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Introduction

Howard Needelman

Abstract No longer is the success of care in the neonatal intensive care unit mea-
sured in terms of survival. As mortality statistics have continued to become more
reassuring, success must now be measured in terms of morbidity. This effort should
then be used to help the individual survivor and also be used to evaluate current
NICU practices. The NICU follow-up clinic has been developed as a means to
accomplish these dual goals. In fact, such a program is a requirement for a graduate
medical education program in neonatal-perinatal medicine. There are, however, no
clear guidelines to describe the optimal follow-up program and, for example, how
to structure it, staff it, and pay for it. Other issues not delineated are which graduates
are truly at risk and how long they should be followed. Finally, the relationship
between the follow-up clinic and the medical home must be clarified in order to not
fragment care.

Published in 1985, Jeff Lyon wrote Playing God in the Nursery [1]. It is a book
discussing the issues faced by parents and professionals who must deal with prema-
ture infants and infants with a high risk for developmental disabilities. He quotes the
mother of premature twins as reporting that “modern medicine has given me a beau-
tiful son who has great potential to fully enjoy a good life, and it has also given me
a beautiful daughter whose life will never bloom. I feel like saying ‘“Thank you,
modern medicine, and damn you, modern medicine.”” One of the challenges in
dealing with the high-risk population who have been in the newborn intensive care
unit (NICU) is to be certain that their developmental outcome is optimal. Minimally,
it is the role of the NICU follow-up clinic to help evaluate these infants and their
performance and to help parents or their surrogates navigate an often confusing
health-care and educational system. Additionally, the observed outcomes can be
used to evaluate the quality of therapies used in neonatal/perinatal medicine.
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Fig. 1 Infant/neonatal/postnatal mortality

Neonatology has, in its relatively short history, helped make tremendous strides
in improving the outcome of its patients. The neonatal death rate, i.e., deaths of
infants <28 days, a most basic measure of outcome, has declined from approximately
30 per 1000 in 1940 to approximately 5 per 1000 in 2000 (see Fig. 1). This dramatic
decrease has been aided by the advent of interventions in the care of the at-risk
neonate. A list of these interventions would include, to name only a few, antibiotics,
incubators, ventilators, and hyperalimentation. Subsequent investigations have
always found, however, that these interventions come with unforeseen and often
tragic cost. While these interventions may be thought to be available to the general
population, significant discrepancies in mortality are noted among different ethnic
and socioeconomic groups (Fig. 2). This raises the important question of health-care
disparities and its effect on neonatal outcome.

While there remains an interest in reporting mortality, there has been a growing
movement to report outcomes on the basis of sequelae, both major including cere-
bral palsy, intellectual disability, blindness, and deafness and minor including
speech and language delays, learning disorders, and behavioral sequelae such as
ADHD. Concern over neurodevelopmental sequelae is ultimately at the heart of the
frequently repeated debates over “how small is too small?”” NICU follow-up helps
answer this type of question.

Two different agendas must be coordinated for follow-up clinics to be effective.
The clinics must work minimally to augment the education system and act as a part of
the “Child Find” system described in the Individuals with Disabilities Education Act,
thus satisfying the need to help families navigate for services and service providers to
recognize those infants at risk or with proven delays. The clinics ideally should also be
the repository of information to allow perinatologists, neonatologists, and any other
professionals who deal with the at-risk NICU graduate population to determine
directions of appropriate perinatal, neonatal, and postnatal care. In fact, studies now
appear to describe life course interventions as much as NICU interventions.
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The Need to Evaluate Neonatal and Perinatal Interventions

In Pediatrics in 1953, Hess [2] described a 30-year experience in the outcome of
premature infants at Michael Reese Hospital in Chicago. He commented regarding
worse outcome in those infants not receiving immediate care. He also noted the
need to use breast milk. United States Public Health Service recommendations for
square feet required per bassinet were also discussed. He stated that “One frequently
reads in the public press of the birth of one of these small infants and occasionally its
early progress is reported but usually its ultimate development is left to the imagination.
This, together with the fact that we must all answer the question of whether these
very small premature infants are worth saving, encouraged us to believe that a long
range study of our smallest babies would be of instructive interest.” He described
the outcome of a large cohort of infants with birthweight <1251 g whose outcome
from approximately 1 to 28 years was known. NICU discharge mortality was noted
to be 10%. Approximately 70% were felt to have normal to superior mental devel-
opment and 55% to have normal or superior physical development. Only 15% had
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mental development and 10% had physical development rated as poor to extremely
subnormal. Only 6% were described as having retinopathy, and of these, half had
spasticity. He stated that “I give you these statistics in support of our original belief
that any effort expended in the care of these smallest prematurely born infants is of
inestimable value.”

Drillien [3] reported later in the decade of 1950 on outcomes of premature infants
in an Edinburgh study. While most previous reports of physical and mental develop-
ment showed some 50% or more of survivors to be of normal physical and mental
development, it is noted that these were often low birthweight infants, i.e., those
closer to 2500 g, and also included term growth-restricted infants. For Drillien, in
the paper published in 1958 in Archives of Diseases of Childhood, in the population
of prematures of 3 1b or less born in 1953 or later, the population showed frequent
growth failure, with weight more effected than height. Among 38 preschool children,
only 14 had a DQ of 90 or over, and among 21 school age children, only 3 were of
average intelligence. Most, however, could attend “normal primary schooling.” Two
thirds had behavior problems. One half had a visual defect, and 5 of 31 had cerebral
palsy. Drillien does make note of the lower socioeconomic status of many of the
families in the cohort.

Credit needs to be given in these early studies to an understanding of the impor-
tance of long-term sequelae and the length of follow-up. Many subsequent studies
have looked at infant and toddler outcomes, and only in the past decade or so has a
renewed effort been made to describe outcomes at school age and beyond. Silverman,
in an interview with Gartner in the AAP American History Project [4] in 1997 states
that “the total number of infants who were blinded in the 1942—-1954 epidemic of
RLF has never been tallied. Ten thousand is the closest number I have been able to
find as a rough guess; 7000 of these were in the US, more than in any other country.”
As he spoke about the RLF epidemic, however, he noted that the perception of the
visually impaired survivor has changed from “‘disabled’ to “self-sufficient persons
participating fully in everyday life.” Yet, “these people, many of them in their 40s,
face an unemployment rate of almost 80%. Their parents are my age, in their late 70s,
and are saying to me now, ‘What is going to happen to my children when I die?’”

While many of the errors in neonatal care were documented from cases while the
children were in the nursery, there are a few notable exceptions. The CDC in 1979
was informed of several cases of a Bartter-like syndrome with metabolic alkalosis
with failure to thrive, anorexia, or constipation. When other cases were found, the
cause was felt to be Neo-Mull-Soy, a soy-based formula, and improvement was
noted when the patients received chloride supplementation. The infants ranged in
age from 2 to 9 months.

The search for a way to treat and prevent chronic lung disease (CLD) or broncho-
pulmonary dysplasia (BPD) in the premature has been a frustration of the neonatal
community for decades. Because of the presumed inflammatory component to the
condition, among the therapies used over the years has been the use of postnatal
steroids. A 42-day course of dexamethasone was among the protocols used in
the 1980s. A 2002 statement from the American Academy of Pediatrics and the
Canadian Paediatric Society [5], partially based on infant outcomes at 1 year of age
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or older, stated that the routine use of dexamethasone for prevention or treatment of
BPD was not recommended. The follow-up studies generally showed an increased
risk of neurodevelopmental impairment including cerebral palsy, blindness, or a
developmental score more than 2 standard deviations below the mean in
dexamethasone-treated patients. The strength of this recommendation was modified
some in a revised AAP statement [6] in 2010, but the fact remained that “high daily
doses of dexamethasone (approximately 0.5 mg/kg per day) ... have been associated
with numerous short- and long-term adverse outcomes, including neurodevelop-
mental impairment....” These recommendations led to discussions of modification
in steroid use in the NICU.

There are, of course, success stories in the NICU that follow-up has helped iden-
tify. The use of therapeutic hypothermia for hypoxic-ischemic encephalopathy has
generally become a standard of care, and when evaluating for the outcome of death
or disability at 18-24 months of age, a significant reduction in poor outcomes is
found when the infant at risk is cooled. A conclusion of an AAP Clinical Report is
that “data from large randomized clinical trials indicate that therapeutic hypothermia,
using either selective head cooling or systemic cooling, is an effective therapy for
neonatal encephalopathy” [7].

While attempts were being made to improve medical care in the NICU to ideally
improve developmental outcomes, others were investigating the environment in
which that care was provided. White [8] and others have written extensively regard-
ing the appropriate design of the NICU, discussing issues such as ambient noise and
light. Als [9] has written about the potential of long-term sequelae in exchanging the
intrauterine environment for the NICU environment. In an attempt to ameliorate
some of the negative effects of this transition, she established the Newborn
Individualized Developmental Care and Assessment Program (NIDCAP), perhaps
the best known of many efforts of developmental care.

While neonatal intensive care services were being provided to premature infants
at earlier and earlier gestational ages and neonatology progressed through phases that
Robertson in Journal of Perinatology [10—12] has described as the “hands off years”
from 1920 to 1950 to the “heroic years” of Silverman’s “therapeutic exuberance”
from 1950 to 1970 to the “experienced years” of 1970-2000, the public was alter-
natively enamored and disgusted with the events taking place in the NICU.
Newspapers would describe miracle babies delivered and surviving at extremely
low birthweights and later describe the monumental costs involved in saving these
infants and their subsequent apparent poor quality of life.

Therefore, while strides were being made to improve neonatal care, the twentieth
century also saw tremendous changes in the perception of the rights and potential of
those children felt at risk for a poor neurodevelopmental outcome. Progress occurred
primarily through educational and legislative channels, and the history has been
well documented in Shonkoff and Meisels [13] and summarized here. While the
philosophical groundwork came from Europe, the first public kindergarten came to
the United States in St Louis in 1872, and early support for kindergarten came from
advocates for poor children. Maria Montessori, a physician in Italy with experience with
children with intellectual disability, developed a preschool educational program for
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the urban poor in the early twentieth century. Rather than using Montessori’s
self-teaching methods, when the nursery school concept began to grow in the United
Sates in the 1930s, the schools were generally designed after the parent involvement
models of the Macmillans of London. The recognition of the value of early education
has helped underlay the concept of the value of early intervention for all children,
including those with disabilities, and explore therapies aimed at ameliorating delays.

Occurring in concert with the realization of the educational needs of the
disadvantaged were legislative mandates to deal with the plight of the poor. In 1912,
the Children’s Bureau was established by Congress to serve children including
those with disabilities, and data from this program recognized deficiencies in the
care of this latter group. Subsequently, in 1935 the Social Security Act’s Title V
included assistance to states to promote the health of mothers and children, federal
matching funds to states for services for “crippled children,” and funds to state
welfare agencies to develop programs for at-risk children. Medicaid as part of
Social Security became law in the 1960s and with it the Early and Periodic Screening
Diagnosis and Treatment Program (EPSDT), mandating, among other things, devel-
opmental screening. Also in the 1960s, Head Start began based on the belief that
early childhood intervention would be useful in optimizing later development.
Certainly, credit for some of the advances of the decade of the 1960s goes to the
commitment of President Kennedy to the advocacy of those children at risk includ-
ing those with intellectual disability and the continuation of that commitment
through the Johnson administration.

With this historical backdrop, in 1975, Congress passed P.L. 94-142, the
Education for All Handicapped Children Act. This law guarantees a free and appro-
priate public education (FAPE) to all children, regardless of disability. It included
efforts to improve the identification of children with disabilities. It also addressed
special education and related services and provision of due process for parents and
children to protect their rights. The subsequent years have seen modifications of this
groundbreaking law. While P.L. 94-142 guaranteed the right for an Individualized
Education Plan (IEP) for children 5-21, it left to state discretion early intervention.
Part B of PL. 99-457 in 1986 mandated a FAPE for children 3-21 by 1991 and
provided incentives for states to provide services for those ages 0-3. In 1991, the
1975 and 1986 legislation were combined in P.L. 101-476, the Individuals with
Disabilities Education Act which was subsequently reauthorized as the Individuals
with Disabilities Improvement Act of 2004 or IDEA 2004. With this legislation,
early intervention was provided through an individualized family service plan
(IFSP) for children with disabilities or at risk 0-3 years and special education
through an IEP for children with disabilities ages 3—-21. In addition to educational
services in a least restrictive environment, related and transition services should be
provided, and families have the right to due process. The Americans with Disabilities
Act amended in 2008 guarantees through Section 504 that children with disabilities
are not discriminated against in the general education classroom and may receive
accommodations and modifications to their curriculum based on their disability.
Part C of IDEA 2004 requires states to develop “child find” systems to identify
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those needing to be evaluated for qualification for an IFSP or IEP. The NICU
follow-up clinic furnishes at least part of that bridge.

It seems clear that as neonatal-perinatal medicine was beginning to question the
acceptability of the outcomes of its intervention in the educational and psychological
literature, there was a movement away from Gesell’s theories of primacy of matura-
tion to an acceptance of the possibility of change through behavioral and educa-
tional interventions. The optimism was not unbridled, however. In the Infant Health
and Development Project, the effectiveness of early intervention seemed more
robust for the heavier low birthweight infants than the lighter, i.e., <2000 g, low
birthweight infants; Blair and Ramey [14] state “it is the co-occurrence of LBW and
environmental disadvantage that places the LBW infant at highest risk for develop-
mental delay... Within high- or low-risk groups, environmental factors account for
the majority of variance in outcome. In between-group comparisons, however, an
interaction may exist in which environmental factors become less important with
increased severity of perinatal status.” Orton et al. [15] in a meta-analysis of early
intervention studies found little evidence of effectiveness on motor outcome at
infant and school age. The improved cognitive outcomes in infancy and preschool
were not sustained to school age. Nevertheless, the experience gleaned from the
actions of the twentieth century, medical, educational, and legislative, permitted
those interested in follow-up to hope for at least the partial amelioration of deficits.
These efforts at amelioration included focus on both the major and increasingly
more commonly recognized minor sequelae associated with NICU stays. The opti-
mism in the treatment of all children with disabilities, including those who have a
history of care in the NICU, is further reinforced by the perspective of the WHO
disability terminology which places emphasis on functional interaction rather than
pathophysiology (Fig. 3).

An Educational Role for the Follow-Up Clinic

The Accreditation Council for Graduate Medical Education (ACGME) has recognized
that there is a need to follow those infants with an NICU history. In the 2013 revision
of their 2006 requirements for graduate medical education in neonatal-perinatal medicine,
the requirement for an NICU follow-up clinic is clearly stated [16].

VIII.C.6 A sufficient number of discharged infants must be available to assure
appropriate outpatient experience for each fellow.

VIIIL.C.6a) This should occur in a NICU follow-up clinic.

VIIL.C.6b) The clinic must have staff with expertise in performing developmental
assessments, as well as skilled neonatal or pediatric faculty as teachers.

VIIL.Cc) These experiences should enable fellows to understand the relationship
between neonatal illnesses and later health and development, and to become
aware of the socioeconomic impact and psychosocial stress that such infants
may place on a family.
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Relation to the Medical Home

An NICHD workshop [17] in 2004 met to examine guidelines for follow-up clinics.
Other than discussions regarding growth, the manuscript primarily uses develop-
mental outcomes as the measure to be used to assess interventions in the nursery. In
the clinics, the recommendation for further care is “refer for diagnostic or interven-
tion services as needed.” There was little focus on the effectiveness of the interven-
tions for delays, and, while neonatal diagnoses and interventions such as BPD,
complex medical problems, and postnatal steroids are presented as risk categories,
no mention is made of the appropriate venue for managing complex and chronic
problems such as feeding or diuretics, steroids, and oxygen. Because few of these
clinics are part of a medical home, while the expertise in the medical management
of these problems is often found in the follow-up clinic, the management of these
issues in the follow-up clinic can and often does lead to fragmentation of care in
conflict with a medical home model. Other follow-up clinics will refer these com-
plex patients to subspecialty clinics such as pulmonology or gastroenterology, and,
in those cases, the relationship to the medical home will be dictated by the relation
of the subspecialty clinic to the patient’s medical home. Certain subspecialty
follow-up, such as ophthalmology, will always require special services often at
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other sites. Many follow-up clinics will limit their responsibility to neurodevelop-
mental evaluation and recommendation for intervention for these issues and defer
other medical follow-up to the discretion of the primary care provider.

Questions Raised

While the need for comprehensive follow-up is clearly stated, there are numerous
questions to be answered regarding the structure and administration of such a pro-
gram. Who needs to be followed and at what intervals? What specialties comprise
the optimal staffing? What testing should be done and how should it appropriately
relate to individual state’s early intervention programs? How should the program be
financed, especially given the at-risk nature of the families involved and the expected
high incidence of no shows? While the NICU follow-up clinic is a necessary bridge
between the NICU and the early intervention system, providing both a quality control
to the NICU and a “child find” apparatus to EI, there is no clear guide as to how to
establish one of these clinics.

It is our hope that this monograph will give sufficient background to aid those
who are privileged to care for and provide services to this special population. With
this information, those personnel should be more able to advocate at their institutions
in establishing and maintaining follow-up programs.
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Check for
updates

Sandra Willett

“Virtually every aspect of early human development, from the
brain’s evolving circuitry to the child’s capacity for empathy, is
affected by the environments and experiences that are
encountered in a cumulative fashion, beginning early in the
prenatal period and extending throughout the early childhood
years.” From Neurons to Neighborhoods, Executive Summary,
2000 [1]

Abstract Developmental care (DC) is a caregiving philosophy that focuses on
minimizing stress and maximizing developmental opportunities for NICU infants and
their families. The goal is to provide individualized, family-centered care in order to
optimize immediate and long-term infant health and developmental outcomes.
Developmental care guides broad NICU practices and policies. From daily bedside
routines such as feeding and positioning to comprehensive protocols for staff training
or environmental design, the approach considers the potential impact of every experi-
ence upon a developing, fragile infant. This chapter provides an overview of what is
known about developmental care: the theoretical foundation; the core constructs that
guide implementation; the strengths and limitations of current, common DC practices;
and the existing evidence that supports or refutes these widely embraced principles.

Introduction

Babies born prematurely face numerous developmental challenges. Up to 50% will
experience difficulties with motor, cognitive, attentional, and/or behavioral skills that
impact school-age academic success and social participation [2, 3]. Deficits in working
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memory, visuomotor/perceptuomotor skills, attention, and executive function persist
through adolescence contributing to learning disabilities and lower IQ scores [4, 5].
While factors such as severity of medical condition, suboptimal nutrition, and neces-
sary medical interventions during a period of biological fragility contribute to adverse
preterm infant developmental outcomes, the neonatal intensive care unit (NICU) envi-
ronment and experience are increasingly scrutinized as a significant stressor altering
infant/family health and well-being [6]. NICU “developmental care” focuses on devel-
opmentally appropriate infant and family-centered care experiences. It is “defined by
efforts in unit design, equipment selection, policies, care protocols, and staff training to
maintain the basic physical, sensory, and interpersonal needs of the preterm infant
while minimizing exposure to noxious stimuli” [7]. The hope of such caregiving is to
optimize immediate and long-term infant cognitive and psychosocial development and
to empower the families who parent NICU graduates [8].

From a public health perspective, developmental care implies a continuum from
preconceptual maternal healthcare to prenatal care to postnatal care through late
childhood/early adolescence [9, 10]. Any adversity along this continuum such as
trauma, medical complications, social instability, or prematurity potentially alters out-
come trajectories. Developmental care (DC) as a NICU philosophy emerged in the
late 1970s and early 1980s as advancements in medical technology allowed survival
of the smallest, sickest infants [11, 12]. As infant mortality decreased, prematurity-
related developmental sequelae increased. Heidelise Als, the founder of NICU devel-
opmental culture, recognized the importance of comprehensive, individualized
medical and developmental care in optimizing infant outcomes. With her profound
insight and influence, the NICU care paradigm shifted from technology driven to
relationship-based, from an environment focused on the needs of medical care pro-
viders to the needs of infants/families, and from hard-wired age or stage-related
guidelines to individualized, family-centered clinical decision-making. Developmental
care is a comprehensive, transdisciplinary approach. The movement is associated with
various monikers (“neuroprotective care” [13, 14], “developmentally supportive care”
[14], and most recently “trauma-informed, age-appropriate care” [15]) or with
specific approaches (“neonatal individualized developmental care and assessment
program” [16] and “neonatal integrative developmental care model” [17]). Semantics
aside, developmental care acknowledges that premature babies, and their families, are
“under construction.” All inputs, social, physical, emotional, and environmental,
potentially strengthen or compromise foundational neuro-circuity. Three basic, broad
constructs are fundamental to developmental care:

Dr. Heidelise Als, Ph.D.,
founder of Neonatal
Individualized Developmental
Care and Assessment
Plan(NIDCAP). This approach
revolutionized developmental
care and emphasizes the need
for “tailoring” the environ-
ment to match the individual
needs of a given infant
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Fig. 1 Development is a complex, interactive dynamic between infant, environment, and experience.
All three realms are dramatically altered with premature birth. Developmental outcomes, in all
domains, social, emotional, motor, cognitive, and behavioral, are the cumulative result of positive
and negative influences over time

1. At any given point in time, each infant/family is unique. Developmental care recog-
nizes the individual strengths, needs, and vulnerabilities of each infant/family unit.

2. Infants and families experience incredible stress during NICU hospitalization.
NICU caregiving prioritizes respect and protection of infant/caregiver dyads during
a sensitive period of neurobehavioral development and emotional attachment.

3. Environment and experience have a profound impact upon the premature infant’s
developing neurosensory systems. Cumulative positive and negative inputs
determine eventual infant and family outcomes [8, 18, 19] (Fig. 1).

This chapter will explore developmental interventions and assessments for
premature infants hospitalized in the NICU. What do we know? What is still in
question? And to maximize immediate and long-term outcomes, which develop-
mental practices should be “standard” best-practice?

Developmental Vulnerability: Rationale
for Developmental Care

Stress and the NICU Environment

Development is the acquisition of new capabilities over time as a result of physical
maturation and experiential learning. Although milestones appear to be predictable
and time-ordered, passage of time alone does not guarantee sequential change [20].
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Experience, as well as physical, social, emotional, and cultural environment, matters
for determining how and when children develop. Developmental plasticity refers to
cumulative “shaping” of behaviors in social, affective, and cognitive domains
through positive and negative influences [11, 21]. Behavioral changes both reflect
and drive changes in underlying brain architecture. Conception through early
infancy is a profoundly vulnerable yet resilient period for developmental neuroplas-
ticity, for in this window rapid central nervous system growth, differentiation, and
integration occur [12, 22]. While babies are “wired for learning” at birth with innate,
experience-expectant capabilities [1], healthy caregiving relationships and support-
ive environments establish neurological connectivity for experience-dependent
social, emotional, and cognitive growth. If birth occurs early, neurodevelopmental
processes are altered by atypical neurosensory, social, and environmental stressors.
Changes in central nervous system anatomy, physiology, and biochemistry result.
In long-term studies of children born prematurely, decreased white and deep gray
matter volumes as well as differences in synaptogenesis and myelination are
documented [4, 23]. Alterations in microstructural and functional connectivity
affecting regions associated with motor and sensory function, auditory and visual
processing, memory, attention, and language [2, 24, 25] correlate with clinically
significant cognitive and language delays that persist through adolescence [4].

