actuales en la intervenci�on temprana, basados en discusiones grupales multidisciplinares, incluidos los padres

de beb�es con alto riesgo, respaldados por una revisi�on de la literatura. Los componentes para incluir en los programas de

intervenci�on temprana son (1) la promoci�on de actividades motoras autoiniciadas y apropiadas para el desarrollo; (2) apoyar la

autorregulaci�on infantil y el desarrollo de relaciones positivas entre padres e infantes; (3) promoci�on de las habilidades de

comunicaci�on temprana, entrenamiento de padres, crianza responsable y apoyo al bienestar mental de los padres. Es posible que

dichos programas multimodales deban evaluarse como un paquete terap�eutico.

RESUMO

PROGRAMAS DE INTERVENC�~AO PRECOCE PARA CRIANC�AS EM ALTO RISCO DE RESULTADO ANORMAL DO DESENVOLVIMENTO
O prop�osito desta revis~ao �e apresentar um novo formato: EI SMART (intervenc�~ao precoce: desenvolvimento sens�oriomotor,

atenc�~ao e regulac�~ao, relacionamentos, e apoio do terapeuta) para identificar componentes centrais que podem contribuir para

intervenc�~oes mais efetivas em lactentes de alto risco. Apresentamos um consenso cl�ınico dos desafios correntes e temas em

intervenc�~ao precoce, com base em discuss~oes interdisciplinares, incluindo pais de lactentes de alto risco, com apoio de uma

revis~ao de literatura. Os componentes a serem inclu�ıdos em programas de intervenc�~ao precoce s~ao 1) promoc�~ao de atividade

motora auto-iniciada apropriada para o desenvolvimento; 2) suporte para a auto-regulac�~ao do lactente e desenvolvimento de

relac�~oes pais-filhos positivas; 3) promoc�~ao de habilidades precoces de comunicac�~ao, suporte aos pais, parentalidade respons�avel,

e suporte ao bem estar mental dos pais. Tais programas multimodais podem precisar ser avaliados em forma de um pacote.
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