The premature population demonstrates long-term anatomic, neurochemical,
and hormonal changes known to be associated with early life stress and cortisol
production [2, 26]. In animal studies, early life stressors “can distort rodents’
approach to problem-solving, interfere with their ability to successfully orient their
behavior toward a goal, and reduce their ability to engage with new or uncertain
conditions” [27]. These reported behavioral responses implicate regions of the CNS
involved with self-regulation, memory, and executive function and are strikingly
similar to those exhibited in children with attention deficit disorder or learning dis-
abilities, disorders known to be common among children born prematurely [11, 14,
28]. In humans, such learning difficulties are manifest early. With preterm infants
born at less than 30 weeks of gestation, Lobo et al. examined manual exploration of
objects, an important precursor for cognitive development, during the first 6 months
of life. Infant exploratory motor behaviors such as fingering, transferring, and
squeezing were coded during interaction with seven different, standardized infant
toys. Compared to term infants, preterm infants demonstrated decreased overall
object exploration, decreased visual-haptic multimodal exploration, impaired
bimanual exploration, and reduced variability in exploratory behaviors that reflect
severity of prematurity-associated risk [29].

Extrauterine environmental and physical demands acutely stress the fragile, pre-
mature infant’s physiological capabilities. Such stress, if intense or prolonged,
becomes “toxic” causing chronic hyperstimulation of the autonomic system [15, 27].
Consider a fetus, in utero, at 28 weeks of gestation. Every physiological need, from
gas exchange to temperature regulation, is modulated by the uterine environment.
Premature birth disrupts this symbiosis. The dimly lit, sound-protected, movement-
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contained, and predictable maternal rhythmicity is replaced by the high-tech
NICU. Bright lights, noisy equipment, high activity levels, painful interventions,
unpredictable care patterns, and parental separation prevail. Parental separation
alone is known to disrupt infant physiologic stability [8, 30], hippocampal synapto-
genesis [31], and social responsivity [18]. Routine but necessary NICU caregiving
practices, diaper changes, bathing, or weighing precipitates behavioral and physio-
logical responses indicative of stress [11, 15, 19]. Smith et al. prospectively fol-
lowed 44 infants born prior to 30 weeks of gestation reporting an average of 11,
with a range of 4-18 stressful procedures daily in the first 14 days of a preterm
infant’s life [23]. Stress is problematic in the NICU environment. Though complete
elimination of prematurity-associated stress is unlikely, developmental care aims to
minimize it.

Developmental Care Constructs

Developmental care (DC) in the NICU begins the moment a baby enters the world,
regardless of gestational age. Nurses, physicians, occupational therapists, physical
therapists, respiratory therapists, developmental specialists, speech language pathol-
ogists, and psychologists make up the professional caregiving team. But, undeniably,
the most critical and consistent members of the NICU infant care team are the par-
ents. Broadly, DC encompasses appropriate modulation of external sensory informa-
tion (tactile, vestibular, visual, gustatory, proprioceptive, and auditory), sleep
protection, energy conservation through clustering of cares and positioning, and
parental engagement [17, 18, 32]. In a large, multicenter project (Neonatal Adequate
Care for Quality of Life), Montirosso et al. [33] assessed implementation of develop-
mental care using the Quality of Care Checklist, a survey probing care practices,
parent policies, environmental controls, and infant pain management. Infant neu-
robehavioral outcomes at discharge as measured by the Neonatal Network
Neurobehavioral Scale (NNNS) were improved in NICUs with higher infant-
centered care, as measured by parental involvement with cares and other develop-
mental practices, and pain management survey scores.

Specific elements of DC are “bundled” into “approaches” in an attempt to stan-
dardize practice patterns. These include Neonatal Individualized Developmental
Care and Assessment Plan (NIDCAP), Maternal-Infant Transaction Program (MITP),
Creating Opportunities for Parental Empowerment (COPE), Hospital to Home:
Optimizing Infant’s Environment (H-HOPE), Family Nurture Intervention (FNI),
and Neonatal Integrative Developmental Care Model. None of these is as widely
acknowledged or has had as universal an impact upon NICU culture as Heidelise
Als’ Neonatal Individualized Developmental Care and Assessment Plan (NIDCAP).
In fact, the very foundations of all developmental care and the approaches listed
above are centered upon Als’ synactive theory of development and understanding
infant neurobehavioral cues.
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Understanding Infant Neurobehavioral Cues

Als, a developmental psychologist renowned for her studies of premature infant
behavior and brain development, transformed NICU care culture. With meticulous
detail and eloquent thought, she forever altered how premature infants were per-
ceived through application of T. Berry Brazelton’s pioneering work with newborn
neurobehavior. Brazelton, “impressed from the beginning by the newborn infants’
ability to interact with the environment and by their capacity to deal selectively with
environmental stimuli” (Brazelton and Nugent, 2011, p. 3) [34], challenged the
notion that infants were predominantly reflexive, incapable of learning or social
interaction, and merely passive recipients of sensory stimulation. Instead, he, with
newborns, and Als, with preterm infants, described environmentally and socially
responsive infant communication strategies built on four interdependent subsystems:
autonomic/physiologic, motor, state, and attention/social interaction [16, 34, 35].
Als’ synactive theory of neurobehavioral development (Fig. 2) posits these four
interdependent subsystems work “synactively” with environmental and caregiver
influences to promote infant self-regulation.

Self-regulation is the pinnacle of infant neurobehavior. When the four subsys-
tems interact harmoniously, babies self-regulate, actively coping with environmental
demands and interacting for social engagement [35, 36].

Als’ conceptual framework demonstrates characteristics of both a hierarchical
and dynamical systems model [37]. Subsystems evolve and differentiate in a fairly
defined maturational sequence with physiological systems at the “core” or taking

Self-
regulation

‘Attention/interaction

Behavioral state
organization

"= =

Motor organization

Physiological stability

Fig. 2 Als’ synactive theory of development proposes that infant self-regulation is dependent
upon stability within four interrelated subsystems: attention/interaction, behavioral state/organiza-
tion, motor organization, and physiological stability. These subsystems emerge in a hierarchical
manner developmentally with physiologic needs laying the foundation. But, at any given moment,
subsystems interact dynamically, supporting or compromising each other
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precedence (hierarchical); yet, systems interact with each other, the environment,
and caregivers in such a way that any one may support or compromise another
(dynamical system). For example, if a baby’s physiologic foundation is challenged
by a medical condition such as respiratory distress, the infant suppresses motor activ-
ity, enters a protective sleep or drowsy state, and “tunes out” social interaction to
preserve physiological stability. This innate, protective mechanism occurs regardless
of gestational age or developmental stage and serves a useful purpose: it conserves
energy for growth. It is a manner of coping. Conversely, with this same struggling
infant, if social/interaction or sensory information is of inappropriate timing or inten-
sity, a cascade of physiologic compromise occurs. Decreasing environmental neuro-
sensory demands or providing motor system support through swaddling/containment,
in this instance, serves to promote physiologic stability. The self-regulated infant
maintains balance within and between subsystems during periods of stress without
external assistance [36]. More importantly, the self-regulated infant has the capacity
to explore within and learn from the physical and social environment.

Term equivalent age preterm infant with bronchopulmonary dysplasia and feeding difficulties
exhibits stress cues and poor regulation when transitioned to caregivers lap (left). Motor contain-
ment and a rest break to recover are necessary to maintain physiologic stability. She drifts into
protective sleep after the stressful interaction (right)

Within each subsystem, specific behaviors or subtle physical cues may be “read”
to understand if an infant is expressing “coping/readiness” or “stress” or approach or
avoidance [38]. Autonomic or physiologic cues involve basic bodily functions. Overt
signs of autonomic stress include changes in color, heart rate, respiratory rate or
effort, and oxygen saturation levels. Within context, startles, hiccups, sneezes, gags,
emesis, or gastrointestinal motility may also herald physiologic instability. Motor
stress is displayed by changes in posture or movement, increased extension, increased
or decreased resting tone and activity levels, increased tremulousness, or movement
disorganization. Flexion, hand to mouth or hands to midline, sucking, and grasping
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Stress Signs
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Coping Signs

Physiologic Tachypnea/Apnea Sucking, coordinated feeding

Tachycardia/Bradycardia
Mottling/Cyanosis/Ruddiness Healthy color (pink)
Hiccups
Gagging/poor feeding Oxygen levels, heart rate,
Yawning, sighing, sneezing respiratory rate remain within
Oxygen desaturation acceptable ranges

Motor Hypo or hypertonicity Flexed postures
Extreme postures Movement variability
Increased extension Appropriate tone
Tremors or startles Smooth movements
Motor agitation/squirming Hand to face or hand to mouth

State Irritability, excessive crying Achieves and maintains a quiet,
Inconsolability alert state
Difficulty with state transition Transitions between states
Difficulty awakening or staying Consoles easily
awake

Attention/Interaction Grimace Bright eyes

Gaze Aversion
Glassy eyes or locked stare
‘Gape’ face

Open, engaged facial expression
Visual attention

Fig. 3 Potential indicators of infant stress/coping within the four subsystems of Als’ synactive model

reflect coping. State, quantified numerically along a continuum from one (deep sleep)
to six (highly agitated, crying), reflects degree of infant arousal. State alone may not
indicate coping or stress. Instead, the baby’s ability to maintain state organization,
robustness, and range of, as well as transition between, states during caregiving or
interaction is of interest [37, 38]. Babies who are awake, alert, and attending to social
or environmental stimuli are considered state four, an optimal state for learning.
Babies engaged in interaction who transition into sleep or agitated states may be
communicating stress or fatigue. Finally, social/interactive cues are last to emerge
developmentally and perhaps most difficult to read in preterm infants [39]. Stress
cues in this subsystem share similarities with the subtle body language cues that even
adults display: grimaces, gaze aversion, looking away, inattention, panicked alert-
ness, irritability, or inconsolability [38]. Ongoing observation of neurobehavioral cues
across the four subsystems allows caregivers and families to monitor an infant’s
adaptation to routine cares or therapeutic interventions and to adjust environmental
and sensory inputs accordingly (Fig. 3).

Environment and Experience: What Matters and Why

Developmental Care Practice Themes

Developmental care interventions begin with the basic premise that environment
and experience matter and can be manipulated to protect physiologically fragile
NICU infants. But which elements of developmental care are considered standard?
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Protecting sleep
(caregiving practices,
environmental controls)

Pain and Stress
Management
(facilitated tucking,
Kangaroo Mother Care,
sucking)

Healing Environment:

(Light, sound, unit design,

sensori-motor experience
and positioning)

Family-Centered Developmental
Care: (Unit policies that Activities of Daily
promote family acess, Living: (Feeding,

collaboration) Diapering, Bathing)

Fig. 4 Core constructs or basic elements of developmental care with selected examples of inter-
ventions include protected sleep, pain and stress management, developmental activities of daily
living, family-centered care, and the “healing environment™

This next section will explore a broad range of developmental care strategies from
specific practices like kangaroo mother care to NICU-wide environmental modifi-
cations like noise and light control. These care practices are not implemented to
mediate acute medical conditions. Instead they guide baby and family friendly care,
foster infant/mother attachment, and promote age- or “stage”-appropriate learning
experiences to optimize infant outcomes. Coughlin and colleagues, acknowledging
that DC was universally embraced but inconsistently implemented, reviewed the
literature to define core constructs [40]. They described five: protected sleep, pain
and stress assessment and management, developmental activities of daily living
(feeding, positioning, skin care), family-centered care, and the healing environment.
The Neonatal Integrative Neuroprotective Care Model™ (Fig. 4: Altimier, 2015;
Phillips, 2015) using slightly different semantics expands this to seven with the
addition of protecting skin and optimizing nutrition [14, 41].

In practice, individual DC constructs are tightly interrelated and overlapping:
addressing one ultimately influences others.

First and Foremost Sleep: The Foundation for Growth
and Well-Being

Sleep is crucial for infant health and well-being [42, 43]. Babies born prematurely
demonstrate disorganized sleep, shorter sleep duration, greater indeterminate sleep,
and disrupted sleep-wake cyclicity [42, 44, 45]. Such alterations affect cognitive,
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behavioral, and social-emotional development. Weisman et al. report low birth-
weight; premature infants who demonstrate poor sleep transitions at 37 weeks of
age exhibit lower cognitive, verbal, symbolic, and executive performance at 5 years
of age suggesting sleep characteristics upon discharge predict neurodevelopmental
outcomes [44].

NICU environmental stressors, such as noise, lighting, or poorly timed caregiving,
disrupt neonatal sleep cycles [43]. Levy and colleagues, using video and polysomnog-
raphy, studied a group of near-term infants in the NICU to determine if hands-on care
affected sleep [46]. They reported maximum durations between handling episodes at
50 min, with a median rest period of 2 min. Further, they stated that infant arousals
occurred in 57% of caregiving episodes with resulting infant hypopnea in 28% of
those. The developmental costs linked to disruption of neonatal sleep cycles are high.
Patterned sleep cycles are necessary for neural maturation, memory consolidation,
and processing of sensory stimuli, particularly visual information [47—49]. Preterm
infants with poorly regulated sleep-wake cycles demonstrate difficulty with gaze reg-
ulation at 4 months of age and higher distractibility at 18 months. Both traits are
strong predictors of attentional and learning deficits [49]. Disrupted sleep is further
associated with extrauterine growth restriction. Common in premature infants, this
growth pattern occurs when an infant expends essential calories during stress-induced
wakefulness, calories that, during restful sleep, would be available for growth and tis-
sue healing [42, 50]. An adverse developmental trajectory ensues: decreased growth
impacts brain development during a period of rapid differentiation; decreased brain
growth impacts cognitive development which in turn impacts performance at school
age and potential for adult educational achievement. Finally, sleep deprivation alters a
baby’s ability to allocate attention and maintain self-regulation [48, 50]. The sleep-
deprived infant spends less time alert, awake, and attending, which impacts early
social interactions and bonding. The attention-socialization-stress cycle is linked to
adverse mental health outcomes [51]. It is no surprise that DC focuses on modifiable
NICU environmental factors known to protect sleep and reduce infant stress: noise,
light, and caregiving practices.

The Auditory Environment/Experience

Noise and Auditory Development in the NICU

For premature babies, the very equipment that sustains life potentially disrupts sleep
and elevates physiological stress by creating background “noise.” 1974 EPA guide-
lines, acknowledging health risks associated with noise-induced stress, state continu-
ous noise should never exceed 100 dB nor impulse noise 140 dB; in hospitals, 45 dB
is acceptable during daytime but 35 dB recommended at night [52, 53]. Routine NICU
sound levels vary from 50 to 90 dB with intermittent noise as high as 120 dB [53-55].
Graven reports both increased risk for sensorineural hearing loss and substantial
sleep interference for babies exposed to sustained sound levels above 60 dB [43].
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Threshold of Pain 120
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Fig. 5 Common environmental and NICU sound levels

Feeding pumps, for infants too immature to eat, and physiological monitors that alert
caregivers out of visual range of potentially life-threatening events alarm at
60-80 dB [53]. The human factor also contributes. Bedside conversations register
sound levels of 50 dB and laughter 70 dB [53]. Lasky and Williams report that
NICU newborns in open cribs breathing room air achieved American Academy of
Pediatrics’ recommended sound level exposure (45 dB) only 36% of their stay,
babies with nasal cannulas 21% of their stay, and extremely low birthweight babies
only 6% of their stay [56]. They conclude that in most “NICU care circumstances,
the AAP recommended sound levels were almost never achieved” [56] (Fig. 5).

In addition to disrupting sleep and causing physiologic stress, NICU noise affects
auditory, speech language, and social development. In the womb, the fetus can
perceive and respond to sound as early as 26 weeks [57, 58]. Differentiation of
complex sounds and varying speech phonemes is possible by 30 weeks, marking the
onset of speech/language development [59, 60]. Changes in amount and type of fetal
acoustic experience impact auditory structure and function at multiple levels. Animal
studies establish prenatal exposure to intense low-frequency sound damages hair cells
in the developing cochlea as well as CNS auditory processing connections [43].
Chang and Merzenich report rat pups raised in continuous noise fail to recognize
certain sound frequencies or patterns, basic benchmarks of auditory processing, until
they are three to four times older than peers raised in a noise-free setting [61]. Chicks
exposed to excessive noise during the fetal period demonstrate decreased birthweight,
decreased brain weight/size, and changes in auditory system neuronal size and
structure [62]. In utero monkeys and rats exhibit an increase of circulating stress
hormones in response to noise and subsequent abnormal social behavior after birth
[63]. Clearly, early sound experiences have wide-reaching influence.



26 S. Willett

Typical human in utero sounds originate from external and internal maternal
sources. External sounds are filtered by maternal tissues and amniotic fluid which
dampens intensity. Internal sound is generated by maternal physiologic functions
(respiration, digestion, heart rhythm, and physical movements), then transmitted to
the developing cochlea via bone conduction [59, 64]. This mode of transmission
shelters the cochlea from certain frequencies allowing preferential processing of
maternal voice [64]. Term babies, immediately after birth, demonstrate clear prefer-
ence for their mother’s voice suggesting that auditory attention, learning, and mem-
ory are established from intrauterine experiences [59, 64]. When a NICU stay
precipitates maternal separation and NICU background noise distorts perception of
adult speech, this phase of language learning is disrupted. Longitudinal outcome
studies indicate that preterm infants are at greater risk for delayed expressive and
receptive language processing and deficit in phonological short-term memory
[50, 60]. Auditory processing and attention regulation, both critical for speech/lan-
guage development, are highly susceptible to damage from altered fetal sound
environments.

Strategies to Optimize Auditory Experience

Determining optimal auditory experiences for the developing infant in a noisy
NICU is difficult. Obviously, noise abatement strategies are the first line of defense
and will be discussed further in the next section. In conjunction with “noise” man-
agement, Caskey and colleagues suggest that for auditory input it is not only “how
much” or “how loud” but “who” provides it that matters. Studying NICU infants as
young as 32 weeks, they report (1) hourly adult word counts increased by more than
380% at 32 weeks and 220% at 36 weeks when a parent was visiting, (2) child
vocalizations per hour increased when a parent was present by as much as 129%,
(3) infant/adult conversational turns increased by 520% at 32 weeks and 160% at
36 weeks when a parent was present, and (4) infant vocalizations and “conversa-
tions” were greater during parent feedings than nurse feedings [60]. In 2014, this
same group demonstrated that higher adult word counts in the NICU are positively
correlated with higher Bayley III language composite scores at 7 and 18 months of
age [65]. Clearly, having a parent present changes the amount of language a preterm
infant is exposed to and the amount of reciprocal social interactions a baby experi-
ences, both important precursors for speech/language and social development. The
power of parental presence will be fully detailed in a later section.

NICU music therapy (MT), the intentional and mindful use of soothing sound, has
been promoted as a developmentally appropriate source of auditory input. If used
mindfully, music can mask environmental noise, promote calming, and reduce
stress for both infant and parents. MT has been applied and studied for a diverse
range of NICU purposes including analgesia during painful procedures, soothing
during withdrawal in neonatal abstinence syndrome, feeding and sucking entrainment,
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overall stress reduction, growth and behavioral enhancement, promotion of attachment
behaviors, and development of social, language, or cognitive skills [66]. No long-term
follow-up studies substantiate the impact of MT on infant developmental outcomes,
but Standley, in a 2012 meta-analysis, found strong effect sizes (Cohen’s d of 0.70
or greater) favoring MT study groups for behavioral and physiological measures of
infant stress reduction, improved sucking and feeding abilities, and decreased
length of hospital stay [67]. Standley goes on to report that infants aged 28-35 weeks
demonstrated the greatest benefit, females were more responsive than males, and
intervention effectiveness decreased as birthweight increased [67]. Bieleninik,
Ghetti, and Gold conducted a meta-analysis of 14 randomized controlled MT trials
that included 964 preterm infants and 266 parent participants [68]. They established
that MT reduced infant respiratory rate by 3.91 breaths per minute, a statistically
significant and clinically relevant indicator of relaxation response, and MT
decreased measures of maternal anxiety significantly, shifting mean anxiety scores
from clinical to subclinical levels [68]. While further research is needed with regard
to standard “dosing” and acceptable volume parameters, live maternal singing is
favored over adult speaking or recorded music for improving infant behavioral state
and reducing stress measures [69, 70]. As with any intervention, appropriate timing
of MT is critical as is monitoring an individual infant’s response before, during, and
after music exposure to prevent overstimulation, physiological compromise, and
interference with sleep cycles.

Appropriately timed live singing may reduce stress and improve physiologic stability in medically
fragile, preterm infants. Infant response must be monitored carefully before, during, and after
music exposure. Photo compliments of Nebraska Medicine
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Noise Abatement Strategies

To reduce stress and optimize adult speech exposure, NICU noise abatement is and
continues to be a focus of developmentally supportive intervention. Graven in 2003
recommended standard sound abatement strategies that incorporate both staff
awareness and systematic monitoring [43]. Increased awareness alone decreases
ambient nursery noise [55, 71]. Strauch et al. report a simple “quiet hour” per shift
significantly drops sound levels and increases the percentage of time babies spend
in light or deep sleep [50, 72]. Current NICUs incorporate multiple levels of sound
control. Ambient sound monitors, intelligent or vibrating alarm systems, enclosed
staff workstations, structural sound-absorbing design elements, and traffic patterns
for noise containment are standard [55, 71, 73]. Ongoing programs to increase noise
awareness are and should be routine policy. Families, visitors, and staff complete
compliance modules that address safe sound practices. Single family room (SFR)
designs are standard, replacing the noisy open-bay infant care areas [55, 71, 73].
SFR design drops noise levels on average 12 dB below the AAP’s recommended
safe level of 45 dB [74].

Single Family Room Designs: The Ideal Solution?

The rationale for SFR is much more comprehensive than sound control [51, 75, 76].
Environmental control, sleep protection, infant stress reduction, and family involvement
drove the design shift; all constructs are intimately associated with developmental care.
Indeed, SFR is associated with multiple advantages. For the infant, these include
greater rate of weight gain, decreased episodes of apnea, improved sleep and behav-
ioral regulation, reduced infection rates and mortality, decreased length of hospital-
ization, fewer medical procedures, quicker transition to enteral feeds, fewer
rehospitalizations, and better neurodevelopmental outcomes at term and 18 months
of age [76, 77]. SFR shifts focus from infant-centered care to the infant/family dyad.
Associated family outcomes include increased parental visitation, increased family
participation in infant cares, improved psychosocial indices, greater family satisfac-
tion, and improved breastfeeding outcomes [73, 74]. Lester, in an 18-month follow-
up study of infants who graduated from two different nursery designs, concluded
that SFR “jump-starts” high maternal engagement [77]. Mothers in the SFR group
engaged with infant care early and sustained high-level involvement compared to
open-bay design mothers who demonstrated slow ramping toward involvement as
infant discharge approached.

Yet controversy exists. Concerns regarding staffing patterns, ease of patient care/
accessibility, and costs of redesign remain. Shepley et al. argue that SFR construc-
tion cost is recuperated in the first 12 months of operation [78]. Lester and col-
leagues report less overall stress, more personal accomplishment, and less emotional
exhaustion among nurses practicing in a SFR environment [76]. These same nurses
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indicate that SFR design facilitates a more professional environment and greater
family-centered care. Pineda et al. consecutively assigned 136 infants born prior to
30 weeks of gestation to either SFR or open bay over a 3-year period (2007-2010)
[79]. Measures of cerebral maturation were lower in SFR infants at term age; Bayley
Scales of Infant Development language scores were lower, and Infant Toddler
Social-Emotional Assessment externalizing behavior scores were higher among the
SFR group at 2 years of age. Although the authors conclude that SFR may not be as
beneficial as suggested, limitations to their study abound. Small sample size for
cerebral maturation measures (approximately 20 for each group), non-randomized
room assignment, greater Medicaid-insured families among the SFR group, and an
urban NICU population with historically low parental visitation rates impedes
generalizability.

The Visual Environment/Experience

Light and Visual Environment in the NICU

Premature infants exposed to light of inappropriate intensity or duration exhibit
physiological signs of stress and adverse clinical outcomes such as poor weight gain
or behavioral and sleep disturbances [80]. Exposure to atypical light and visual
sensory experiences during fetal development impacts the structure of neurosensory
systems and functionally contributes to deficits in visual acuity, depth perception,
visuospatial memory, visual attention, and visuomotor control/perception [8§1-83].
In utero, baby’s eyes are continuously shielded from bright light and patterned
images; and circadian rhythms, influenced by light cycling after birth, are driven by
changes in maternal temperature, activity, and hormone production [42]. The visual
system develops prenatally in an environment devoid of direct light and patterned
visual information. Anatomical protective mechanisms, pupillary constriction, eye-
lid thickness, and motor behaviors for eye shielding that modulate extrauterine
visual inputs at birth are poorly developed prior to 40 weeks of gestation [47]. The
mismatch between preterm endogenous visual capabilities and exogenous extra-
uterine stimulation impacts cell production, neural interconnectivity, and synapto-
genesis in the visual cortex [47]. In animal studies, inappropriately timed onset of
visual input interferes or competes with other developing sensory systems. Lickliter
manipulated prenatal tactile, visual, and vestibular inputs in quail to determine the
effects of “developmentally” disordered sensory augmentation [84, 85]. Chicks
exposed to patterned light prenatally did not exhibit a preference for their species-
specific maternal call after hatching; and increased tactile or vestibular information
altered perceptual responsiveness in both the visual and auditory systems. Such
findings foster the belief that sensory systems are temporally constrained during
early development [84-86]. Any alterations in timing, amount, or type of sensory
experience profoundly affect perceptual skills. As a result of this theory, dim lighting,
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protection from direct light, and minimal visual stimulation prior to 32 weeks are a
developmental practice standard in the NICU. After 32 weeks, cycled or natural lighting
to promote diurnal rhythmicity is individualized based on infant physiologic
responses and caregiving needs; but the value and impact of early visual “stimula-
tion” with images in NICU infants continue to be uncertain.

Visual attention in infancy is closely linked with cognitive processes and requires
allocation of energy reserves. As such, visual or multimodal sensory demands or
“stimulation” may contribute to physiological compromise. Yet, early visual experi-
ence and exploration are critical for cognitive, motor, and social development. As early
as a few weeks post-term, gaze shifting, focus, and visual following behaviors as
well as “look” durations are measureable indicators of infant attention and interest
[87]; and visual attention is a predictor of later information processing abilities.
Rose et al. report 5-month-old infants (corrected age) born prematurely demonstrate
differences in visual attention [88]. These babies display “more off-task behavior,
longer look durations, and slower visual shift rates” when engaged in visual motor
tasks. These same visuomotor and visuoperceptual skills are needed for eventual
academic success with reading and writing.

Understanding Appropriate Visual Experiences in the NICU

So what types of visual experiences should be encouraged for preterm infants?
First, consider that gestational age alone does not guarantee readiness for visual
experiences or the social reciprocity that accompany them. A medically stable infant
at 36 weeks may demonstrate robust readiness for visual interactions, while a
42-week infant with chronic lung disease still struggles. An infant’s physiological
capability for interaction and state regulation must be monitored. Second, does the
visual information carry social and contextual relevance? The most important
source of visual information for any preterm infant is not high-contrast, simple
images but the maternal face. Programmed for animate and mobile objects, infant
visual attention is drawn to the ever-changing intersensory (visual, auditory, affec-
tive, and social-emotional) canvas a mother provides. Babies already know mom’s
scent and voice prior to “seeing” her. This “knowledge” creates sensory redundancy,
an important mechanism for information processing and consolidation of learning
[86, 89]. Lickliter [86] indicates that selective attention during early infancy is
“biased toward stimulus properties that are common or redundant across sensory
modalities” (Lickliter, 2011, p. 3) and such redundancy guides and shapes perception,
learning, and memory. Experiences that promote sensory redundancy have not been
studied specifically in the preterm human population. But the contrast between the
contingency-based, intersensory uterine environment, provided, modulated, and
contextually wrapped by a mother, and the NICU is apparent.
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The Caregiving Environment/Experience

Protect, Prevent, and Preserve

Caregiving practices are necessary tasks associated with routine baby-related care as
well as medical procedures related to premature birth. Coughlin defines tasks related
to personal care (bathing, eating, dressing, repositioning, toileting) as “age-
appropriate activities of daily living” and emphasizes that such tasks not only meet
basic hygiene and health needs but build social-emotional relationships [15]. Yet for
preterm infants, these same routine caregiving tasks are known to cause pain, disrupt
sleep, and increase physiologic and behavioral signs of stress. Levy and Hassan
(2016) recorded caregiving in the NICU and reported that (1) hands-on care occurred
during 27% of a 4 h observation period, (2) 44% of these contacts were related to
medical cares, (3) cares were initiated across all behavioral states, and (4) in only
half of the observations were infants given sufficient time to complete a full 60 min
sleep-wake cycle [46]. Within 60 s of these hands-on caregiving episodes, infant
hypopnea (16%), apnea (8%), and oxygen desaturation (20%) events were docu-
mented. What can be done to reduce the stress related to caregiving and promote
“age-appropriate” activities of daily living? While it must begin with reading infant
stress and readiness cues, the developmental caregiving environment embraces three
basic premises: protect sleep, prevent pain, and preserve the integrity of fragile,
developing sensory, musculoskeletal, and social-emotional systems.

Care Timing: To or Not to Cluster?

The importance of sleep and the influence of physical environment (space, sound, and
light) upon sleep have been discussed previously. Human caregiving is another factor
to consider in the infant sleep equation. Clustering of necessary cares according to
infant sleep-wake cycles is promoted as a DC method to protect sleep, minimize
stress, and conserve energy through planned infant rest and recovery periods. While
this appears logical and simple, it is not. For very preterm infants, sleep cycles are
indeterminate, and essential cares may be too time dependent to be deferred [42].
For medically stable premature infants, clustered care and protected rest periods in the
NICU are associated with improved weight gain, decreased apnea, and longer periods
of sleep [90]. Yet for infants who are extremely premature or medically fragile, clus-
tered cares may induce too great an energy cost, and the deeper sleep that follows may
actually indicate exhaustion. The argument for individualized caregiving schedules
according to infant stress and readiness cues remains for procedural caregiving that is
not medically urgent.
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Pain Reduction Strategies for Developmental Care

Pain is a largely subjective, individualized experience with both physical and emo-
tional consequences. Without direct biological markers, pain measurement in neo-
nates relies on facial expression or stress-related behavioral and physiological
correlates. Marchant, in a review of evidence regarding neonatal pain, concludes (1)
cortical, subcortical, peripheral, and hormonal elements required for sensation of nox-
ious stimuli and pain are present by 20 weeks of gestation; (2) stereotypical pain-
related hemodynamic, behavioral, and physiologic responses are alleviated in neonates
after administration of analgesics suggesting pain responses are indeed present at an
early age; and (3) exposure to pain in the neonatal period alters neuronal networks
resulting in lasting tactile hypersensitivity (hyperalgesia and allodynia) [92], white
and gray matter loss, and changes in pain-related CNS regions associated with sen-
sory, affective, and cognitive processing [91]. Babies in the NICU are subjected to
approximately 10-15 invasive, painful procedures daily [93]. Frequent procedural
pain, or pain associated with routine cares such as heel sticks or eye examinations, in
combination with stressful social (maternal separation) and physical (handling and
sensory input) environments is known to compromise growth and negatively alter
infant’s developmental, cognitive, affective, and behavioral health [93, 94].

Simple, cost-effective means of procedural pain reduction in the NICU may be
considered maternal-specific such as breastfeeding, or skin-to-skin holding, or may
be administered by any NICU caregiver: facilitated tucking, nonnutritive sucking,
holding/rocking, and oral administration of sucrose [94-96]. Although the evidence
is mixed and more research indicated, a Cochrane review by Riddell and colleagues
concludes that of the studied non-pharmacologic pain management strategies, non-
nutritive sucking, swaddling/facilitated tucking, and rocking/holding yield the stron-
gest evidence as indicated by measures of standardized mean difference between
study groups and controls [94]. These three strategies may be used safely to decrease
pain reactivity and decrease behavioral and physiological indicators of pain in neo-
nates and young infants. Although skin-to-skin holding is associated with lower
scores on the Premature Infant Pain Profile, physiological indicators such as heart rate
were not different between skin-to-skin and other pain-relief strategies. The use of
oral sucrose for analgesia is perhaps the most studied non-pharmacologic pain man-
agement strategy for NICU infants. Stevens et al. (2013) indicated 57 studies with
4730 infants met criteria for inclusion in their Cochrane Review of sucrose [93].
Meta-analysis revealed that compared to controls, infants receiving sucrose had sig-
nificantly lower Premature Infant Pain Profile scores and reduced total crying time
post-heel stick. However, these findings did not carry-over to eye examinations.
Long-term effects of sucrose from repeated administration and among infants born
prior to 27 weeks, of extremely low birthweight, or medically unstable/ventilated are
uncertain, and appropriate dosing for preterms is still debated [92, 97]. Naughton
(2013) in an integrative review of the synergistic effects of sucrose and nonnutritive
sucking concludes the combination is safe and effective and provides clinically
significant relief from procedural pain in preterm neonates [97].
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Positioning for Energy Conservation and Stress Reduction

Recreation of a flexed, contained fetal position for the NICU infant promotes
physiological stability, preserves energy for growth, and provides increased oppor-
tunities for motor-based coping behaviors in an environment biased by gravity.
Babies born preterm miss the last trimester of contained “exercise” within the intra-
uterine environment. Lacking intrauterine-induced flexor bias and adequate muscle
power, the preterm infant presents with a gravity-dependent, “flattened” posture:
external rotation and abduction of the hips, external rotation and retraction of the
shoulders, flattened spinal and pelvic alignment, and forced lateral rotation of the
head and neck [15]. These postures, in combination with prematurity-related mus-
cle weakness, interfere with infant-initiated, active mobility impacting flexion
attempts, midline orientation of limbs and head, and hand-to-mouth “coping”
behaviors [98]. In the early hours after birth, infant head position is a primary
concern as extreme lateral rotation is associated with changes in cerebral hemody-
namics in babies born prior to 32 weeks of gestation.

Postural alignment and support in the NICU is provided by a variety of “posi-
tioning aids” which are as complicated as fluid-filled, moldable cushions or as simple
as a rolled up blanket. When and how to use these devices depends upon infant
behavioral and physiological responses as well as medical acuity. A healthy 34-week
infant who is thermally regulated, growing well, able to get hands to mouth for self-
soothing, and physiologically stable during position changes or cares may not need
postural supports. In fact, encouraging active movement is important for exploration,
communicating with caregivers, and promoting development of strength/mobility.
However, a 38-week infant with significant lung disease, who struggles with work
of breathing and physiological compromise during cares, benefits from the energy
conservation that postural supports provide. “Individualized” positioning is key.

Unsupported supine positioning may cause increased energy expenditure and physiologic compro-
mise. This infant, at 30 weeks of gestation is nestled in a gel cushion on the left. Note her loosely
extended legs, her difficulty with midline head orientation, and her inability to get her hands near
her face for self-soothing. On the right, when swaddled in a nesting device, her head is at midline,
her arms contained near her face, and her legs maintained in flexion. This assisted containment
reduces energy expenditure and promotes self-regulation
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Prone Positioning: The Pros and Cons

Among the core developmental care constructs originating with Als’ NIDCAP model
are the importance of (1) midline, flexed positioning in all postures to promote
coping behaviors and physiological stability and (2) positioning to decrease stress,
conserve energy, and improve sleep and cardiorespiratory function [38]. Grenier
et al. retrospectively reviewed videotapes of 15 NICU infants with a mean age of
32 weeks of gestation to evaluate which infant resting positions were associated
with motor-based stress or self-regulatory behaviors [99]. Their findings, based on
a lower ratio of motor-based self-regulatory to stress behavior cues, suggest that
stable, preterm infants placed in prone (nested or un-nested) and side-lying nested
positions are less stressed and more capable of self-regulatory strategies than when
in other positions [99]. Babies in prone actually demonstrated fewer self-regulatory
attempts which the authors interpret as decreased overall stress reducing the need
for self-regulation, a finding that supports the energy conservation advantages of
prone. Prone positioning with preterm, hospitalized infants is associated with
reduced salivary cortisol levels, decreased energy expenditure, improved Brazelton
sleep scores, improved chest wall synchrony during respiration, increased time in
quiet sleep, and decreased time in wakeful states [98, 100, 101], all factors associ-
ated with reduced stress and improved growth parameters. Gilles, Wells, and
Bhandari, in a 2012 Cochrane review of 24 studies examining the value of position-
ing for acute respiratory distress in a total of 581 hospitalized infants, of which 60%
were preterm and 70% ventilated, conclude that (1) blood oxygenation levels are
slightly higher (2% increase) prone as compared to supine; (2) on average, respira-
tory rate is four breaths/minute lower in prone; and (3) no adverse effects of prone
position were identified [102]. However, the authors include a warning statement:
“It is important to remember that these children were hospitalized. Therefore, given
the association of the prone position with sudden infant death syndrome (SIDS), the
prone position should NOT be used for children unless they are in hospital and their
breathing is constantly monitored” (Gillies et al., 2012, p. 2).

Balancing the advantages of prone positioning with modeling of safe sleep prac-
tice remains a controversial issue for NICU developmental practice. Preterm and
low birthweight babies are at a higher risk for sudden infant death syndrome (SIDS);
yet, upon discharge from the NICU, they are more likely to be placed in non-supine
sleep positions than term infants [103, 104]. To allow infants to become accustomed
to back sleeping and to model safe sleeping practices for families prior to discharge,
the American Academy of Pediatrics recommends that infants be placed supine as
early as 32 weeks of gestational age. As recently as 2010, a random crib audit in a
large tertiary care NICU revealed only 39% of infants over 32 weeks of gestational
age were placed supine for sleep, and only 23% of parents surveyed post-discharge
reported full compliance with safe sleep practices [103]. Gelfer and colleagues
developed an algorithm to assist with problem-solving timing of supine sleeping
practices with NICU infants. In their clinical decision-making framework, infant
weight (> 1500 g), medical factors, respiratory status, crib environment, and antici-
pated discharge date are factors for consideration.
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Positioning for Musculoskeletal Integrity/Mobility

Positioning to preserve integrity of a rapidly developing, plastic musculoskeletal
system is another focus of developmental caregiving. Differentiation of muscle tis-
sue type, formation of articular structures, and change in active and passive muscu-
lar capacity are driven by intrinsic muscular activity and external forces during fetal
and early infant development [98]. For babies born early, gravitational force and a
flat extrauterine caregiving environment combined with the infant’s weak, immature
musculature markedly inhibits spontaneous activity. These factors are attenuated by
the increased amount of extrauterine time between birth and onset of adequate anti-
gravity muscle control (i.e., a baby born at 39 weeks develops adequate extrauterine
head and limb control for a variety of antigravity movements within 3—-6 weeks; a
baby born at 32 weeks of gestation will be exposed to gravitational forces and
dependent resting postures for twice as long before this same control develops).
Without attention to varied, supportive resting positions, deformational forces on
the premature infant’s spine, skull, and extremities, as well as imbalances in devel-
oping muscle groups, result [105, 106]. Historically, preterm birth is associated with
an increased risk for muscle tightness in neck extension, shoulder adduction/retrac-
tion, hip external rotation/abduction, and ankle eversion. All of these factors are
thought to impact early eye-hand coordination and mobility skills [105, 106].
Anecdotal evidence suggests that changes in respiratory care and positioning prac-
tices appear to have reduced these postural risks. But, plagiocephaly and scapho-
cephaly remain of concern for premature babies. At term equivalent age, prevalence
of deformational plagiocephaly is reported to be as high as 38% and scaphocephaly
as high as 73% in very preterm infants [107]. Throughout an infant’s hospitaliza-
tion, diligent repositioning, kangaroo care, tummy time, and a variety of resting
head and holding positions are key for preventing skull deformities. Babies’ skulls
change rapidly, growing as much as 0.79 cm in a day [20]. Even a 24 h period of
inattention to resting position during a growth spurt may detrimentally influence
head shape with an infant too weak to actively turn their head (Fig. 6).

Sweeney and Gutierrez detail best-practice guidelines for postural support and
musculoskeletal development in the NICU. They emphasize (1) varied positions,
prone, supine, supported upright, and side-lying on either side, for varying gravita-
tional forces and resulting muscle activity patterns; (2) support of the head and
trunk in neutral or slight flexion when supine or side-lying, alternating head turn,
and degree of turn when prone; (3) containment of upper extremities to prevent
shoulder retraction and orient arms/hands toward body/face and midline; and (4)
flexion of lower extremities with neutral hip rotation/abduction [105]. Nesting sup-
ports and swaddling are methods of “containment” routinely used to accomplish
these goals. Swaddling, or wrapping an infant in such a way that limbs are sup-
ported within a blanket and hands are close to face/mouth, promotes self-regulation,
improves sleep, and conserves energy for focused activities such as feeding or social
interaction [106].

While limb containment for energy conservation and musculoskeletal alignment
is a recommended practice, complete immobilization is not. When awake and
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Fig. 6 Ifflaender et al. (2013) demonstrated that risk of plagiocephaly and scaphocephaly,
respectively quantified by measures of cranial vault asymmetry (CVAI) and cranial index (CI),
is directly related to degree of prematurity. CI is a ratio calculated by dividing the medial-lat-
eral cranial width in mm by anterior-posterior skull width and multiplying by 100 (ML/
AP x 100); CVAI is a ratio calculated by dividing the measures obtained from diagonal lines
bisecting the skull 30 degrees from midline (IDiagonal A—Diagonal B x 100 + Diagonal A or B
(whichever is longer)). For more information regarding plagiocephaly measurement and sever-
ity classification, see https://pediatricapta.org/special-interest-groups/HB/ORTH_961942_
PlagiocephalyScale_BWInfo.pdf

physically able, all babies need opportunities to spontaneously stretch, kick, and
move to gain strength as well as perceptual awareness of body in space. In utero,
babies demonstrate active exploration of their own body and the uterine environ-
ment through movement. They breathe, step, turn somersaults, bring their hands to
their face, suck their fingers, reach for and grasp the umbilical cord, and demon-
strate complex facial expressions. This spontaneous exploratory movement, though
seemingly random, allows the infant to discover new tasks and solutions, laying the
foundation for learning [89]. Preterm infants miss this period of prolonged practice
in a contained environment which may impact not only physical strength and motor
skills but cognitive development. Heathcock et al., using a mobile kicking paradigm
to quantify associative learning and memory, demonstrated that 3-month-old infants
born prior to 33 weeks of gestation did not learn the contingency between their own
kicking and mobile movements during a 6-week intervention period [108]. In con-
trast, term infants demonstrate learning and memory within a single intervention
session. Such findings demonstrate that subtle but significant prematurity-related
learning impairments associated with movement are present at a very early age.
Passive movements, or range of motion exercises, for preventing osteopenia
related to inactivity have been investigated in the premature population [109, 110].
Schulzke et al. reviewed “physical activity” findings from 8 small clinical trials
including 214 infants between 26 and 34 weeks of age [110]. Physical activity
groups receiving range of motion exercises and joint compression/loading were
compared to controls receiving holding or tactile stimulation. While moderate short-
term effects on bone mineralization upon program completion did not persist at
12 months of adjusted age, small positive effects on daily weight gain and linear
growth were reported in the physical activity group. Yet long-term benefits and risks
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could not be evaluated due to methodological limitations and failure to include
infants who were at high baseline risk of osteopenia. The authors conclude that
“current evidence does not support the routine use of physical activity programs in
preterm infants” [110]. In fact, preterm infants are vulnerable to musculoskeletal
injury from passive movement or joint stresses. Weakness, ligamentous laxity, and
increased malleability of connective tissue prior to term increase the risk of joint
effusion, subluxation, or fracture from improperly applied forces [105, 106]. Passive
movements of premature infants are not recommended. Instead, active, antigravity
infant movement should be encouraged in a variety of positions during holding or
daily cares.

Beyond Positioning: Should “Stimulation” Be Provided?

The fluid-filled intrauterine environment is rich with intersensory stimuli: proprio-
ceptive, vestibular, tactile, gustatory, and auditory. Without this input, does the
premature infant in the NICU benefit from enriched sensory experiences or stimula-
tion? It depends on who provides the information, what type and intensity is pro-
vided, and most importantly how the infant responds physiologically and
behaviorally. Random, unpredictable inputs by unfamiliar individuals carry no con-
tingency or structured social predictability from which infants learn. Yet these same
sensory experiences, provided during meaningful caregiving interactions with
trusted social partners, typically Mother, may increase infant alertness and state
control. The goal is not to enhance sensory inputs but to build social reciprocity and
attachment. The Hospital to Home: Optimizing Infant’s Environment (H-Hope)
studies compared immediate and 6-week adjusted age outcomes between two
maternal-infant cohorts: one receiving a standard education program and the other
a twice daily, maternally administered sensory program commencing at 32 weeks of
gestational age [111, 112]. The infant-directed sensory program, modulated accord-
ing to infant behavioral cues, incorporated 10 min of Auditory input with “moth-
erese,” Tactile input with stroking or massage, and eye to eye maternal-infant Visual
interaction, followed by 5 min of horizontal rocking or Vestibular input (ATVV).
NICU infants receiving the ATVV program exhibited increased alertness, more
rapid progression from gavage to complete oral feedings, better weight gain, and
earlier hospital discharge [112, 113]. At 6 weeks of adjusted age, maternal-infant
dyads from the ATVV group demonstrated higher mutual responsiveness; and
infants demonstrated higher clarity of cues [112]. Although such findings early in
development may be associated with improved social, communication, and literacy
skills, generalizability from this particular study is limited as only dyads with two
social risk factors were included and all participants were either African American
or Latina. The Mother-Infant Transaction Program (MITP) combined parent
training for reading infant cues with a 9-week NICU program of enhanced sensory
input: touch, movement, massage, and KMC [114, 115]. Videotaped maternal-
infant interactions at term equivalent age revealed MITP mothers demonstrated
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more positive affect, scored higher maternal-infant synchrony indices, and responded
more appropriately to infant cues. Infants of these mothers exhibited fewer stress
cues and gained weight more rapidly than control infants. Follow-up at 6 months
of age displayed differences in infant communication scores favoring MITP. Long-
term follow-up of cognitive outcomes has been mixed [114]. The role and effects of
enhanced sensory input for hospitalized NICU infants remain unclear. Graven and
colleagues, whose research has focused on the physical and developmental environ-
ment of the at-risk infant, have developed guidelines for regulation of sensory stim-
ulation in the NICU [43, 47] (for more information regarding the highly respected,
annual Graven’s conference, visit www.cme.hsc.usf.edu).

Infant Massage in the NICU

An ancient parenting practice embraced by many eastern cultures to promote infant
well-being, massage in the NICU is an interventional strategy proposed for reduc-
ing infant stress and improving physiologic regulation [116-118]. A range of pre-
scriptive protocols and credentialing programs exist. All include some type of tactile
input ranging from prescriptive, systematic stroking with or without kinesthetic
input to light, comforting touch. In the preterm infant, positive touch is espoused for
wide-ranging health benefits. Proponents cite improved circulation, bone density,
and gut motility, reduction in biomarkers associated with stress such as cortisol, and
increased secretion of hormones necessary for growth, immune, and gastrointestinal
function [119, 120]. Yet little evidence to support these claims exists. Badr et al.
[118], in a 2015 meta-analysis of preterm infant massage, reviewed 34 studies, 30
of which were randomized, controlled trials. These studies, spanning four conti-
nents, examined a variety of outcome variables including neurodevelopmental indi-
ces, length of infant stay, mother and infant behaviors, breastfeeding rates, pain,
caloric intake, and measures of infant physiologic well-being. The strongest finding
based on aggregate analysis was that massaged infants demonstrated “modest” but
statistically significant improvements in daily weight gain (13 studies included).
Results from four studies suggested statistically higher scores on the Bayley Scales
Mental Developmental Index (7.89 points), but age of testing varied. Despite indi-
vidual studies reporting beneficial effects or “positive trends” between massaged
infants and specific outcome variables mentioned above, none of these findings
reached statistical significance with meta-analysis as a result of moderate to high
study heterogeneity, poor methodologic quality, and high risk of bias. Overall, evi-
dence supporting use of massage to benefit preterm infant physiologic function,
stress reduction, or positive neurodevelopmental outcomes is weak [116-118].
However, when massage is delivered by the mother and an infant’s physiologic
responses are closely monitored, maternal-infant attachment, responsivity, and
early interactional capabilities may be strengthened. These potential effects have
yet to be investigated.
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Developmentally Supportive Feeding (contributed by Deb Egan,
RN, BSN)

Full oral feeding is the most complex and challenging skill the NICU infant must
master before discharge home [121-123]. Transition from enteral tube to oral feed-
ing for infants born preterm is not as simple as a neuro-maturational or specific
age-delineated milestone. Individual infant differences in muscle strength and tone,
state regulation, endurance, and suck-swallow-breathe coordination determine
“readiness” and safety for oral feeds [123]. Feeding difficulty, which may be defined
as oral-motor compromise or inadequate oral intake for growth, is the most com-
mon reason for prolonged NICU hospitalization; and these difficulties often persist
well beyond discharge. The incidence of post-NICU feeding problems ranges from
19 to 80% with the highest risk among babies born before 28 weeks or less than
1000 g [121]. In a recent observational cohort of 378 Dutch infants born between 24
and 36 weeks of gestation, Hoogewerf et al. reported an overall 20% incidence of
parent-reported infant feeding difficulties 1-2 years post-NICU care with the
Montreal Children’s Hospital Feeding Scale [124]. Such feeding difficulties may
include feeding refusals, prolonged feeding times, poor acceptance of textures,
coughing/gagging or choking, and/or poor chewing abilities [121]. For infants born
greater than 32 weeks of gestation, prolonged tube feedings (greater than 30 days)
are associated with feeding concerns post-NICU discharge and for infants less than
32 weeks, lower birthweight or SGA [122].

Extremely preterm, low birthweight, or medically complex infants bring the most
medical and/or developmental comorbidities to the feeding task [121]. Considering
these fragile infants begin oral feeding when their physiology, anatomy, and central
nervous system are still immature, the task must be approached cautiously and indi-
vidualized to the infant’s neurodevelopmental capabilities. Cue-based, infant-led, or
co-regulated feeding practices are considered more developmentally supportive and
less likely to precipitate adverse feeding outcomes than volume- or schedule-driven
feeding [125]. Watson, in a 2016 Cochrane review, reported low level evidence that
responsive feeding practices lead to slower weight gain in premature infants but
reduced transition time from enteral tube to oral feeds [125]. As both infant expres-
sion and caregiver interpretation of infant cues (neurobehavioral, readiness, and hun-
ger) are critical to feeding success, developmental practices that maximize parental
interaction are an essential component of feeding progression. The infant must show
a desire to eat or “cue” by awakening, alerting, or demonstrating motor signs of
hunger (stirring, hand-to-mouth, rooting behaviors) for feeding engagement and
then must maintain an alert state as well as sustain motor competence (strength,
endurance, suck-swallow-breathe coordination) to complete adequate oral intake
for growth [121, 125]. This “co-regulated” dynamic is challenging in the NICU
caregiving environment.

Experiences before starting oral feeds may also impact feeding outcomes. If an
infant has repeated negative oral experiences, he may resist eating by refusing to
open his mouth, refusing to suck/swallow, or even gagging with any oral stimulus.
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Multiple intubations, long-term feeding tube use, gastroesophageal reflux, or thrush
also may interfere with a baby’s desire to eat. Alterations in central nervous system
development as a result of chronic desaturations, intraventricular hemorrhage, or
congenital anomalies impact immediate and long-term feeding success. If the baby
has a cleft or groove in the palate or lip, compression and suction of the nipple are
reduced. If the fluid bolus is too large, the infant runs the risk of aspiration or micro
aspiration, which may cause coughing, gagging, or chronic respiratory problems.
The infant with bronchopulmonary dysplasia struggles to coordinate suck/swallow/
breathe and may avoid feeding altogether because the physiological need to breathe
exceeds the drive to eat. If feeding is difficult, tiring, or uncomfortable, an infant
may choose to minimize intake and, when transition to solids is expected develop-
mentally, may resist or even avoid textured food.

Like any complex developmental milestone, learning to feed orally takes prac-
tice. In utero, the baby has months of swallowing and sucking experience before the
actual need to coordinate suck-swallow-breathe for nutritional intake. The term
infant practices swallowing colostrum, a thicker fluid, at the breast for several days
before breastmilk “comes in”” and breastfeeding commences. When an infant is born
early, or is ill at birth, the natural progression is interrupted and practice delayed.
Nonnutritive sucking (NNS) during NICU tube feedings is an opportunity to prac-
tice and strengthen premature infant sucking. Meta-analysis of existing evidence by
Foster and colleagues suggests that NNS decreases length of transition between
gavage to full oral feeds and between start of oral feeds to full feeds and decreases
overall length of NICU stay [126].

36-week-old infant in side-lying and using a low flow nipple. Transition to oral feeding is a com-
plex process that must be guided by infant neurobehavioral and developmental “readiness”
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Interventions in the NICU that may scaffold feeding success are firmly grounded

in developmental care constructs. These include:

1.

Reduce stress. Infants in the NICU experience many repetitive negative or
stressful experiences. Mitigating pain or stress with developmental or pharma-
cological support is important, and utilizing parents for alleviation of pain or
stress is ideal.

Maximize relationships. Feeding is a social, relationship-based activity. An
infant needs consistent auditory, proprioceptive, and tactile input during routine
caregiving interactions such as feeding to build trust and attachment. This rein-
forces social reciprocity and communication as much as feeding behaviors.
Infants in the NICU have multiple caregivers, so maximizing family involvement
is crucial for building relationships.

. Support breastfeeding. From a nutritional standpoint, research overwhelm-

ingly establishes breastmilk as optimal, but so is the act of breastfeeding
[127].0ne major reason for this is because breastfeeding optimizes the infant’s
developmental environment through close proximity to the mother. When
bottles are introduced, mothers do not “need” to be at the bedside as others
can feed the baby. The result of maternal-infant separation is that preterm
infants may be less likely to breastfeed after discharge from the NICU. There
is also a common misconception that bottle feeding hastens discharge. Though
milk transfer may take longer to achieve, the breast is a safer place to learn to
eat for the premature baby. This is because the breast stops flowing when baby
stops sucking, making breathing easier and safer. The artificial nipple contin-
ues to flow even when the baby pauses to breathe, making aspiration more
likely.

Respect infant “cues.” As discussed in the neurobehavioral section of this
chapter, infants communicate clearly through their state, attention, autonomic,
and motor behaviors. It is important to attend to and respect these cues before,
during, and after oral feeding.

. If using bottles, initiate feeds with low flow nipples. Excess flow increases risk

of aspiration. Other important considerations for nipple choice include bottle
venting, nipple firmness, temperature of the milk, bottle angle during feeding,
and feeding position. Each of these variables must be individualized to promote
a given infant’s success.

Empower parents to be primary NICU caregivers. Although every family
situation is different, individualizing the infant’s feeding plan from the begin-
ning to maximize family involvement increases the likelihood of feeding
success.

. Utilize the developmental support staff. Lactation, speech pathology, OT, and PT

further enhance opportunities to scaffold feeding behaviors for both the parent
and the infant in the NICU setting.
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Family-Centered Care

Prematurity and Its Impact Upon Parents

For parents of premature infants, the unexpected timing of birth and stressful NICU
hospitalization markedly increases the risk of depression, anxiety, and post-traumatic
stress symptoms. Morey indicates 87% of mothers who give birth prematurely report
increased arousal, avoidance, and “reexperiencing” of traumatic NICU events [128].
Adverse parenting outcomes associated with preterm birth include poor parental men-
tal health, dysfunctional parenting, and negative parent-infant interactions which per-
sist well beyond NICU discharge into early school years [128-130]. Parental
confidence is profoundly shaken by the preterm birth experience. Early high-quality
parent-infant interactions positively influence both cognitive and social infant devel-
opment [131, 132]. High parenting efficacy, defined as the self-perceived capability to
execute and organize tasks related to child care, is known to buffer adverse develop-
mental effects associated with stress, depression, or compromised child development
[133-135]. Parenting self-efficacy rating scales reflect actual long-term parenting
competency and subsequently a parent’s ability to provide a nurturing, healthy envi-
ronment [134, 135]. Parents of preterm infants tend to score lower on self-efficacy
rating scales, and these scores do not increase over time or with experience. While
increased stress and anxiety contribute to parental self-efficacy concerns, a premature
infant’s temperament also plays a role. Premature infants are less likely to seek social
interaction, are harder to read with regard to social cues, and demonstrate greater
irritability and inconsolability and less positive emotional response [132].

Family-Centered Intervention Programs in the NICU

Infant-family relationships lay the foundation for social, emotional, and develop-
mental well-being. Spittle et al., in their Cochrane review of early intervention pro-
grams for premature infants, state that interventions which “focus on parent-infant
relationships have a greater impact on cognitive outcomes at infant and pre-school
ages than interventions that focus on infant development or parent support alone”
[136]. Creating Opportunities for Parent Empowerment (COPE), a NICU parental
educational program that begins within a week of admission and offers family
support up to 6 months following discharge demonstrated decreased infant hospital
stays, decreased parental stress levels, and increased parenting self-efficacy as mea-
sured by development of critical parenting skills [129, 135]. The Family Nurture
Intervention studies, which focus on building positive parent-infant interaction dur-
ing hospitalization, evaluated cognitive, language, and motor infant outcomes at
18 months of corrected age [137]. Findings from parent-focused programs such as
these indicate significantly increased cognitive and language scores. Clearly, foster-
ing early family engagement is critical for promoting positive infant immediate and
long-term outcomes.
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Power of Parental Presence: Dual Benefits

Parental presence in the NICU when infants are smallest and sickest is strongly
associated with better infant regulation, attention, and physiologic stability, attri-
butes favorable for early learning [57, 138, 139]. For example, during kangaroo
mother care, babies demonstrate better heart rate stability, increased alertness/
attention, and improved patterns of deep sleep, all indicators of reduced stress and
improved state regulation [140—142]. Mothers who provide kangaroo mother care
or infant massage demonstrate less depressive symptoms, more attachment
behaviors, and shorter latencies to joint attention with their infants [140-142].
Hence, maternal-infant engagement has a positive impact upon maternal well-
being and infant learning/receptiveness. Caskey et al. reports preterm infants fed
by parents instead of nursing staff exhibit greater infant social interactivity and
vocalization [60]. Holditch-Davis theorizes any interventions’ potential for sus-
tained developmental impact depends upon dynamic, symbiotic parent-infant
dyad change [113].

Compared with term peers, babies born prematurely have six times the odds of
experiencing disorganized attachment at 36 months of age after controlling for SES
and medical risk factors. This increases the risk for later psychopathology, neurode-
velopmental problems, and affective disturbances [30]. For premature infants,
parental proximity that fosters attachment is disrupted by infant medical fragility,
the NICU environment, altered parental roles in the NICU, negative emotional
responses to preterm birth, and prolonged physical separation [143]. Family-
centered care in the NICU recognizes the infant develops within the context of fam-
ily relationships, and these relationships must be protected and strengthened
throughout hospitalization. The American Academy of Pediatrics redefined Patient
and Family-Centered Care in 2012 stating that family collaboration is critical for
clinical decision-making, parents are integral partners in health care, and families
should be present and participatory in all aspects of care [144] (Fig. 7).

When planning and delivering health care services, honor racial, ethnic, cultural, socioeconomic and
family experiences/preferences. Listen to and respect each child/family.

Ensure flexibility in organizational policies, procedures and provider practices in order to facilitate
choice and tailor services according to the needs, beliefs and cultural values of each child/ family.
Complete, honest and unbiased information should be shared with patients and families so they might
effectively participate in decision-making at the level that they choose. Cultural and linguistic diversity
should be considered when sharing health literacy information.

Provide and ensure formal and informal for the child and family at every stage of the child’s life.
Collaborate with patients and families at all levels of health care: in the delivery of care, in
professional education, policy making, program development, implementation and evaluation, in
health care facility design. Include patients/families in advisory councils, committees, task forces,
research, and quality improvement initiatives as leaders or co-leaders.

Recognize and build on the individual strengths of children and families. Empower them to discover
their own strengths, to build confidence and participate in choices and decisions about healthcare.

Fig.7 Six core constructs that guide patient- and family-centered care as defined by the American
Academy of Pediatrics (2012) [144]
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European countries are embracing the concept of “couplet care,” or admission of
the family unit for the entire length of infant stay, as the next generation of family-
centered care [19]. Such practices in the USA are limited by nursery design and
governmental family leave policies.

Kangaroo Mother Care

Kangaroo mother care facilitates infant temperature and physiologic regulation, reduces energy
expenditure, promotes growth, and improves sleep. Though typically associated with holding by

mothers, fathers, too, play an important role with this skin-to-skin bonding experience in the NICU

The optimal healing environment for any infant is his mother. She provides physi-
ological modulation, co-regulation of state and behavior, social-emotional support,
and ideal, developmentally appropriate sensorimotor experiences, conditions which
cannot be reconstructed in the NICU setting. Skin-to-skin, kangaroo mother care
(KMC) accomplishes all these goals in one simple act. Kangarooed babies sleep
better, exhibit fewer stress cues, and demonstrate better physiologic regulation and
attention and fewer apnea/bradycardia episodes [12, 73]. When lying on the moth-
er’s chest, the infant has optimal developmental exposure to maternal language as
well as rich intersensory and sensorimotor experiences. Frequency of parent visita-
tion is associated with increased episodes of kangaroo care, improved breastfeeding
rates, decreased length of hospitalization, and improved maternal mental health
[73]. Overall, KMC is the “gold” developmental care standard improving both
immediate and long-term health outcomes in preterm infants [139].
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Originally developed as an “alternative approach” to traditional medical care and
used primarily in “low-income” facilities with limited resources, KMC originated as
a comprehensive care measure in the 1970s in Columbia [142, 145, 146]. An approx-
imate 40% drop in Columbian infant mortality rates resulted [141]. Well-designed
studies of skin-to-skin mother care demonstrate that babies as young as 28 weeks of
gestation maintain thermoregulation; have fewer apnea/bradycardia episodes; dem-
onstrate lower respiratory rates, stress hormone levels, and behavioral pain indica-
tors; and sleep more deeply with KMC than those in incubators [140, 142, 146].
These same studies find no greater incidence of infection [146, 147]. In fact, it is
hypothesized that exposure to natural maternal flora strengthens a baby’s immune
system [147]. Bounds et al., in a 2016 meta-analysis of 124 international KMC
studies, summarize key outcomes in low birthweight, preterm infants linked to
KMC: (1) 36% lower mortality; (2) decreased risk of neonatal sepsis, hypothermia,
hypoglycemia, and hospital readmission; and (3) increased exclusive breastfeeding
upon discharge [148]. KMC also increases measures of maternal attachment and
responsiveness, decreases maternal depression indices, and increases self-reported
measures of parenting competency, all important predictors for improved long-term
infant developmental outcomes. With regard to international standards, the First
European and Seventh International Workshop on Kangaroo Mother Care (2010)
adopted this position statement: “Kangaroo Mother Care should begin as soon as
possible after birth, be applied as continuous skin-to-skin contact to the extent that
this is possible and appropriate and continue for as long as appropriate” [141].

Despite international recognition of KMC benefits, teasing out which outcome
factors are purely related to skin-to-skin holding is difficult. Implementation of this
practice, and how it is specifically defined, is still inconsistent in western, techno-
logically advanced settings [149]. KMC practice limitations based on infant medi-
cal acuity vary and may be unrelated to developmental stage and/or gestational age
of the infant. Instead, individualized indices of infant medical stability must be con-
sidered, family-readiness respected, and infant physiological cost-benefit related to
transfer/positioning weighed. While definitive guidelines and high-quality evidence
are still needed, KMC is considered safe and efficacious. In general, KMC should
be individualized according to infant-family needs and expectations, offered and
encouraged as an option for all families, initiated within the first week of life if the
infant/family is medically able, and considered valuable regardless of dose or
frequency.

Developmental Approaches

“Developmental approaches” combine specific elements of developmental care into
standardized practice protocols. Regardless of the protocol, such approaches share
common themes which are grounded in Als’ synactive theories: reading infant cues,
minimizing stress, modifying the environment, engaging parents, and providing
developmentally appropriate sensory and learning experiences. Various authors/
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entrepreneurs “wrap” best-practice NICU constructs into trademarked “packages”
which, unfortunately, may be linked to “financial gain.” The Neonatal Individualized
Developmental Care and Assessment Program (NIDCAP) set the standard for
developmental care. It is the most extensively studied and internationally promoted
NICU developmental approach. Because Als, the founder of NIDCAP, laid the
theoretical foundation for developmental care and because most other “approaches”
borrow heavily from her tenets, this section will focus on NIDCAP.

NIDCAP Federation International, a nonprofit, incorporated, and international
professional membership organization, bears responsibility for quality NIDCAP
developmental care training and education [150]. While the primary focus is on
naturalistic observation of infant behaviors and how this information can guide indi-
vidualized care, the program mandates “all or nothing,” system-wide policy, and
practice implementation to achieve status as a credentialed site [36, 150-152].
Seven key components, phased in over a 5—7-year period, are required: (1) two
trained and NIDCAP-certified professionals from two different disciplines, (2) two
full-time equivalent salaried positions dedicated for these certified individuals, (3) a
NIDCAP-trained and NIDCAP-certified multidisciplinary leadership support team,
(4) a core group of NIDCAP-trained and NIDCAP-certified nursing staff from all
shifts, (5) a parent council, (6) reliable and regular continuing education supporting
NIDCAP efforts, and (7) development and administration of a NIDCAP Nursery
Certification Program which oversees ongoing recertification processes [150-152].
Each NIDCAP-certified professional completes a mandatory 12-month training
program for competency with the Assessment of Preterm Infant Behavior (APIB).
The APIB is systematically used every 7-10 days to evaluate each NICU infant’s
behavior before, during, and after routine cares. Assessment results guide recommen-
dations for individualized environmental modifications, positioning, and sensory
experiences. The financial investment in this process, both in time and monetary
resources, is substantial and often a limiting factor.

For institutions to invest in this practice and certification effort, solid, irrefutable
evidence of its superiority to any other caregiving approach is necessary. Individual
studies, many from invested stakeholders in the movement, report shortened length
of stay, improved weight gain, and enhanced neurobehavioral and developmental
outcomes that persist through early childhood [150]. Yet authors who have reviewed
and analyzed the body of existing evidence argue that these studies are of mixed
methodological quality as a result of small sample sizes, low statistical power, high
drop-out rates, high risk of contamination or crossover bias, and compromised
internal validity. Symington, in a Cochrane review of general developmental care
trials, many of which were termed NIDCAP, reported mixed evidence for NIDCAP
as follows: limited evidence of long-term, positive effects on behavior and move-
ment, no evidence of effect on cognition, statistically significant effect on reduced
incidence and severity of lung disease, no effect on feeding and growth parameters,
and a positive effect on hospitalization cost [32]. Wallin’s systematic review of
NIDCAP acknowledged similar findings but concluded that solid scientific evidence
was limited [36]. The most recent meta-analysis by Ohlsson and Jacobs reports on
11 primary and 7 secondary NIDCAP studies of which 2 were high quality [153].
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They state there were no statistically significant differences between NIDCAP
and control groups for either short-term medical or long-term neurodevelopmental
outcomes. While the value of developmentally supportive care and the tremendous
influence of Als and NIDCAP is widely acknowledged and embraced, the need for
credentialing remains in question. Until evidence is clearly established, the packaging
of specific care elements, the dosing/frequency of those elements, and the standardized
manner of application may be less important than the culture shift toward family-
centered, individualized, and age-appropriate, developmentally supportive care.

Developmental Testing in the NICU: Is It of Value?

Developmental assessments in the NICU may be used for a variety of reasons: (1)
determining individual infant neurobehavioral strengths and vulnerabilities; (2)
educating families regarding infant neurobehavioral characteristics or developmen-
tal status; (3) determining behavioral, functional, or neuromotor status of the infant;
(4) assessing specific interactional or functional skills; (5) understanding infant
development at a given time point or progress over time; and (6) determining the
immediate need for or response to intervention [154]. The goals of assessment and
physiological status of the infant typically predicate the choice of testing tool.
However, clinical utility of the test is also a factor. Cost of testing materials, time to
administer, training or certification requirements, and psychometric soundness
(reliability, validity, sensitivity, and specificity) are important to consider. The
majority of NICU developmental or motor tests require physical handling and/or
position changes to quantify infant responses. Accordingly, cost/benefit of testing
must be weighed relative to an infant’s physiological tolerance. Infant response during
testing, too, must be carefully monitored and adjusted according to infant neurobe-
havioral cues. Figure 8§ summarizes the most common tests and measures used in
the NICU for neurobehavioral or neuromotor assessment.

For fragile infants, observational, hands-off tools of spontaneous behaviors such
as the assessment of preterm infant behavior may be used to understand infant
response to environmental inputs/stressors or Prechtl’s general movement assess-
ment to examine neurologic integrity as a function of motor activity. For near-term,
medically stable infants, tests that incorporate changes of position or movement
through space like the Test of Infant Motor Performance are appropriate to determine
developmental status or identify need for referral to community-based intervention
programs. Many of these neonatal/early infancy tests place a heavy emphasis on
tone, reflexes, and stimulus-response handling relationships: outdated constructs
with regard to developmental outcomes. This type of “neuro-maturational” infor-
mation, though perhaps relevant for assessment of current neurological status, cor-
relates poorly with motor learning capabilities and acquisition of functional
movement. Other limitations of existing tests include (1) most lack normative data
from preterm samples which limits interpretation of results and (2), with the exception
of the TIMP and GMA, most lack strong psychometric testing [154]. The majority
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Fig. 8 A summary of developmental, neurobehavioral, or related tests and measures for NICU

S. Willett

Name of Test

Purpose

Subscales or
Categories of
Assessment

Age ranges for
administration

Strengths/ Limitations

Assessment of

Discriminative;

Self-regulatory

28 to 48 weeks

Naturalistic observation,

Preterm Infant Assesses behavior, state, gestational age | identifies infant cues,
Behavior Neurobehavioral | reflexes, strengths/vulnerabilities and
(APIB)ZS' 154,156 function or threshold of educates families; lengthy to
www.nidcap.org | behavioral disorganization administer (30-60 minutes);
organization of (tactile and extensive training required for
preterm infant vestibular administration and scoring.
demands)
Neonatal Discriminative Behavioral 36 weeks to 2 Identifies infant cues, educates
Behavioral and predictive; responses and months PMA. families regarding infant
Assessment Assesses infant reflexes; infant strengths/vulnerabilities.
Scale (NBAS)“’ neurobehavioral | responsiveness, Flexible administration, may be
7 function, motor tone and incorporated into daily routines.
www.brazelton- | identifies areas activity, state, Requires training/certification.
institute.com of infant self-regulation,
strength/ deficit; | interactive
builds capabilities;
relationship examiner support
between infant necessary for
and caregivers infant stability.
NICU Network Discriminative; Passive/active 30 - 46 weeks Scores at 44 weeks PMA
Neurobehavioral | determines tone and PCA correlate with motor outcomes
Scale (NNNS)™*® neurobehavioral | primitive reflexes; at 12 to 36 months; 115 test
function of state, sensory and items, 45 of which require

preterm, high-
risk, or drug-
exposed infants

interactive
responses;
behavioral indices
of
stress/abstinence

physical manipulation of the
infant; Requires certification.

General Discriminative Movement 36 weeks PCA Observation of 30 to 60 minutes
Movement and predictive; quality: variety, to 4 months of videotaped movement, non-
Assessment Qualitative fluidity, invasive. Cramped, synchronous
(GMA) 12160181 | 5esessment of complexity movements at 37 to 46 weeks
spontaneous PMA predictive of CP.
movement; used Training/certification required.
to evaluate early
brain function
Dubowitz or Discriminative Tone, tone 30 weeks to 4 Quick (15 minutes), practical
Hammersmith and predictive; patterns, reflexes, | months of age and requires no formal training
Infant Assesses movement, or proprietary forms for scoring;
Neurological neurological abnormal signs prognosticates severity of motor
Examination status of infant; and behavior. outcomes.
(HINE)™®? identifies
neurological

abnormalities

Test of Infant
Motor
Performance
(T| MP)163, 164
www.timp.com

Discriminative,
evaluative, and
predictive;
Assesses
functional motor
behaviors;
identifies risk for
motor
impairment
and/or Cerebral
Palsy; evaluates
change over
time orin
response to
interventioin

Spontaneous
movement,
orientation,
postural and
selective motor
control; response
to positioning/
handling, visual
and auditory
stimuli

34 weeks
through 4
months of
(adjusted) age

Shortened, screening version
available (TIMPSI), Test items
correlate with routine daily
caregiving demands, Scores at
12 weeks PMA predictive of
motor outcomes at 12 months.
Self-study training or formal
training required, 25 to 30
minutes to administer.

infants [147, 148]
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of these tests, if administered prior to term or even during the first 12 weeks of early
infancy, have limited predictive and discriminative validity. A high rate of false-
positive findings is characteristic which results in infants being over-identified as
atypical. Assessment findings in the NICU typically guide short-term treatment
plans or family education about a baby’s current strengths and needs, but caution
regarding prognostication is imperative. National Institute of Neurological Disorders
and Stroke (NINDS) strongly recommends routine use of the TIMP and GMA for
early identification of movement disorders in at-risk NICU infants and the HINE for
predicting severity of motor involvement [165].

Conclusion

Life course theory states that risk and protective factors combine for a dynamic
health trajectory [166]. For infants in the NICU, developmental risk cannot be elim-
inated; however, protective factors can be employed. Lester and colleagues outline
several best-practice developmental care suggestions, all of which emphasize the
influence of family or mother-infant bonding [73]. First, NICU care should empha-
size family-focused care. This philosophy recognizes the pivotal role of family,
seeks to partner with families for individualized family-child NICU care plans, and
empowers parents to advocate for their infant’s unique needs. Of all the evidence
regarding developmental care, one theme is robust: the NICU team that fosters fam-
ily involvement fosters positive infant outcomes. Infants who experience early nur-
turing and high-quality social-emotional relationships are more likely to realize
optimal immediate and long-term cognitive and behavioral development. Next,
regardless of the specific approach, developmental NICU care seeks to minimize
environmental stressors and to maximize a “healing environment” for the fragile
preterm infant. Limiting noise and light, promoting energy conservation through
swaddling, protecting sleep, and respecting infant neurobehavioral cues for feeding
and/or interaction readiness are crucial. To once again quote From Neurons to
Neighborhoods, a thought-provoking text regarding the effects of environment and
experience upon our most valuable resource, children: “What happens during the
first months and years of life matters a lot, not because this period of development
provides an indelible blueprint for adult well-being, but because it sets either a
sturdy or fragile stage for what follows” [1].
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Utilizing Neonatal Brain Imaging to
Predict Neurodevelopmental Outcomes

Eric S. Peeples

Abstract For 40 years, clinicians have sought to utilize neonatal neuroimaging
results to not only aid in diagnosis and support clinical decision making, but also
attempt to predict neurodevelopmental outcomes in high-risk infants. This effort has
been supported by rapidly advancing imaging technology and a wealth of research
correlating neuroimaging results with short-term outcomes. The univariate nature of
imaging and dynamic pathophysiology of neonatal brain injury, however, have
resulted in widely variable sensitivity and specificity of neuroimaging in predicting
development outside of the first 2 years of life. This chapter reviews the history and
current state of brain imaging for predicting later neurodevelopmental outcomes in
high-risk neonates. Imaging modalities that are discussed include magnetic reso-
nance imaging (MRI), ultrasound, computed tomography, as well as more recent
magnetic resonance modalities such as magnetic resonance spectroscopy, arterial
spin-labelling perfusion MRI, and diffusion tensor imaging. Currently, the predic-
tive capabilities of isolated neuroimaging results do not adequately allow for either
the exclusion of high-risk infants from structured follow-up or the selection of
infants for additional therapies. Combining modes and timing of imaging, however,
may allow for improved predictive values. As neuroimaging research evolves, it will
be important to consider how investigators may utilize neuroimaging to improve
outcomes for neonates rather than solely anticipating outcomes.

In 1977, Drs. Volpe and Pasternak used technetium scans to demonstrate increased
radionuclide uptake in the parasagittal cortex of three infants with hypoxic-ischemic
encephalopathy (HIE). Although their imaging findings initially correlated well with
the proximal limb weakness observed on physical exam, the weakness gradually
improved over the first few months of life, bringing into question the value of their
initial association [1]. Although the technology involved in neonatal neuroimaging
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has developed significantly since 1977, the correlation of neuroimaging results with
immediate or short-term outcomes, but not with long-term outcomes, continues to
be widespread in the literature today.

In an editorial accompanying a seminal 1978 study, Dr. Volpe suggested that one
of the primary goals of neuroimaging in preterm infants with brain injury was to
“identify those with a hopeless prognosis” [2]. In doing so, physicians would have
the ability to make clinical decisions and appropriately counsel families regarding
prognosis early in the hospital course. At the time, correctly identifying infants with
a poor prognosis was challenging due to the restraints of the imaging modalities.
As neuroimaging has evolved, accurately identifying neuropathology has become
more sophisticated, but with the ease of diagnosis has come an increasingly com-
plex and diverse spectrum of neonatal brain injury, which has in some ways made
outcome prediction via imaging even less clear.

The univariate nature of imaging is one of the most significant limiting fac-
tors for its prognostic efficacy. Images alone are unable to account for the com-
plex nature of perinatal and neonatal brain injuries and the many extracranial
factors that are strongly correlated to development, including nutrition, social
and economic factors, and access to appropriate therapies. Additionally, the
dynamic nature of brain injury in this population underlies the importance of the
timing of imaging and is likely a primary cause of the widely variable sensitiv-
ity and specificity of neuroimaging in predicting later development. With these limi-
tations in mind, this chapter reviews the history and current state of brain imaging
in high-risk neonates for the purpose of predicting later neurodevelopmental
outcomes.

Ultrasound

Cranial ultrasound (US) is an easily performed bedside exam that does not expose
infants to ionizing radiation. In the hands of an experienced sonographer, US can
effectively detect many abnormalities from congenital structural changes to
acquired intraventricular and periventricular hemorrhage. US is limited, however,
in its ability to detect superficial cortical and watershed injuries, as well as sub-
arachnoid hemorrhage, due to their proximity to the calvaria and the constraints
of angling the US probe. Additionally, the timing of the US, experience of the
sonographer, and equipment quality may have a considerable effect on the results,
increasing the possibility of false-positive or false-negative results. While gray-
scale US images are not sensitive for diagnosing ischemic injury, Doppler is often
added to ultrasound sequences to improve the detection of ischemia. In addition,
the ease and relatively low cost of ultrasonography have made it a first-line exam
for many indications.
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Prematurity

In the mid-1970s, investigators began to use real-time cranial US to assess for intra-
cranial hemorrhage in neonates [3]. Shortly after these initial studies, Papile et al.
divided intraventricular hemorrhage (IVH) into four levels of severity (Fig. 1) [4].
Their grading system is still utilized today, with the exception that many clinicians
now believe that grade IV IVH should be a separate entity, frequently referred to as
periventricular hemorrhage (PVH). Over the next 10 years, the development of
higher frequency transducers allowed for better visualization of the cortical white
matter, and the ability to diagnose periventricular leukomalacia (PVL). Since then,
many researchers have attempted to use US results to predict the outcomes of pre-
mature infants (Table 1).

Many early studies focused on the correlation between IVH diagnosed in the first
1-2 weeks of life and later developmental outcomes. Initial studies found that grade
IT or higher IVH was 79% sensitive for the development of cerebral palsy (CP) by 2
years of life [13], and the severity of hemorrhage correlated with worse motor and
cognitive outcomes [14, 15]. Today, however, the risk of CP due to isolated IVH has
been demonstrated to be much lower. More recent studies have estimated the rate of
CP in isolated IVH to be between 9 and 17%, compared to 4-6% in infants with
normal US results [16, 17]. In any case, using early CP as a binary variable in this
population is a primitive metric, as many infants with IVH who demonstrate signs
of CP at 1-2 years of life have minimal functional impairment and an overall
intelligence similar to that of controls by the time they reach school age [18].

Although most early studies focused on IVH, injuries to the white matter such as
PVL (Fig. 2) may be the strongest sonographic predictors of abnormal motor
outcomes and CP in preterm infants [19, 20]. Signs of white matter injury such as

Normal Grade | Grade Il Grade lll Grade IV

Germinal Matrix Intraventricular Intraventricular Periventricular
Only <50%* & no VM >50%* or VM Hemorrhage

Fig. 1 Grading of intraventricular hemorrhage, as described initially by Papile et al. [4]. % volume
of the lateral ventricle occupied by blood; VM ventriculomegaly
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Table 1 Predictive value of different imaging modalities in extreme prematurity
Sens | Spec | PPV | NPV
(%) (%) (%) (%) | Outcome measured Source
Term-equivalent MRI
PVH, PVL, or infarct | 100 79 CP at 18 months [5]
White matter changes
Moderate-severe 41-65 | 84-85 CP or severe cognitive or [6]
motor delay at 2 years
Moderate-severe 34 192 CP or MABC <5th percentile | [7]
at 5 years
Any severity 88-94 | 30-31 CP or severe cognitive or [6]
motor delay at 2 years
Any severity 93 |41 CP or MABC <5th percentile | [7]
at 5 years
Diffuse cystic changes | 33 94 Death or CP at 18-24 [8]
months
Gyral maturational 33 97 Death, CP, BSID III < 80, or | [8]
delay vision or hearing loss at
18-24 months
Ultrasound
PVH 67 53 11 |95 CP at 18 months [9]
Parenchymal 54 96 Disabling CP at 2 years [10]
echogenicity
Cystic PVL 67 96 62 |97 CP at 18 months [9]
Prolonged flare 17 85 9 92 CP at 18 months [9]
Major lesions* <=32 | 18-76 | 85-95 | 48 99 CP at 18-24 months [5,6,11]
weeks
Major lesions® 33-36 | 86 99 83 199 CP at 2 years [11]
weeks
Imaging at 1 week 16 99 75 85 CPor BSID II < 85 at 1 year |[12]
Imaging at 2 weeks 16 99 75 85 CP or BSID I < 85 at I year |[12]
Imaging at 3 weeks 37 99 87 |87 CPor BSID Il <85 at 1 year |[12]
Imaging at 6 weeks 53 99 91 91 CPor BSID II < 85 at 1 year |[12]
Imaging at 40 weeks |58 100 100 |92 CPor BSID Il < 85 at I year |[12]

PMA

3Grade I1I-1V IVH, cystic PVL, subcortical leukomalacia, basal ganglia lesions, or focal infarction
BSID Bayley Scales of Infant and Toddler Development, CP cerebral palsy, MABC Movement
Assessment Battery for Children, MRI magnetic resonance imaging, NPV negative predictive
value, PPV positive predictive value, PVH periventricular hemorrhage, PVL periventricular

leukomalacia

parenchymal echogenicities or ventriculomegaly visualized in the first week of life
have a 54% sensitivity but 96% specificity for disabling CP at 2 years of age [10].
Both the size and location of white matter lesions correlate with the severity of
motor abnormalities seen in infancy [19-21]. Outside of infancy, 41-47% of infants
with white matter lesions or ventriculomegaly develop psychiatric disorders or
abnormalities in intelligence and adaptive functions at 6 years of life [22, 23].



Utilizing Neonatal Brain Imaging to Predict Neurodevelopmental Outcomes 63

Fig. 2 Coronal (left) and sagittal (right) images demonstrating hyperechogenicity of the periven-
tricular white matter consistent with non-cystic periventricular leukomalacia (top, long arrows) or
cystic periventricular leukomalacia (bottom, short arrows). Images courtesy of Drs. Powers, Love,
and Gollehon, Children’s Hospital & Medical Center, Omaha, NE

More recently, cerebellar injury identified by US through the mastoid window has
been discovered to be a significant determinant of later developmental impairment.
In one study, 60% of infants with bilateral cerebellar hemorrhage developed CP,
though the true prevalence in the study could not be determined because many infants
did not have mastoid views performed [17]. A recent Neonatal Research Network
trial of extremely preterm infants showed that in the units participating in the trial,
only 46% of term-equivalent age US included mastoid views. Of those infants with
mastoid views obtained, none demonstrated cerebellar lesions by US despite 15% of
those infants having cerebellar lesions visualized on magnetic resonance imaging
(MRI) [24]. One potential developmental confounder of these studies is the high
frequency of concurrent IVH with cerebellar hemorrhage. In an attempt to define the
risk of cerebellar hemorrhage alone, Limperopoulous et al. compared the 24-month
outcomes of infants with isolated cerebellar injury, combined cerebellar and cerebral
injury, and no injury diagnosed on US. They found that 66% of infants with isolated
cerebellar hemorrhage later developed neurologic abnormalities versus 5% in the
infants without injury. The neonates with both cerebellar and cerebral injury had a
similar risk for developing neurologic abnormalities at 24 months of life but tended
to have more severe outcomes [25].
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Despite technological advances and high-frequency probes, the predictive value
of US is still too poor to allow clinicians to provide accurate prognostic information
regarding neurodevelopmental outcomes to families (Table 1). Thirty-four to 60%
of infants who develop CP have no IVH, white matter cystic changes, or ventriculo-
megaly on US, and 6% have completely normal ultrasounds [17]. In an attempt to
improve the negative predictive value (NPV) of US, some studies have grouped
multiple types of injury into categories such as “major abnormalities,” which may
include grade III-IV IVH, cystic PVL, subcortical leukomalacia, basal ganglia
lesions, and focal infarction. By improving the NPV, however, this method signifi-
cantly decreases the positive predictive value (PPV) for cerebral palsy to only 48%
[11]. Clinicians, therefore, face the dilemma of obtaining US results that may not
add significantly to clinical decision making for the neonates.

Unfortunately, cranial US has yet to provide a robust biomarker for clinical out-
comes in preterm infants. In fact, prediction models for extremely low-birth-weight
infants using clinical variables alone may predict impairment better than those con-
taining only US data, and adding the US results to the clinical models does not
improve prediction of neurodevelopmental impairment at 18-22 months [26].
Because of the uncertain prognostic value, many physicians have voiced concern
over the ubiquity of US imaging in this population, as well as the common percep-
tion that findings such as PVH and PVL carry universally poor outcomes, poten-
tially leading to alterations in the clinical care or withdrawal of care [27]. For
clinicians to make complex decisions such as withdrawal of support from US
results, better models of developmental outcomes should be developed, and factors
such as quality of life and familial impacts must be better explored [28].

Most current recommendations suggest routine screening cranial ultrasounds for
all infants born at <30 weeks gestation [29], or to avoid missing the few cases that
occur after 30 weeks some recommend <32 weeks [30]. The initial US should be
performed between 7 and 14 days of life since the majority of IVH will have
occurred by that time. A follow-up US is recommended at >36 weeks postmenstrual
age and at least 6 weeks postnatal age to detect white matter changes which occur
after the first several weeks of life (Fig. 3) [29, 30]. US obtained closer to 40 weeks
corrected age also provide better prognostic accuracy than those obtained in the first
few weeks of life [12]. The US sequences obtained should include not only sagittal
and coronal views of the cerebrum but also mastoid views of the cerebellum.

Hypoxic-Ischemic Encephalopathy

After becoming a widely recognized modality in premature infants, the utility of
cranial US in neonatal HIE began to be explored in the early 1980s [31]. Unlike the
early studies in preterm infants that focused on the two findings of IVH and PVL,
the two-dimensional US findings in neonatal HIE are broader but can be character-
ized as either central (basal ganglia, thalami, periventricular white matter, and brain
stem) or peripheral (cortex and subcortical white matter) injury.
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Extreme prematurity

Early Ultrasound 7-14 days postnatal age

Late Ultrasound 36-40 weeks PMA AND > 6 weeks postnatal age

MRI Not currently recommended
Neonatal Encephalopathy

Ultrasound Upon admission

MRI 2-8 days post-injury

MRS 2-8 days post-injury
Congenital Heart Disease

Ultrasound or MRI Consider prior to repair
ECMO

Ultrasound Prior to and during ECMO

MRI or CT Prior to discharge

Fig. 3 Suggested imaging and timing by etiology of injury. CT computed tomography, ECMO
extracorporeal membrane oxygenation, MRI magnetic resonance imaging, MRS magnetic reso-
nance spectroscopy, PMA postmenstrual age

The various injury patterns observed in infants with HIE have now been well
defined by MRI and are discussed in greater detail in the MRI section of this chap-
ter. Findings on US are less sensitive and specific than MRI but are similar in nature.
The first pattern occurs after more prolonged and mild insults resulting in watershed
injury at the intervascular boundaries, sparing the brain stem, cerebellum, and deep
gray matter. Infants suffering from more severe acute hypoxic injury instead
demonstrate changes primarily in the deep gray matter (basal ganglia, thalami,
hippocampus), periventricular white matter, and perirolandic cortex. Due to the
lower amount of metabolic activity in the remainder of the cortex, it is often spared
except in cases of prolonged and severe exposure.

US performed in the first few days after injury demonstrates diffusely increased
cerebral echogenicity (sometimes referred to as the “bright brain”) and loss of the
cerebral spinal fluid-containing spaces, which are signs of the development of cere-
bral edema and potentially early predictors of long-term injury. At 12 +/— 2 h of life,
the “bright brain” has a sensitivity of 88% for death or severe disability in infants
with HIE [32]. The loss of cerebral spinal fluid-containing spaces can also be found
in the first few days of life in 9% of healthy newborns, and because of this the sizes
of the ventricles, interhemispheric fissure, and subarachnoid space during that time
do not correlate with the amount of injury or later developmental outcomes. After 7
days, however, smaller ventricles, interhemispheric fissure, and subarachnoid space
are all associated with severe HIE as well as later death or neurodevelopmental
impairment (Ilves, 2009).

The sensitivity and specificity of various US abnormalities in predicting outcomes
for infants after HIE have varied widely among studies (Table 2). Studies performed
with the early cranial ultrasound devices relied on significant abnormalities that could
be visualized with the technology at the time. Because of this, some of the studies
could demonstrate nearly 100% specificity in detecting death or moderate-to-severe
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Table 2 Predictive value of examination and imaging modalities in term hypoxic-ischemic injury

Spec PPV NPV
Sens (%) | (%) (%) (%) Outcome measured Source

Structured physical exam

0-9 days 100 31 53 100 Griffith’s DQ < 70, CP, or [33]

(med. 19 h) hearing or vision loss

3-25 days 91 71 71 91 Griffith’s DQ < 70, CP, or [33]

(med. 7 days) hearing or vision loss

MRI

1-7 days 85 86 Death of moderate/severe [34]
disability (pooled)

8-30 days 99 53 Death of moderate/severe [34]
disability (pooled)

No 61 92 92 59 Wechsler IQ > =70 at [35]

abnormalities 6-7 years

PLIC signal 48-90 | 93-100 | 88-100 | 63-87 | Death, BSID II-1II > 2 SD [36,

intensity below mean, DQ < 85 or 37]
neurologic changes at
1-2 years

Mod-Sev WM | 25 95 84 54 Death or BSID II-1IT > 2 SD [36]

changes below mean

Bilateral BG 84 42 Death or central motor deficit | [38]

change at 1 year

Low ADC 78 95 91 87 Death or Griffith’s DQ < 85 at | [39]

(BG) 18-46 months

Low ADC 48 98 93 74 Death or Griffith’s DQ < 85 at | [39]

(thalamus) 18-46 months

Focal infarct 32 89 Death or central motor deficit | [38]
at 1 year

NICHD 81 78 70 87 Death or Wechsler IQ <70 at | [35]

patterns 2B-3° 6-7 years

MRS

Lac/Cr 66 95 86 88 DQ < 85 at 1 year [40]

Lac/NAA 96 61 67-89 | 72-94 | Death or DQ < 85 at [39,
18-46 months 41]

NAA/Cho 56 82 72-91 | 61- Death or DQ < 85 at [39,

100 18-46 months 41]

Ultrasound

Abnormal 57-59 88-100 193-94 |73 Death, CP, or developmental [42—~

CBFV delay at 1-2 years 44]

Abnormal RI | 24-100 |63-100 | 83-100 | 54-80 | Death, CP, or developmental [43—

(ACA) delay at 1-2 years 45]

Abnormal RI | 82 89 93 73 Death, CP, or developmental [43]

(MCA) delay at 1-2 years

Unilateral BG | 16 85 Death or central motor deficit | [38]

change at 1 year

Bilateral BG 47 100 Death or central motor deficit | [38]

change at 1 year

(continued)
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Table 2 (continued)

Spec PPV NPV
Sens (%) | (%) (%) (%) Outcome measured Source
Multiple cysts | 32 100 Death or central motor deficit | [38]
at | year
Computed tomography
Decreased 91 100 100 80 Death, CP, or developmental [43]
density delay at 1-2 years

“National Institute of Child Health and Human Development (NICHD) patterns 2B = cerebral
lesions with involvement of basal ganglia, thalamus, posterior or anterior limb of the internal cap-
sule, or area of infarction; and 3 = cerebral hemispheric devastation

ACA anterior cerebral artery, BG basal ganglia, BSID Bayley Scales of Infant and Toddler
Development, CBFV cerebral blood flow velocity, CP cerebral palsy, DQ developmental quotient,
1Q intelligence quotient, MCA middle cerebral artery, MRI magnetic resonance imaging, MRS
magnetic resonance spectroscopy, NPV negative predictive value, PLIC posterior limb of the inter-
nal capsule, PPV positive predictive value, R/ resistive index

disability in infants with HIE, but sensitivities were as low as 6% [38]. Other studies
have since demonstrated more moderate predictive values, estimating 42% sensitivity
and 60% specificity in predicting negative outcomes when imaging within the first 6 h
of life, corresponding to a PPV of 57% and NPV of 45% [45].

Due to the relatively low combined sensitivity and specificity of two-dimensional
US to predict neurodevelopmental outcomes in infants after HIE, it is not currently
recommended for use in diagnosis or prognosis. US should still be considered early
in the hospital course, however, as a tool to help exclude other causes of neonatal
encephalopathy that may mimic HIE.

Doppler

One main component of the pathophysiology of hypoxic-ischemic brain injury is
the alteration of cerebral blood flow, in part due to vasoparalysis and subsequent
lack of autoregulation [46]. As such, it has been hypothesized that abnormal cere-
bral blood flow should be strongly associated with outcomes. Since the mid-1980s
[42], investigators have attempted to correlate neurodevelopmental outcomes with
the cerebral blood flow velocity (CBFV) and resistive index (RI) of various cerebral
blood vessels in infants who have suffered from hypoxic injury. The RI is an esti-
mate of the resistance in a blood vessel and is derived from the equation (systolic
velocity—diastolic velocity)/systolic velocity. A normal value in neonates is thought
to be 0.75 +/— 0.1 [47]. Alterations in RI are seen in many patients with HIE, most
likely due to increased resistance; however, it is important to also assess these
patients for other etiologies of abnormal RI, such as cerebral edema, hemorrhage,
patent ductus arteriosus, or cardiac dysfunction [47].

RI increases in infants with moderate HIE in the first 24 h of life, followed by a
transition to low RI by the second day of life [48, 49]. After the initial elevated
period, avalueless than 0.55 has been determined as consistent with hypoxic-ischemic
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injury [42]. Reversal of this pattern has been observed in infants with the most
severe injury, demonstrating low RI as early as 2—12 h after injury. This initial
hyperperfusion may last up to 10 days after injury, and then gradually transitions to
a prolonged hypoperfusion state with low CBFV and RI elevation that may last up
to 5 months after injury [32]. A low RI and elevated CBFV after 12 h of life have
consistently been associated with poor outcomes [32, 49, 50].

Doppler US possesses limitations which have so far kept it from becoming a
universally relevant clinical tool. The first is that blood flow velocity is used as a
surrogate for blood flow in these studies due to the inability to accurately measure
vessel diameter, making it impossible to determine if elevated velocities are due to
changes in vasomotor tone (i.e., vasoconstriction) or a true increase in blood flow.
Also, after the initial hypoperfusion state in severe injury, cerebral blood flow is
thought to dissociate from cerebral metabolism, resulting in “luxury perfusion”
where the blood flow greatly exceeds the metabolic needs of the brain tissue. During
this time, CBFV no longer reflects the condition of the injured brain, and other
measurements that directly assess the cerebral metabolism, oxygenation, or electric
activity of the brain would be more appropriate metrics. Lastly, since cardiovascular
stability is affected in infants undergoing hypothermia, it is possible that hypother-
mia also affects cerebrovascular control, making the values derived from the studies
of CBFV and RI performed on normothermic infants less applicable. Supporting
this concern, the PPV of the traditional RI cutoff of less than 0.55 for poor outcome
decreases from 84 to 60% in infants undergoing hypothermia [51].

Magnetic Resonance Imaging

In 1985, investigators began reporting the use of cerebral MRI in neonates [52], and
shortly thereafter the first studies of MR imaging in neonatal encephalopathy were
published [53, 54]. Despite the ease and ubiquity of cranial US, MRI has better
sensitivity and specificity for brain injury in the neonates, especially in the thalami
and basal ganglia, where over half of the injury may be missed by US [38]. The
increased sensitivity for parenchymal injury has not proportionally translated into
sensitivity for predicting outcomes, however. For instance, the same study that dem-
onstrated superior diagnostic utility also showed a significant false-positive rate for
neurodevelopmental outcomes, as each of the 15 infants with normal developmental
outcomes had at least one abnormality visualized on MRI [38].

MRI utilizes electromagnetic radiation to excite protons within the brain tissue.
The protons subsequently “relax” to an equilibrium state, and in doing so emit
radiofrequency energy that is processed to generate images. The longitudinal and
transverse components of that energy are termed T1 and T2 relaxation times, respec-
tively, and differ depending on the tissue composition. By augmenting imaging
parameters to maximize or minimize the T1 and T2 relaxation effects, one can
produce images with certain contrasts. In general, a T2-weighted sequence is fluid
sensitive, and tissues containing fluid (e.g., cerebrospinal fluid or interstitial fluid
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from parenchymal edema) have a high signal intensity and appear bright on imaging;
conversely, fluid-containing tissues or structures have low signal intensity on
T1-weighted sequences and appear dark. Blood is a fluid with complex and dynamic
MRI signal characteristics due to changes in oxygenation over time that produce
characteristic patterns of signal intensity on TI1-weighted and T2-weighted
sequences as the blood evolves.

MRI provides sensitive noninvasive imaging of the brain parenchyma without
ionizing radiation. Unfortunately, its utility is often limited by the need to transfer
potentially unstable infants from the intensive care unit to radiology, an issue com-
plicated by the relatively long duration of the studies compared to other modalities
such as computed tomography. Historically, many infants have also been sedated
for MR imaging, adding additional risk; however, most MR protocols now attempt
to feed and swaddle the infants in place of sedation.

Prematurity

In addition to detecting hemorrhage, which is also well visualized by US, MRI can
differentiate between several common patterns of white matter changes in preterm
infants. The first is prolonged immaturity and delayed myelination of the white mat-
ter, which presents as bands of low T2 intensity in the frontal periventricular white
matter. The bands are thought to represent normal maturation by migrating glial
cells and are not correlated with motor outcomes even when persisting to term-
equivalent age (TEA) [5]. The second common injury pattern is diffuse white matter
disease, often referred to as diffuse excessive high signal intensity (DEHSI). DEHSI
is considered to represent a milder form of injury, and as such does not appear to
significantly correlate with developmental outcomes [55, 56].

The remainder of MRI abnormalities described in preterm infants are more focal
in nature. The most common focal changes are punctate lesions [57], thought to
represent clusters of activated microglia. Since these lesions cannot be visualized
with US, outcome data on this entity is very limited. Most likely, neonates with only
a few lesions will develop normally, but those with lesions in the posterior limb of
the internal capsule (PLIC) or more widespread lesions in the periventricular white
matter may have abnormal motor development [58]. Although classic cystic PVL is
the white matter lesion that has been the most thoroughly investigated in preterm
infants, it represents only about 4% of the abnormalities seen on TEA MRI [57].

One of the first large studies to suggest obtaining routine MRI at TEA was by
Woodward et al., which demonstrated significantly improved sensitivity of MRI over
US in predicting a range of developmental impairment. Though improved, the sensitiv-
ity of moderate-to-severe white matter abnormalities on MRI for predicting cognitive
delay at 2 years was still only 41%, and 65% for severe motor delay or CP, respectively.
Additionally, the specificity for all outcomes assessed in their study was lower for MRI
than US [6]. The strength of the association between white matter injury on MRI and
motor outcomes also correlates with increasing injury severity [7].
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One significant advantage of MR imaging is its superiority over US in imaging
the posterior fossa. As mentioned earlier in this chapter, cerebellar hemorrhage may
be visualized through US mastoid views and has been associated with significant
risk of neurologic abnormalities in preterm infants [25, 59]. At 7 years of age,
infants with cerebellar hemorrhage were found to be at higher risk for deficits in
attention [60] but not memory or learning [61]. While few IVH are missed by rou-
tine US, cerebellar injury demonstrated on MRI is frequently missed by US [24, 62,
63]. A recent study demonstrated cerebellar hemorrhage on MRI in 10% of their
cohort, whereas only 2% had hemorrhage detected on US. The difference in sensi-
tivity for cerebellar injury may be translatable to improved prognostic ability, as
those infants with hemorrhage only visible by MRI had a fivefold increased odds of
abnormal neurologic outcome between 3 and 6 years of age over controls [64].

One of the challenges of the improved sensitivity of MRIs is that 10% of infants
will demonstrate unexpected (i.e., not already diagnosed prenatally or postnatally
by clinical signs or cranial US) abnormalities not acquired in the perinatal period
[65]. In the adult population, 1-4% of brain MRI produce incidental findings, with
up to one-third of those being neoplastic and many of the remainder considered
benign without the need for follow-up [66]. Contrary to the adult literature, neo-
nates tend to have a higher rate of incidental findings requiring follow-up. In the
only study of incidental findings in the very-low-birth-weight population to date,
only 25% of the findings were benign (e.g., small benign venous anomalies and
arachnoid cysts) and required no further follow-up. The remaining 75% required
further diagnostic follow-up and/or therapeutic intervention, including cortical
tubers, significant dysmorphia of the brain stem or cerebellum, and ectopic pituitary
[65]. The balance between revealing silent brain abnormalities of clinical signifi-
cance and discovering findings of uncertain clinical significance that result in poten-
tially unnecessary diagnostic follow-up has led to ongoing debate regarding the
benefit and appropriateness of TEA MR imaging in this population.

Currently, there are several issues that must be overcome before TEA MRI can
become a standard in preterm infants. Although MRI may have some prognostic
value on its own, it does not significantly improve the ability to predict death or
neurodevelopmental disability over the combination of early and late cranial US
[24]. Another study showed that although white matter injury on MRI significantly
increased the risk of MDI <70 or functional motor deficits at 12—18 months with a
relative risk of 5.3, a structured neurological exam performed on the day of the MRI
had a higher relative risk of 6.5 for the same outcomes [67]. Additionally, there are
currently no data to support that any improved prognostic capabilities of MRI will
translate into improved outcomes. Because of this, performing term-equivalent MRI
for preterm infants was recently listed as one of the top five tests or treatments in
newborn medicine that “cannot be adequately justified on the basis of efficacy,
safety, or cost” [68].

Some have suggested that MRI should be obtained as standard for all very-low-
birth-weight infants at 3640 weeks postmenstrual age [69—71], though the most recent
recommendations from the American Academy of Neurology do not suggest routine
MRI for preterm infants, regardless of cranial US findings [29]. MRI may be helpful



Utilizing Neonatal Brain Imaging to Predict Neurodevelopmental Outcomes 71

for better understanding more subtle developmental pathology, and performing
MRI under the constraints of clinical research protocols may allow for the eventual
development of methods to improve the outcome of these high-risk infants.

Hypoxic-Ischemic Encephalopathy

Two primary patterns of injury have been identified by MRI in term infants who
have survived neonatal HIE, corresponding to regions of high metabolic need and
therefore heightened vulnerability. The most common pattern, which is seen in
~45% of infants with HIE [72], presents after prolonged mild hypoxia and results
primarily in injury to the white matter watershed areas of the brain, extending to the
deep gray nuclei only in severe cases. The second primary pattern is seen in ~25%
of infants with HIE [72], and is more often observed after severe acute hypoxia-
ischemia. These infants develop predominantly bilateral central gray nuclei and
perirolandic cortex injury, with occasional involvement of the hippocampus and
brain stem (Fig. 4). Other types of injury that have been described in HIE include
focal ischemic injury as well as periventricular white matter injury similar to the
leukomalacia seen in preterm infants [73]. The latter injury is most common in
infants born at lower gestational ages and results in a milder encephalopathy compared
to the two primary patterns of injury [74].

Studies have attempted to associate particular injury patterns on MRI with
developmental outcomes. A study performed in the pre-therapeutic hypothermia
era assessed infants with HIE for abnormal signal intensity in the PLIC (Fig. 4),

Fig. 4 Magnetic resonance imaging of an infant after hypoxic-ischemic encephalopathy demon-
strating abnormal hyperintense T1 signal in the basal ganglia and thalamus (short white arrows)
and lack of normal T1 signal in the posterior limb of the internal capsule (long arrow), as well as
restricted diffusivity in the left thalamus (arrowhead) and white matter of the left hemisphere
(black arrow). Images courtesy of Drs. Powers and Love, Children’s Hospital & Medical Center,
Omaha, NE
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which can signify a loss of myelination. They found 90% sensitivity and 100%
specificity for development of a low Griffith’s Developmental Quotient or abnormal
neurologic exam at 1 year of age in infants with moderate HIE [37]. They also dem-
onstrated that the abnormal signal might not become apparent in the PLIC until
about 4 days of life. Injury to the PLIC, as well as the basal ganglia and thalamus,
is associated with more severe developmental phenotypes than watershed injury,
with up to 94% of infants developing cognitive deficits, CP, and seizures at 1-2 years
of life [37, 72, 75, 76]. The severity of the developmental phenotype is correlated
with the degree of basal ganglia injury seen on MRI, especially when imaged
between 7 and 14 days of life [75, 76]. As opposed to the motor deficits often seen
with deep gray matter injury, infants with predominant watershed injury primarily
develop cognitive impairments in the absence of motor deficits [72].

Due to overlap between injury patterns, MRI scoring systems have been devel-
oped to attempt to assess the effects of combined white and gray matter injury. One
of the first scoring systems described by Barkovich et al. found that the combination
of both basal ganglia and watershed injury was a better predictor of neuromotor and
cognitive outcome at 12 months than either basal ganglia or watershed scores alone
[77]. A more recent system derived from the National Institute of Child Health and
Human Development (NICHD) Neonatal Research Network study on total body
hypothermia came to a similar conclusion. In their study, the combination of level
2B and 3 (2B defined as the combination of both white and gray matter lesions and
3 defined as cerebral hemispheric devastation) had PPV of 70% and NPV of 87%
for death or IQ < 70 at 67 years of age [35]. These scoring systems are vital for
the standardization of reporting imaging results in clinical research, allowing for
appropriate comparisons between studies. However, they are not commonly used in
routine clinical care.

Although conventional T1- and T2-weighted MRI provides moderate sensitivity
and specificity for predicting outcomes in neonates after HIE when performed
toward the end of the first week post-injury [34, 39], the injury is frequently not
apparent in the first few days of life. Diffusion-weighted MR imaging (DWI) allows
for the calculation of a value termed the apparent diffusion coefficient (ADC),
which is a measure of intracellular edema and may provide evidence of cerebral
injury earlier than conventional MRI [78, 79]. ADC values decrease 1-2 days before
injury appears on T1- and T2-weighted imaging, although false negatives are still
common in the first 24 h after injury. The ADC values then pseudo-normalize
6-7 days after injury (or 10 days after injury in infants who have undergone hypo-
thermia) and therefore may provide false-negative results if obtained after the first
week (Fig. 5) [79-82]. Decreased ADC values have been associated with poor
motor outcomes in infants up to 2 years of age [83, 84], and the combination of
conventional MRI and ADC has a much stronger association with outcomes at
18—46 months than conventional MRI alone [39].

When correlating MRI findings to outcomes, special attention should be paid to the
timing of developmental follow-up, as some infants may not demonstrate neuro-
logic changes until after 1-2 years of age. In one cohort, 24% of children of infants
who were considered developmentally normal at 2 years of age later demonstrated
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Fig. 5 Timing of diagnostic and prognostic utility of magnetic resonance imaging modalities

neurologic dysfunction at 5-6 years of life. Of those children, 80% had mild or
moderate basal ganglia injury or marked white matter lesions on their neonatal MR
imaging [85]. In another study, several subjects whose neonatal MRI demonstrated
a watershed pattern of injury developed cognitive deficits at 30 months that were not
apparent at 12 months in infants [72]. To improve the predictive ability of MRI to
correlate with outcomes past the first few years of life, more advanced MR technology
is under investigation.

Magnetic resonance spectroscopy (MRS) is a noninvasive method of measuring
metabolites produced in the brain. Imaging with MRS may be beneficial in the first
day after injury, at a time when conventional MRI changes are limited to edema,
PLIC changes are not yet apparent, and DWI changes are still evolving. MRS also
has the potential to reveal signs of other etiologies of encephalopathy, such as mito-
chondrial disorders and non-ketotic hyperglycinemia.

Initial studies into brain metabolism used phosphorus (*'P)-MRS and were inte-
gral in describing the concept of “secondary energy failure” that occurs 68 h after
injury [86-89]. Several studies correlated an abnormal creatinine (Cr)/inorganic
phosphate ratio to death or neurodevelopmental disability, with a PPV as high as
93% (87,90, 91]. The development of proton (‘H)-MRS, however, which allows for
significantly improved spatial resolution and visualization of a wider range of cerebral
metabolites has kept *’P-MRS from becoming widely utilized clinically.

A number of groups have used "H-MRS results to predict outcomes in infants after
HIE [41, 92-94], and 'H-MRS has been described as the strongest MR biomarker of
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outcomes in infants with HIE [34, 95]. The N-acetyl aspartate (NAA) peak on MRS
reflects neuronal integrity, and a low relative concentration of NAA (generally
expressed as a ratio of NAA/choline or NAA/Cr) has been associated with death or
severe disability at 1 year of age [81, 94]. Two groups have assessed longer term
outcomes and associated decreased NAA with abnormal motor outcomes, CP, hear-
ing loss, and severe visual impairment at 24-30 months of age [41, 93].

In infants with HIE, the presence of a lactate peak resulting in elevated lactate/
choline or lactate/NAA ratios has also been correlated with poor outcomes at
1-2 years of age [39, 41, 83, 93, 96-98]. MRS lactate values peak around the second
or third day of life, and although lactate may continue to be detected up to 5 months
of age [99] in most infants it rapidly diminishes by the end of the first week, making
it difficult to differentiate from noise by 3-5 days post-injury. Conversely, NAA
begins to decrease after 48—72 h post-injury and then remains low. Because of this,
lactate/choline demonstrates better sensitivity for outcomes when performed in the
first 3-5 days [93, 96, 100] while NAA measurements (lactate/NAA and NAA/
choline) outperform lactate after 3—5 days post-injury [92].

Therapeutic hypothermia alters the energy homeostasis in the brain, resulting in
significantly different 'H-MRS patterns when obtained during hypothermia versus
after rewarming. Hypothermia decreases the concentrations of key metabolites such
as creatine, choline, glutamate, and NAA, and it may cause a small increase in phos-
phocreatine [101]. It is currently unclear whether these changes are enough to affect
the ability of MRS to predict outcomes.

The most recent recommendations from the American Academy of Neurology
suggest performing MRI between 2 and 8 days after hypoxic-ischemic brain injury
(Fig. 5), including single-voxel MRS and DWI sequences if available.

Advanced MRI Modalities

As demonstrated by Doppler US studies, abnormal brain perfusion may be corre-
lated with poor outcomes in infants after hypoxic-ischemic brain injury. Standard
Doppler US technology, however, is limited in its ability to accurately measure
blood flow velocity in deep tissues, especially at low velocities. Arterial spin-
labelling (ASL) perfusion MRI is a noninvasive perfusion measure that can accu-
rately quantify blood flow velocity deep in the brain and at low velocities. Higher
ASL perfusion values, especially in the basal ganglia and thalami, are associated
with death or CP at 9 or 18 months of age. The predictive performance increases
further when combined with MRS Lac/NAA [102].

Another MRI sequence, diffusion tensor imaging (DTI) (Fig. 6), takes advantage
of the tendency of water molecules to flow more easily along the path of an axon to
allow visualization of neuronal tracts. The directional preference of water’s path is
termed anisotropy, and the fractional anisotropy (FA) is a value that can be derived
from DTI. FA decreases when local tract structure is disrupted, signifying axonal or
white matter bundle injury. Studies have demonstrated that DTI is feasible in neonates,
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Fig. 6 (a) Coronal diffusion tensor (DTI) and (b) track density magnetic resonance images of
embryonic mouse brains. (¢) Coronal DTI color map and white matter tract reconstruction of an
embryonic mouse brain. © 2016 Wu and Zhang CC-BY, version 4.0 [103]

and global FA in infants with HIE is improved after therapeutic hypothermia [104].
Decreased FA in the corpus callosum and corticospinal tracts has been associated
with decreased BSID-II MDI and PDI, respectively, at 15 and 21 months after HIE
[105]. In premature infants with PVH, an asymmetric DTT in the PLIC correctly
predicted unilateral spastic CP in six of seven infants, and high FA asymmetry pre-
dicted spastic CP in all seven cases [106].

Other diffusion-related metrics such as diffusion kurtosis imaging, which mea-
sures the probability distribution of the water diffusion in DTI, may possess
improved sensitivity to microstructural change over DTI [107], and additional
techniques such as brain volumetrics, assessment of cortical folding, and resting-
state functional MRI may also provide additional prognostic insight into the future.
All of these techniques are currently early in their evaluation for use in the neonatal
population.

Computed Tomography (CT)

In 1994, nearly 23% of infants with HIE were receiving at least one CT scan during
their initial hospitalization despite concerns regarding exposing the immature brain
to radiation, the ease of cranial ultrasound, and the superiority of MR imaging in
this population [108]. However, as US and MRI techniques have continued to
evolve and become more widely available, and more focus has been placed on
neuroimaging techniques in the newborn period, CT imaging has been utilized less
frequently. The main benefit of CT remains its rapid acquisition time obviating the
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need for sedation of the infant and better visualization of superficial structures over
cranial US.

CT has been used in infants to demonstrate hemorrhage, generalized edema,
and multicystic encephalomalacia in severe hypoxic injury [109, 110]. CT can also
identify severe deep gray matter lesions with similar performance to MRI, and injuries
to the thalami and basal ganglia on CT have been associated with death or major neu-
rologic sequelae at 18 months of life [111]. CT does not perform well in the identifica-
tion of white matter cortical injury or cerebellar injury, however [112, 113].

In addition to being less sensitive in the identification of hypoxic injury, CT has
several disadvantages including the use of radiation. Although portable CT is avail-
able in a few institutions, most still require the infant to be transported to radiology
for image acquisition. Due to the need for transport and radiation, CT is generally
reserved for acute situations such as concern for hemorrhage when US is not feasi-
ble or informative and has not been widely utilized in prognostication for neonatal
outcomes.

Imaging in Infants with Congenital Heart Disease (CHD)

Twenty-six to 59% of infants with CHD have evidence of structural brain abnor-
malities on brain imaging [114-116], and infants with CHD are at high risk for
neurodevelopmental impairments. Imaging and neuropathology of infants with con-
genital heart disease demonstrate similar immaturity to that of preterm infants, with
pathological studies most commonly showing focal or diffuse white matter injury,
and less frequently gray matter damage [117].

Although infants with complex CHD are at added risk for adverse neurodevelop-
ment due to their exposure to surgery, anesthesia, and cardiopulmonary bypass,
much of the abnormal development of this population is likely due to abnormal in
utero cerebral blood flow resulting in poor brain growth and development [118, 119].
In fact, the relative immaturity of their brain at term gestation may increase their
susceptibility to white matter injury caused by hemodynamic changes in the periop-
erative period [120]. This theory is supported by the finding that infants with low
preoperative brain maturity scores are at increased risk for postoperative white mat-
ter injury and that lower brain maturity is associated with more severe white matter
injury [121].

Though frequently performed in the preoperative period, US has not been utilized
clinically for predication of outcomes, but rather to assess for significant structural
abnormalities that could complicate surgery. One study comparing US and MRI in
a population of term infants with CHD found that MRI diagnosed brain injury in
26% of asymptomatic infants versus 3% with US, and 80% of the abnormal ultra-
sounds were considered to be false positives [116]. Additionally, preoperative US
does not correlate with neurodevelopmental outcomes at 1 year of life [122]. US
Doppler flow measures, however, have been used in the fetal and neonatal periods
to assess cerebral blood flow velocity and have been correlated with abnormal neu-
rodevelopmental outcomes [123, 124].
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Although some have recommended an MRI in all infants with CHD that require
early surgery due to the frequency of brain lesions in this population and the lower
sensitivity and specificity of US [125], there is a paucity of data correlating out-
comes to MRI in infants with congenital heart disease. In one of the few studies to
assess the association between neuroimaging and development in this population,
infants who had previously undergone the Fontan procedure for single ventricle
physiology were followed up at 12—17 years of age for neuropsychological testing
and MR imaging. The post-Fontan adolescents had lower Full-Scale 1Q as well as
lower Reading Composite scores and Mathematics Composite scores than popula-
tion norms. The frequency of MRI abnormalities in those infants was 66%, approxi-
mately 11 times greater than the general population [126].

The American Heart Association suggests that “the indications for brain MRI for
the asymptomatic child with CHD are poorly defined given the unclear prognostic
value of abnormal findings and the lack of a consensus on the need for treatment of
asymptomatic PVL. However, brain MRI may be a useful clinical adjunct ... on a
case-by-case basis, for the diagnosis and management of possible contributors to
developmental delays” [127].

Imaging in Infants After Extracorporeal Membrane
Oxygenation (ECMO)

Infants requiring extracorporeal membrane oxygenation (ECMO) are at very high
risk of intracranial hemorrhage or infarction. These infants often receive serial neu-
roimaging to assess for complications such as hemorrhage or infarct, and published
rates of abnormal neuroimaging after ECMO have ranged from O to 52% [128—130].
MRI has significantly better sensitivity than US, with up to 50% of infants with nega-
tive US demonstrating MRI abnormalities; however neither mode of imaging has
been found to correlate with the Bayley Scales of Infant and Toddler Development
(BSID) II or III or hearing or vision outcomes at 12-30 months of age [130].

The remaining literature assessing the association between neuroimaging and
outcomes in infants after ECMO has been conflicting. Consistent with the above
study, another group found no association between major brain lesions and neuro-
developmental outcome, though they did demonstrate that the presence of enlarged
cerebrospinal fluid spaces (also referred to as benign extra-axial fluid of infancy) on
MRI was associated with lower BSID II at 6 and 12 months of life [131]. Other
studies have been more positive, finding significant associations between moderate-
to-severe neuroimaging abnormality and death, CP, IQ scores, or abnormal neuro-
motor outcome [132-134].

Overall, the data regarding neurodevelopmental outcomes in infants with abnor-
mal brain imaging post-ECMO does not support making clinical decisions based on
imaging alone. To allow for identification of silent brain lesions, however, the
Extracorporeal Life Support Organization includes a predischarge CT or MRI in the
discharge checklist described in their recommendations for neonatal-pediatric
ECMO patient follow-up.
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Post-discharge Imaging

Few studies have addressed the role of neuroimaging in high-risk neonates after
discharge from the hospital. Some have suggested performing US 1 month after
HIE to detect infants who will develop multicystic encephalopathy. In support of
this recommendation, multicystic encephalopathy has been associated with death or
poor psychomotor development at 18 months, and the cysts may not be visualized
until around 3 weeks of life with resolution of small cysts by 3 months [32]. Other
US findings post-discharge include progressive enlargement of the ventricles, inter-
hemispheric fissure, and subarachnoid space which can be seen at 5 months of age
in infants with severe HIE. Their size has been correlated with poor psychomotor
development at the age of 18 months [32].

Measurements of the basal ganglia, thalamus, and cerebellum on MR imaging
are still correlated to 1-year outcomes when performed at 3 months of age [135].
When MRI was performed at 8§ months of age, structural abnormalities, delayed
myelination, or both were present in all infants diagnosed with CP at 18 months
[136]. When assessing long-term outcomes, a smaller posterior corpus callosum
was demonstrated at 9-10 years of life in children with poorer motor skills deter-
mined by the Motor Assessment Battery for Children [137], and an abnormal FA
may be seen after moderate HIE well into adolescence. The lower FA in the internal
capsule and corpus callosum was demonstrated even in those adolescents considered
to have normal development, suggesting that asymptomatic children may still have
smaller, fewer, more poorly organized, and less myelinated axons than children who
did not have a hypoxic injury at birth [138].

Outside of clinical research protocols, there is currently inadequate data to
support routine post-discharge neuroimaging for follow-up of the high-risk infant.
The lack of data, however, should not be equated with lack of value. It is clear from
studies in infants after HIE that cerebral metabolism remains abnormal for more
than 7 months after injury [99, 139] and that infants with more prolonged neuroim-
aging changes are at higher risk for abnormal neurological outcome than those that
resolve earlier in life [31, 32]. Motor deterioration can be seen between 12 and
30 months after HIE [93], and microcephaly may be delayed in HIE more than
12 months [140]. All of this suggests that obtaining neuroimaging after a year of
life, when the brain has reached a more adultlike structural state, could potentially
provide valuable information regarding a child’s neurodevelopmental prognosis.
The benefits of obtaining images later in life would need to be weighed against the
imaging risks as well as the increasing prognostic value of physical exams as the
child ages.

Regardless of their neonatal course, children with global developmental delay
may benefit from neuroimaging, as MRI may contribute to etiologic diagnoses in up
to 65% of children with global developmental delay. Clinicians should, therefore,
consider MRI in children with global delay, especially if they have either had early
negative brain imaging or no imaging performed [141].
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Conclusion

Currently, the predictive capabilities of neuroimaging for high-risk infants do not
adequately allow for either the exclusion of infants from structured follow-up or the
selection for additional therapies. Additionally, the most predictive imaging is per-
formed after the acute phase of illness, making it ineffective for counseling parents
on limitations of care or withdrawal of support. The main remaining benefit is that of
providing parents with a risk-adjusted estimate of developmental outcome, some-
thing that has been suggested by families and physicians to be of questionable benefit
and potentially emotionally harmful [142, 143]. Therein lies the largest gap in the
research surrounding neonatal neuroimaging: we have repeatedly described the
outcomes of these infants through US, MRI, MRS, CT, and others, but have done a
poor job of completing the truly meaningful research of finding ways to utilize the
neuroimaging results to improve outcomes.
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Social-Emotional Development

in Early Childhood: Normative, NICU
Considerations, and Application in NICU
Follow-Up Programs for At-Risk Infants
and Their Families

Robin H. Adair

Abstract Experienced NICU clinicians are familiar with the dramatic change in
social interactions seen in their newborn patients as premature infants progress
toward their due dates or near- or full-term infants progress from acute illness to
recovery. The interactions gradually increase in frequency and become more sophis-
ticated as the infant matures and/or stabilizes. Talking to the infant evolves from
minimal to encouraging to fun, while the infant’s ability to respond evolves from
minimal to aware to engaging. These changes—both infant and caregiver—are both
cause and effect of the infant’s social-emotional development.

Social-emotional development is a relatively new term for what has historically been
referred to as infant mental health. In 2001, Zero to Three, an international organiza-
tion dedicated to science and policy in support of early childhood development,
convened a multi-professional steering committee charged with defining “infant
mental health.” The resulting definition became widely accepted:

Infant Mental Health is the developing capacity of the child from birth to three to: experi-
ence, regulate, and express emotions; form close interpersonal relationships; and explore
the environment and learn - all in the context of family, community and cultural expecta-
tions for young children. Infant mental health is synonymous with healthy social and emo-
tional development. (Zero to Three, 2001; from Zeanah PD, Stafford BS, Nagle GA, Rice
T. Addressing Social-Emotional Development and Infant Mental Health in Early Childhood
Systems, National Center for Infant and Early Childhood Health Policy, January 2005;
http://files.eric.ed.gov/fulltext/ED496853.pdf)

More recently, in its web-based parenting resource, “Tips for Promoting Social-
Emotional Development,” Zero to Three states:
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Social-emotional wellness is often known as infant mental health by early childhood
professionals. In a nutshell, it is developing the capacity to experience and regulate emo-
tions, form secure relationships, and explore and learn. (https://www.zerotothree.org/
resources/225-tips-for-promoting-social-emotional-development)

Social-Emotional Development in the First Year of Life

Foundations of an infant’s social-emotional development have been well described
by many well-known child development scholars. Key tenets of these theorists are
the roles of temperament and sensorimotor interactions of the infant and their inter-
play while important trusting relationships are developing, listed below and illus-
trated online (web addresses provided in Appendix 1).

According to Erik Erikson’s theory of psychosocial development (Appendix 1,
Reference 1), a primary goal of the first year of life is to establish trust that the
world, in the form of the infant’s caregivers, will safely and adequately meet the
infant’s needs. According to Sigmund Freud (Appendix 1, Reference 1), that
specifically includes satisfying the infant’s oral needs, nutritive and
nonnutritive.

According to Jean Piaget’s theory of cognitive development (Appendix 1,
Reference 1), the first year of life is steeped in making sense of sensations, inter-
nal and environmental, and bodily movements, both random (nondirected) and
intentional.

According to John Bowlby who developed the theory of attachment, and Mary
Ainsworth, who built on his work (Appendix 1, Reference 1), an emerging goal
at the end of the first year of life is infant attachment to one or more caregivers.
The theory was confirmed using Ainsworth’s research paradigm, the “Strange
Situation,” in which a child’s reactions to the coming and going of both a friendly
stranger and their parent is classified. Secure attachment frees the infant to com-
fortably explore his/her environment while feeling confident he/she can return to
a safe home-base (caregiver) when reassurance is needed.

According to Stella Chess and Alexander Thomas (with Herbert Birch; Appendix
1, Reference 2), each newborn arrives with nine innate temperamental traits that
influence how he/she behaves, particularly to novel stimulation. These traits are
activity, distractibility, persistence, sensory threshold (to trigger a response),
intensity (of response), approach/withdrawal, mood (general, not “at the
moment”), adaptability, and regularity. Each trait ranges from low to high. While
three temperament profiles are recognized (easy, difficult, and slow to warm-up)
and certain trait directions can be more challenging for others (e.g., a highly
persistent child), no trait direction is regarded as consistently good or bad.
“Goodness of fit” between a child and his/her caregivers was also conceptualized
by Chess and Thomas and is regarded as critical to the emotional development of
the child, regardless of the child’s temperamental profile.
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A child’s capacity to develop is highly dependent on one-on-one interactions
with caregivers. The child-caregiver pair is referred to as a “dyad” in early child-
hood development literature, and interactions between them are called dyadic.
Dyadic interactions are viewed as crucial to the infant’s social-emotional develop-
ment. “Responsive parenting” training was shown to improve parent responsiveness
as well as early social-emotional development measures, particularly for very low
birth weight infants [1]. Breakdowns in significant dyadic relationships in the first
year of life contribute to distrust according to Erikson and problematic attachment
(ambivalent insecure, avoidant/resistant insecure, and disorganized insecure)
according to Ainsworth.

“Mutual regulation,” a type of interaction found within the normative dyad in the
first year of life, was characterized by the research of Edward Tronick using the
“Still Face” paradigm (Appendix 1, reference 3). In this research setting, the care-
giver (typically the mother) is asked to interact face-to-face with their infant,
abruptly stop interacting and continue to look at their infant expressionlessly, and
then resume interacting. The parent’s change in behavior elicits a range of behaviors
in the infant, demonstrating the dynamic exchange of verbal cues and facial expres-
sions, as well as other nonverbal communication, between a child and caregiver
used to modify one another’s behaviors. This exchange is a cornerstone to healthy
social-emotional development and clearly depends on contributions from both the
infant and caregiver.

A powerful, positive caregiver trait for promoting a young child’s social-
emotional development is “mentalization,” promulgated by Peter Fonagy and
Anthony Bateman (Appendix 1, Reference 4). When using mentalization, the care-
giver is attuned to the mind, or perspective, of the infant/child and aware of and
responsive to the child’s interests and emotions in the moment. A related concept,
“reflective functioning” of the caregiver, calls for the caregiver to remain separate
from the child. An example of a parent using mentalization and reflective function-
ing would be a parent who calmly says to their mildly-injured, crying child, “I can
tell it hurts! But it will be better soon.” A parental response of “Calm down, what’s
the big deal?” would be under-mentalized. A parental response of “OH MY, this is
awful! Come here! I can’t believe this happened!” would likely be inadequately
separated.

A long-term outcome of an individual’s social-emotional development in early
childhood is self-regulation, the internal ability to stay emotionally and behaviorally
in control of oneself, in culturally appropriate ways, despite distractions, impulses,
distress, and other strong influences, both positive and negative [2]. In early child-
hood, self-regulation is a preferred synonym for self-control. Attributes in older chil-
dren and adults that would fall into this skill domain are attention, impulse control,
and mood stability. Mental health disorders, such as attention deficit hyperactivity
disorder, internalizing disorders (e.g., depression, anxiety), and learning disorders
have been associated with both high-risk newborn medical status (e.g., very preterm
birth; [3]) and adverse early childhood social risk factors and are discussed elsewhere
in this book.
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Development and Social-Emotional Support in the NICU

As NICU medical interventions advanced, it became increasingly evident that
developmental supports should be part of infant care. An understanding of the
developmental status of the infant in the NICU is a prerequisite of the crafting of
both developmental and social-emotional interventions in the nursery.

The prematurely born infant’s successful coordination of sucking, swallowing,
and breathing while feeding emerges around 34 weeks corrected gestational age [4],
soon followed by successful weight gain and temperature control without increased
ambient temperature. Such physiological stability, or lack thereof, is fairly easy to
measure, directly as well as by observing the diminishing need for support from
nurses and parents.

A prematurely born infant’s abilities to process sound, sight, touch, and other
sensations also become more reliable after 34 weeks corrected gestational age.
Startling to sound becomes listening; winces and foggy gazes become visual fixation
and then tracking. The infant’s developing ability to “organize” him-/herself in
response to stimulation results in less crying and quicker recovery from distress.

One example of developmental support in the NICU is kangaroo mother care
(skin-to-skin contact between mother and infant with frequent breastfeeding) for
low birth weight infants. It emerged in the 1970s when standard care involved iso-
lating the infants from infectious contaminants using isolettes and limited family
visiting policies. A 2016 Cochrane review examined 21 studies that included 3042
infants and concluded that, for stabilized low birth weight infants, kangaroo mother
care was preferable to conventional neonatal care, mainly in low-resource settings
[5]. Research has shown that briefer periods of skin-to-skin holding of an infant by
either the mother or father conveys benefits in the NICU such as promoting parental
attachment, decreasing stress, and increasing breast milk volumes [6].

“Developmental care,” a structured approach to NICU nursing care, has become
a routine part of many NICU nursing protocols and forms the foundation for social-
emotional well-being of the infant. It was introduced by Heidelise Als in the 1990s
as the Neonatal Individualized Developmental Care and Assessment Program
(NIDCAP). It calls for nursing observation of infant cues and developing a care plan
that includes “decreasing noxious stimuli, containing the infant in a snug and secure
position, performing care activities according to a schedule and allowing the infant
time for uninterrupted rest and sleep.” Research on NIDCAP and other forms of
developmental care has shown variable results [7].

Applying Knowledge of Social-Emotional Development
in the NICU Follow-Up Setting

Recognizing that “emotional, behavioral, and relationship problems can develop in
very young children, especially those living in high-risk families and communities,”
the American Academy of Pediatrics recently released a Policy Statement, “Addressing



Social-Emotional Development in Early Childhood: Normative, NICU Considerations... 93

Early Childhood Emotional and Behavioral Problems” [8]. It summarizes empirically
supported treatments for children of all ages. Regarding infants and toddlers, the
statement advocates for treatments such as dyadic (child-caregiver) interventions to
promote attachment and/or child self-regulation. This comprehensive statement also
addresses systematic barriers to interventions and offers recommendations.

While NICU follow-up programs have not historically been identified sites for early
identification of these concerns, applying what is now known about social-emotional
development is feasible, and fundamental aspects of established interventions can be
integrated in the follow-up clinic. The following specifics are suggested.

Role Model

» Utilize mentalization and reflective functioning when speaking with parents and
other caregivers.

— This means keeping in mind the parent/caregiver(s) may be anxious, defensive,
depressed, or otherwise unable to report or listen accurately, or not. Your job is
to “get aread” on the state of the caregiver and adjust your interactions to meet
their state.

— At the same time, maintain a separation from the parent/caregiver(s), making
it possible to objectively make observations and conduct assessments.

“Give the Child a Voice”

» Utilize mentalization and reflective functioning when interacting with the child,
regardless of his/her age, to help parents understand what the child is probably
experiencing. Periodically throughout the visit:

— Speak for the child (e.g., “I don’t know, Mom, I'm not sure I like this person.”)

— State what you think the child could be thinking or feeling (e.g., “You don’t
want me to listen to your heart. I’'m sorry, I will be quick.”)

— Point out something you think will interest the child (e.g. “What do you think
of this toy?”)

Narrate

e Comment on what you are seeing for the benefit of the parent/caregiver(s):

— Point out (preferably with a smile) “good problems” that parallel likely experi-
ences the caregiver has at home (e.g., “I am glad he wants to check out my
stethoscope, even though it makes my job more difficult!”).

— Point out something appropriate the infant is doing in which you think the parent
will take pride (e.g., “I like how persistently she is working on that puzzle.”)
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Conclude with a Connection

e During the visit wrap-up, include relatable comments, whether clinical (e.g., ““Your
little one is a fighter.”) or mundane (e.g., about the weather), injected into the
specifics of your assessment and recommendations. Tell parents “what a pleasure
it is to see your baby.” Ask if the toddler gives high-5 (most do!). Make eye con-
tact and smile, maybe even shake hands.

See Appendix 2 for resources that can help caregivers as well as NICU follow-up
practitioners acquire a working knowledge of social-emotional development.

NICU follow-up clinicians interested in establishing more formal social-emotional
developmental care in their programs will find the “DC:0-5™: Diagnostic
Classification of Mental Health and Developmental Disorders of Infancy and Early
Childhood,” published in 2016, a useful reference. It provides evidence-based guid-
ance on systematically identifying clinical disorders (Axis I), relational context (Axis
II), physical health conditions and considerations (Axis III), psychosocial stressors
(Axis IV), and developmental competence (Axis V) [9].

Summary

Social-emotional development in early childhood, also referred to as infant mental
health, is now viewed as a developmental track, much in the way that language,
motor, cognitive (problem-solving), and other skill areas are viewed. Infants are
recognized as being born with innate traits that influence how they behave. For
high-risk infants hospitalized in the NICU, these innate traits, as well as their abili-
ties to engage with their environment, are generally not robust before 34 weeks
corrected gestational age or, in the case of the near- or full-term infant, until the
acute illness has stabilized. Developmental care nursing protocols exist for provid-
ing support to general and social-emotional development in the NICU environment.
NICU follow-up clinicians can apply concepts of social-emotional development,
such as psychosocial development, attachment, mutual regulation, and tempera-
ment, to inform their interactions with infants, young children, and caregivers in the
NICU follow-up setting.

Appendix 1: Online References

1. Background information can be found at https://www.verywell.com/child-
development-theories-2795068.

2. Their 1970 publication can be found at http://www.acamedia.info/sciences/sci-
literature/origin_of_personality.htm
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3. Background information and the classic mutual regulation video can be found at
http://scienceblogs.com/thoughtfulanimal/2010/10/18/ed-tronick-and-the-still-face/

4. Background information and application in psychopathology can be found at
https://www.mentalhelp.net/articles/attachment-theory-expanded-mentalization.

Appendix 2: Parent Resources

Zero To Three, Developing social-emotional skills (https://www.zerotothree.org/
resources/series/developing-social-emotional-skills).

American Academy of Pediatrics, Healthychildren.org, Ages & Stages (https:/
healthychildren.org/english/ages-stages/baby/Pages/default.aspx).

Your Baby is Speaking to You: A Visual Guide to the Amazing Behaviors of Your
Newborn and Growing Baby. A photograph-enriched book by Kevin Nugent
(New York: Houghton Mifflin Harcourt, 2011; www.hmhbooks.com).

You Are My World: How a Parent’s Love Shapes a Baby’s Mind. A small photo book
with short captions for parents, by Amy Hatkoff (New York: Stewart, Tabori &
Chang, 2007; www.stcbooks.com).

Handbook of Infant Mental Health, Third Edition. Edited by Charles Zeanah (New
York: Guilford, 2011; www.guilford.com), an in-depth guide for motivated
clinicians.
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Marie A. Clark and Nina Sand-Loud

Abstract This is the population that has been discussed most extensively in the
literature. This chapter will discuss the changing neurodevelopmental outcomes at
varying gestational age/birth weight over time as it relates to new interventions in
the NICU. Risk factors such as intraventricular hemorrhage and bronchopulmonary
dysplasia within this population are addressed.

Introduction

A wealth of literature exists elucidating the neurodevelopmental outcomes of pre-
mature infants. Continuous advances in care supported by this research have con-
tributed to the growing and changing nature of this population. This body of work
has also influenced our understanding of risk factors, such as intraventricular hem-
orrhage and bronchopulmonary dysplasia, and their impact on development.

Definitions

Prematurity has classically been divided into categories of risk based upon gesta-
tional age at birth. Infants born below 25 weeks are defined as extremely preterm,
<32 weeks as very preterm, between 32 and 34 weeks as moderately preterm, and
between 34 and 37 weeks as late preterm. The largest category, late preterm birth,
will be explored in detail in another chapter. Birth weight is another measure of risk,
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and categories have been developed based upon infants’ weight at birth. A birth
weight below <1000 g is specified as extremely low birth weight, <1500 g as very
low birth weight, and <2500 g as low birth weight. The use of these cut points in
research has proven useful in providing more specific information about risk factors
and outcomes for premature infants and about the differential impact of birth at
earlier gestational ages and lower birth weights.

Epidemiology

According to a systematic review conducted by the World Health Organization,
the approximate percentage of worldwide preterm birth was 9.6%, with most of
these births (85%) occurring in Africa and Asia [1]. The rate in the United States
is comparable to the worldwide figure, as the National Center for Health Statistics
reports that the preterm birth rate in 2015 was 9.62%, a slight increase from
9.57% in 2014 [2]. Overall, the trend in preterm birth has fallen since a peak in
2006. Rates within the United States vary by state and also by race and ethnicity,
with the highest rates in non-Hispanic black infants (13.39%) [2]. Preterm birth
is the most frequent cause of infant death in the United States. One third of infant
deaths can be attributed to prematurity [3]. Despite this association, the survival
rate of preterm infants has overall increased with time, and it is their particular
profile of risk for adverse neurodevelopmental outcomes that makes follow-up so
important for this population [4].

Premature infants are at risk for multiple adverse neurodevelopmental outcomes,
including cognitive, language, visual-perceptual, sensory, language, attention, and
learning problems. These infants account for a large proportion of the affected chil-
dren in each disability category: approximately 45% of children with cerebral palsy,
35% of children with vision impairment, and 25% of children with cognitive or
hearing impairment [5].

Extremely Preterm Infants

Several longitudinal studies have evaluated survivors of extremely preterm birth
over long periods of time to assess neurodevelopmental progress. In the EPICure
(Extremely Preterm Infant Cure) study, a cohort of 308 extremely preterm infants
born in the United Kingdom in 1995 were followed with developmental assess-
ments conducted at 30 months, 6 years, and 11 years of age [6-9]. At 30 months,
30% of the infants demonstrated delays (scores below 2 standard deviations from
the mean) on the Bayley Scales of Infant and Toddler Development (BSID). At that
time, 2% had severe vision impairment, 3% had significant hearing impairment,
and 10% had severe motor impairment. At 6 years of age, 22% of the children
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continued to have severe disabilities, 24% demonstrated a moderate level of dis-
ability, and 34% were characterized as having mild disabilities. At 11 years of age,
survivors were compared with controls born at term and were noted to have lower
test scores for cognitive ability, reading, and mathematics, as well as lower perfor-
mance ratings by their teachers [5, 8]. Overall, about 45% of extremely premature
infants in the study were characterized as having serious functional disability,
defined as the most severe impairment in measures of motor, cognitive, and neuro-
sensory impairments, compared with only 1% of matched controls [8]. Another
EPICure cohort was recruited in 2006, in order to compare outcomes with the
original cohort. Data thus far indicates that while survival rates have improved, the
pattern of major morbidity in the neonatal period and the proportion of survivors
affected remain unchanged [10].

A cohort of extremely low-birth-weight infants (<28 weeks or <1000 g) born
in 1997 in Victoria, Australia, were followed through 18 years of age [11].
Medical findings at 18 years of age include increasing small airway obstruction
demonstrated on spirometry compared to controls born at term and relatively
mild increase in systolic and diastolic blood pressures [12, 13]. Advances in
imaging have provided information about alterations in neurobiology that are
associated with adverse outcomes in this group of adolescents. For example,
investigators utilized diffusion and structural magnetic resonance imaging to
elucidate the corticospinal tract microstructure and found that the extremely
preterm group had alterations in microstructure that were associated with a
diagnosis of cerebral palsy [14]. Other deficits noted in adolescence in compari-
son with peers born at term include poorer executive functioning skills, signifi-
cantly worse visual acuity, and more problems with visual perception [15, 16].
Despite these limitations, it is reassuring that the survivors who reached age 18
reported a similar quality of life, self-esteem, and social and risk-taking behav-
iors as controls born at term [17].

A longitudinal study from a large urban center in Cleveland, Ohio, followed
a cohort of extremely low-birth-weight infants born between born 1992 and
1995 [18]. The Ohio study followed these infants to 14 years of age, at which
point they continued to show lower scores on cognitive tests and higher rates of
learning disabilities in math and need for special education compared with
control children [19]. Behavior problems also persisted within this cohort, with
higher parent ratings compared to controls for symptoms of inattentive atten-
tion deficit hyperactivity disorder (ADHD), anxiety, and social problems [20].
In addition, the extremely preterm boys in this group were more likely to be
bullied compared to peers born at term [21].

Other longitudinal studies bear out similar findings. There have been similar
results seen in studies of extremely low-birth-weight infants through the US National
Institute of Child Health and Human Development (NICHD) Neonatal Research
Network, which followed over 5000 extremely low-birth-weight infants born
between 1998 and 2001 [22]. Increasing rates of impairment were seen with decreasing
birth weight.
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Very Preterm Infants

Although the risk for neurodevelopmental disability decreases in the very preterm
population, survivors of very preterm birth have also shown evidence of neurodevel-
opmental deficits. The French EPIPAGE (Epidemiologique des Petites Ages
Gestationnels) study followed infants born in 1997 at gestational ages between 27
and 32 weeks. Of this cohort, 77% were examined at 5 years of age [23]. Among
members of the cohort, cerebral palsy was present in 9%. Survivors also demon-
strated higher rates of impaired cognitive function and severe bilateral vision
impairment compared with controls.

A meta-analysis of literature published between 1998 and 2008 reviewed the
developmental outcomes of very preterm (<33 weeks) and very-low-birth-weight
infants. Findings indicated that very preterm infants had more behavioral problems
(inattention), poorer executive function (verbal fluency, working memory, and cog-
nitive flexibility), and lower test scores in mathematics, reading, and spelling com-
pared with peers born at term [24]. These differences in academic achievement,
behavioral difficulties, and neurocognitive problems persisted through adulthood.

Moderately Preterm Infants

There has been increasing evidence of neurodevelopmental impairments even in
moderate to late preterm infants. In a retrospective study in Holland, 307 infants
who were born between 32 and 37 weeks were more likely to need special educa-
tion (7.7 vs. 2.8%), had a three-point lower IQ score, and were more likely to have
internalizing behavior and ADHD at 7-9 years of age [25]. In the Lollipop
(Longitudinal Preterm Outcome Project) study, preterm children born between
2002 and 2003 were evaluated. Preschool children born moderately preterm were
twice as likely to be developmentally delayed, compared with children born full
term [26]. At 7 years, those children born moderately preterm were found to have
worse performance on cognitive testing and neuropsychological functioning [27].

Emotional and Behavioral Impairment

All groups of lower-birth-weight infants have been found to have an increased
frequency of specific behavioral problems and psychological problems compared
with normal birth weight peers. These findings become more apparent as the
cohorts are followed over time. Problems include ADHD, general anxiety, depres-
sion, and poor social interaction [28-31]. In the aforementioned EPICure study,
children with extreme prematurity were more likely to have behavior problems at
6 years of age compared to those born full term based on reports by teachers and
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parents [32]. There also is an increased risk of autistic spectrum disorders in those
infants born with extremely low birth weights. In a follow-up assessment as part of
the EPICure study at 11 years of age, 7% of the children were diagnosed with an
autism spectrum disorder compared with none of the term controls [33]. Similar
behavior and psychological changes have been found in children and adults born
with very low birth weight [34, 35].

In summary, outcome studies at school age and adolescence have documented an
increased risk of neurodevelopmental disability with decreasing gestational age and
birth weight, although infants of any gestational age may have neurodevelopmental
deficits. For this reason, early assessment of neurodevelopmental function of survi-
vors of prematurity is essential.

Neonatal Complications

With advances in neonatal care, there has been a reduction in the likelihood of sig-
nificant complications of prematurity such as air leak and severe intraventricular
hemorrhage (IVH). However, preterm infants are at risk for multiple complications,
which may impact their developmental trajectory. It remains clear that infants with
lower gestational age, infants with white matter findings such as cystic periventricu-
lar leukomalacia (PVL), and those with severe intraventricular hemorrhage (IVH)
are at highest risk for severe disability [5]. Chronic lung disease and necrotizing
enterocolitis (NEC) are also predictors of poor developmental outcome [36, 37].
Other severe perinatal infections such as sepsis and meningitis are related to poorer
outcomes [38, 39]. There has also been impaired motor and cognitive performance
seen in those very preterm infants with poor postnatal growth [40]. We examine
some of these complications in more detail below.

Necrotizing Enterocolitis: Necrotizing enterocolitis (NEC) is a gastrointestinal
process which most commonly occurs in premature infants and involves infection
and necrosis of the intestinal mucosa. NEC can often be managed medically with
bowel rest and antibiotic therapy. Medically managed NEC does not seem to confer
additional risk to the child [41]. However, when NEC is more severe and surgery is
indicated, outcomes become much more grave for infants. Follow-up data indicate
that up to a third of patients die, 64% of patients experience late-onset sepsis, and
11% suffer white matter injury. Strictures and short bowel syndrome are also com-
mon in survivors. Surgical NEC is associated with an increased odds ratio of
impaired neurodevelopment at 18—-22 months [41-43]. Systematic reviews have also
indicated that worse disease is more highly associated with impairment [44, 45].

Bronchopulmonary Dysplasia: Bronchopulmonary dysplasia (BPD) is a chronic
lung disease which has been associated with increased morbidity and mortality in
preterm infants. BPD is currently associated with the process of disrupted lung
development leading to decreased surface area for gas exchange in the alveoli and
increased pulmonary resistance. The definition has evolved over the years with the
availability of surfactant and modification of ventilation strategies. Risk factors for
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BPD include birth at earlier gestational ages, antenatal infection such as chorioam-
nionitis, genetic susceptibility, and use of mechanical ventilation [46]. Despite
improvements in respiratory care over the years, infants with severe BPD remain at
an increased mortality risk, and those who survive are more likely suffer complica-
tions such as high rates of rehospitalization for respiratory disease, asthma-like dis-
ease, and pulmonary artery hypertension [47, 48]. Infants with BPD also are more
likely to have poorer neurodevelopmental outcomes. Rates of cerebral palsy are
higher in infants with BPD [49]. In addition, BPD is associated with lower scores in
intelligence testing, academic difficulties, delayed speech and language develop-
ment, impairment in visual-motor functioning, as well as behavioral problems [50].
Infants with the most severe lung disease may require placement of a tracheostomy.
Follow-up of this uniquely vulnerable population indicates that they are at an
increased risk of death or neurodevelopmental impairment, although this risk was
lower in infants who received their tracheostomies earlier [51].

Brain Injury: Intraventricular hemorrhage (IVH) and periventricular leukomalacia
(PVL) are important causes of brain injury in the preterm infant. IVH in preterm
infants results from hemorrhage originating in the germinal matrix, and severity is
defined by the extent of the hemorrhage. These bleeds are denoted by the Papile
Classification system: Grade 1 bleeds do not extend beyond the germinal matrix,
Grade II bleeds extend into the lateral ventricles without ventricular dilatation, Grade
III bleeds include ventricular dilatation, and Grade IV include infarction of the sur-
rounding periventricular white matter [52]. While it is well-understand that severe
bleeds (Grades III and I'V) are associated with neurodevelopmental impairment, recent
findings have elucidated that even preterm infants with isolated Grade I and II bleeds
have increased rates of moderate-severe neurosensory impairment [53, 54]. White
matter injury is another important mechanism of brain injury in the preterm infant.
Immature white matter in the preterm brain is damaged through hypoxia, ischemia,
and inflammation. The most severe version of white matter injury is the cystic form,
also known as cystic periventricular leukomalacia (PVL) [55]. Cranial ultrasound of
the preterm infant brain is able to detect cystic PVL injury, but brain MRI is necessary
for the more subtle findings of non-cystic white matter injury [56]. White matter injury
is correlated with impairments in motor development and cognition. More severe
white matter injury is associated with a greater risk of more severe deficits. Behavioral
deficits such as inattention and executive dysfunction have also been noted [57].

Sensory Impairments: Impairments in both hearing and vision are also risks of
premature birth. Preterm infants are more frequently associated with sensorineural
hearing loss. Although sensorineural hearing loss is multifactorial and may have a
genetic or infectious etiology, risk factors specific to the preterm infant include
perinatal complications and high and prolonged doses of ototoxic drugs such as
aminoglycoside antibiotics and furosemide [58]. Additional factors that impart risk
are need for ventilation, use of oxygen supplementation, respiratory failure, low
Apgar scores, acidosis, treatment for hypotension, patent ductus arteriosus ligation,
hyponatremia, and high levels of environmental noise [59]. One 30-year longitudinal
study found a permanent hearing loss rate of 3% (compared to the general popula-
tion rate of 0.01%), with a significant percentage of those presenting with delayed
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onset and progressive hearing loss [59]. Because of the incidence of hearing loss,
the Joint Committee on Infant Hearing issued a policy statement recommending
that neonates with an ICU stay >5 days or those with risk factors should receive
auditory brainstem response (ABR) testing [60].

Retinopathy of Prematurity: Retinopathy of prematurity (ROP) is a disease that
affects the immature vasculature in the eye of the preterm infant. ROP is defined by
anatomic location of disease, designated as Zones I, II, and III extending out in
concentric circles from the optic disk. The stages of ROP describe the abnormal
vascular response where the vascularized and avascular portions of the retina meet.
Immature vasculature is present at Stage 0. Stage 1 denotes the presence of a demar-
cation line separating the vascularized and unvascularized portions of the retina.
Stage 2 indicates a ridge at the demarcation line, and Stage 3 contains neovascular-
ization from the ridge to the vitreous matter. Progression to Stage 4 indicates partial
retinal detachment, and Stage 5 is total retinal detachment [61]. Plus disease is a
separate constellation of findings, which consists of increased venous dilatation and
arteriolar tortuosity of the posterior retinal vessels, iris vascular engorgement, rigid
pupil, and vitreous haze [61]. The rates of ROP, as well as its severity, increase in
preterm infants born at earlier gestational ages and lower birth weight. Other risk
factors include longer NICU stay, respiratory conditions, fetal hemorrhage, IVH,
and blood transfusion [62].

As a result of high rates of ROP, American Academy of Pediatrics (AAP) policy
recommends that infants born less than or equal to 1500 g or at 30 weeks gestational
age or lower or those with an unstable clinical course have retinal screening exami-
nations to detect ROP [63]. Treatment is initiated when infants have any of the fol-
lowing: any stage ROP with plus disease in Zone 1, Stage 3 ROP without plus
disease in Zone 1, Stage 2 or 3 ROP with plus disease in Zone II. Treatments for
ROP include retinal ablative therapy, intravitreal injection of anti-vascular endothe-
lial growth factor, or, more rarely, cryotherapy. Newer therapies such as retinal abla-
tive therapy have resulted in improved outcomes, but more advanced ROP continues
to have poor outcomes in visual acuity [64]. Long-term visual impairment in chil-
dren born prematurely may also be related to cerebral damage.

Improvement in Qutcomes

Interventions to improve outcome for premature infants have included changes in both
obstetrical and pediatric practices. Among the obstetrical factors has been the use of pre-
natal steroids and recommendations regarding the need to attempt to prevent late preterm
delivery. In caring for the newborn, there has been improved neonatal resuscitation, the
use of artificial surfactant, and changing recommendations in the use of postnatal ste-
roids, particularly the relatively recent admonition against the use of dexamethasone [65].
Coincident with changes in ventilation strategies has been a decrease in the risk-adjusted
mortality and bronchopulmonary dysplasia [66]. Improved nutritional strategies have led
to both better early head growth and improved scores on developmental testing [67].
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Infants who have experienced hypoxic-ischemic encephalopathy and those with
congenital anomalies are also at risk for neurodevelopmental challenges. These
groups will be discussed in detail in the following chapters.

In summary, there is an increased risk for neurodevelopmental disorders in all
groups of infants requiring neonatal intensive care. The risk of impairment increases
with decreasing gestational age and decreased weight and increasing medical com-
plexity. Disabilities include cognitive impairments, motor deficits including delays
in fine and gross motor skills, as well as cerebral palsy and hearing and vision impair-
ments. There is also an increased risk for specific psychological and behavioral
impairments, including ADHD, autism spectrum disorders, anxiety, and depression.
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Premature Infants: The Behavioral
Phenotype of the Preterm Survivor

Check for
updates

Paige Terrien Church, Rudaina Banihani, Maureen Luther,
Patricia Maddalena, and Elizabeth Asztalos

Abstract Approximately one of ten children was born preterm based on current
global estimates. While the outcomes of the preterm survivor are promising, with a
small fraction experiencing significant neurodevelopmental disability, many
children born preterm will experience subtle, discreet, and additive challenges that
can contribute to school challenges. This chapter describes the pattern of
neurodevelopmental outcomes for the child born preterm, now increasingly referred
to as the behavioral phenotype of prematurity. Awareness of this pattern is critical
for the practitioner following these children.

Introduction

A behavioral phenotype describes a cluster of behavioral, cognitive, motor, and
social strengths and difficulties seen in a population with a common biological
disorder [1]. This descriptor emphasizes the organic etiology of patterns of behav-
ior and neurodevelopment. The child surviving a preterm birth has a behavioral
phenotype with the common biological disorder being the atypical brain develop-
ment or dysmaturation (see etiology) [2, 3]. Given that the trend of preterm birth
continues to be one of increasing incidence with current global estimates at 11.1%
[4], understanding this cohort of children within this context is critical for identifi-
cation and support.
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In this review, we will describe the behavioral phenotype of prematurity, using
literature on the outcomes of prematurity and applying fundamental neurodevelop-
mental concepts. We will also review the biological underpinnings of the behavioral
phenotype of prematurity and the neurological dysmaturation that occurs as a result
of preterm delivery. We will present the spectrum of possible clinical presentations
of the behavioral phenotype of prematurity, with an emphasis on those that are more
prevalent. We will discuss the challenges with identification and management of the
features of the behavioral phenotype of prematurity, particularly as it relates to
school functioning.

Key Developmental Concepts

The World Health Organization (WHO) defines preterm birth as any infant that is
delivered prior to 37 weeks of gestation [5]. Traditional neonatal follow-up has
focused on those infants born less than 28 weeks, referred to as the extremely low
gestational age neonates (ELGANYS) or, for earlier literature, those infants born with
very (less than 1500 g, VLBW) or extremely low (less than 1000 g, ELBWs) birth
weight. There is increasing literature that the features of the behavioral phenotype
of prematurity are present in any child born preterm, with milder presentations for
those born closer to term and more significant presentations for those born increas-
ingly preterm [3, 6-8].

Normal behavior and development represent a spectrum ranging from expected or
normal to atypical or abnormal. This has been outlined by the Diagnostic and
Statistical Manual for Primary Care (DSM-PC) [9] and provides the context for
which one can consider the outcomes of the preterm survivor. On one end of the
spectrum is normal behavior or development, meaning that the child is following the
expected course and behaving in the expected manner for the child’s age. Shifting
away from completely expected but still within the normal range is variant behavior
or development, which describes those behavioral or developmental patterns that
parents may identify as concerning but remain within that which is developmentally
appropriate. Problem behavior or development describes a pattern that results in a
degree of dysfunction but is only observed in specific environments. It is not perva-
sive and does respond to environmental modifications. Lastly, disordered behavior
describes that which is pervasive and interferes with skill acquisition, causing con-
siderable dysfunction. These behaviors are observed in multiple settings and are not
as responsive to environmental modifications. The behavioral phenotype of prematu-
rity describes patterns of behavior and development that can be classified as normal,
variant, problem, or disordered [3].

In addition, behavior and development are the outward reflection of brain integ-
rity [10]. More significant injuries or greater degrees of dysmaturation within the
developing brain reflect overall a greater degree of insult; as a result, these tend to
be less survivable and less prevalent. The clinical manifestation of these more
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significant injuries is consistent with a greater degree of disability. Milder degrees
of injury/dysmaturation are more common as they are more likely to be survived
and the associated presentation is characterized by less challenge. Furthermore,
with greater degrees of injury, the likelihood of an isolated injury only affecting one
domain of development becomes far less [10].

Another core feature of developmental medicine is that of plasticity. The devel-
oping brain is highly adaptive and responsive to environmental stimulation, with the
concept “nature through nurture” replacing the age old debate of nature versus nur-
ture [11]. This responsiveness is both a blessing and a curse. It allows for the devel-
oping brain to be stimulated and nurtured and healthy growth to occur. It also,
however, leaves the brain vulnerable to negative inputs, including stress, inflamma-
tion, pain, toxins, and malnutrition [12-14]. Injurious events can have multiple
developmental trajectories, depending on the timing of the event, the nature of the
injury, and the recovery. Severe injury may be so widespread that there is no room
for plasticity or recovery. Mild and moderate injuries, however, may result in mini-
mal impact whatsoever, observable recovery, and/or the impact of injury manifest-
ing itself only after a period of apparent recovery. This has been called the “sleeper
effect,” with the injury becoming apparent as brain development proceeds and the
injured area, always there, becomes developmentally relevant [15].

While there may not currently be a cure for this neurological injury and its pat-
terns, an understanding of the principles of developmental medicine, the spectrum
of neuropathology and neuroplasticity, as well as the spectrum of neurodevelop-
mental outcomes is critical to truly comprehending these survivors and providing
them with support following discharge.

Traditional Outcomes of Prematurity

Traditionally, the focus of neonatal follow-up has been on those outcomes associ-
ated with significant morbidity, including cerebral palsy (CP), vision/hearing
impairment, and cognitive impairment. Cerebral palsy, vision/hearing impairment,
and cognitive impairment are often analyzed in the neonatal follow-up literature as
a composite outcome, described as neurodevelopmental impairment (NDI) [16].
The presence of any one or more of these outcomes results in the child being subse-
quently classified as having a NDI. While these outcomes represent highly variable
presentations and impacts on function, they are grouped according to the overarching
premise that these individual outcomes represent a significant, or major, morbidity
or disability.

In keeping with the concepts described above, however, these outcomes occur with
low prevalence and represent significant underlying brain injury/dysmaturation.
The incidence of these major morbidities ranges from 6 to 45% depending on the
gestational age studied, the era studied, and the specific outcome examined [16].
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Etiology of the Behavioral Phenotype of Prematurity

The common biological disorder underlying the behavioral phenotype of prematurity
appears to be cerebral dysmaturation [2, 17], with or without additional injury
[17-19], resulting in overall smaller brain volume [20]. The development of the brain
for a preterm infant varies from that of a term child in that there is an interruption of
normal neural development with the preterm birth. In addition, there is developmen-
tal susceptibility to stressors at a cell functional/structural level as well as at a mac-
roscopic level with a high potential for injury. Lastly, there are aberrant recovery
attempts [2, 3, 6, 17]. In addition to the microscopic and macroscopic changes in the
developing preterm brain, there is also aberrant sensory system development [21].
Normal sensory development is one characterized by an inter-redundant quality to
sensory development, with one stimulus experienced across multiple sensory sys-
tems simultaneously. This inter-redundant quality is theorized to be fundamental
in the development of selective attention and perceptual organization and is lost
with preterm birth [21]. Further to this, parenting is altered. The stress of a pre-
term birth is significant for parents, with prolonged separation and chronic stress
experienced [22]. These exposures have lingering impacts on how parents parent
and attachment [23].

While certainly the preterm survivor demonstrates remarkable neuroplasticity,
imaging of former preterms in adolescence continues to demonstrate qualitative
differences with altered connectivity appreciated and less white matter added, when
compared to term controls [24]. The end result is a complex and diffuse pattern of
dysmaturation [2]. The variability observed in outcomes relates to the varying
degree that neurodevelopment is impacted and the severity of the injury. This pat-
tern of the preterm brain development is now increasingly being referred to as
“encephalopathy of prematurity” or primary cerebral dysmaturation [2, 17] and is
the common biological thread for the preterm behavioral phenotype.

Behavioral Phenotype of Prematurity

The behavioral phenotype of prematurity is characterized by a spectrum of individual
expression, ranging from normal behavior, to variant behavior, to problem, and, at
times, disordered behavior [1, 3]. Much of the current data on outcomes of prema-
turity is based on the use of assessment tools geared to identification of disordered
behavior only and as a result may reflect an underestimation of the true impact of
challenge. The behavioral phenotype of prematurity is characterized by clusters of
challenges, with each challenge becoming an additive risk factor for school success
[3, 6, 25]; isolated challenge in only one domain is rare. The presentation tends to
follow an inverse relationship with gestational age, being more obvious in those at
the more immature gestations and less obvious in the late preterm [6-8].
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The use of the concept of a behavioral phenotype for discussion of children born
preterm has the advantage of encapsulating the myriad of outcomes in the context
of a spectrum and thereby better alerting providers, parents, and educators to the
potential for challenges. Caution, however, is warranted as the disadvantage is that
describing the behavioral phenotype of prematurity may be misinterpreted as an
inevitable end result [26]. Given how responsive the developing brain is to input,
awareness and intervention can hopefully lead to mitigation of the difficulties and
bolstering of the strengths [11, 12].

Cognitive Development and Learning

At the core of the behavioral phenotype of prematurity are splintered challenges
within cognition and learning. Cognition is an overarching term that describes the
child’s inherent tools that are available for learning and knowledge building but not
equivalent to intellect. Intellect is the body of knowledge and organic learning capac-
ity built with these tools [6]. Assessment of cognition reflects a trend but is not spe-
cifically linked to future intellectual abilities [27]. The lack of prediction of future
intelligence with early developmental assessments is partly due to the plasticity of
the brain and the potential for recovery [12] as well as the potential that the injury
will manifest with time and maturation [15]. It also is due to the limitations with
developmental testing in the infant and toddler years, which measures emerging
motor and then sensorimotor skills as a marker of neurological integrity. They are
not, however, specific to the higher-order processes associated with later learning
[6, 27]. With maturation, and increasingly discrete developmental domains, delinea-
tion of the cognitive delay can be better explored with a series of discrete assess-
ments rather than a broad overview assessment [28].

The most significant degree of impairment for learning associated with prema-
ture birth is that of intellectual disability (ID). ID generally refers to significant limi-
tations in one’s ability for mental capacity, problem-solving, adaptive skills, and
learning [29]. The measurement of intellect is reflected in the intellectual quotient
(IQ), which is a calculated score usually comparing the studied child to sampled
peers. While the definition of ID is variable, in general, for most neonatal follow-up
literature, ID reflects an 1Q of less than 70. The majority of preterm survivors have
average or borderline average IQs [6, 30, 31]. The likelihood of average to low aver-
age 1Q diminishes with decreasing gestational age; 75% at 25 weeks are likely to
have borderline to average IQ versus less than 50% of those at 23 weeks [31]. This
trend is also apparent in a comparison of the late preterm to term controls with the
late preterm having a greater likelihood of cognitive delay [7].

While the majority of preterm survivors do have average intellectual abilities,
they also have an increased risk for learning disabilities (traditionally defined as a
discrepancy between one’s intellectual abilities and school-based achievement)



116 P. T. Church et al.

[32, 33]. Studies have documented that children born preterm demonstrate lower
scores on measures of academic achievement and are more likely to be identified as
having additional educational resources allocated. Mathematics, reading, processing
speed, and working memory in particular appear to be areas of significant difficulty,
independent of cognitive abilities [33-35].

Behavioral Regulation

Hand in hand with learning capacity is one’s learning, social, and executive func-
tioning skills. For the preterm survivor, this includes challenges with self-regulation.
The definitions for self-regulation are variable, but it represents a pattern of adjust-
ing cognitive, social, and behavioral responses to best fit the social context [36].
Initially, regulation is provided externally through parents and, over time, becomes
an internalized skill [36].

Self-regulation is a challenge with an early presentation for the preterm survivor.
Initially, difficulties with excessive crying, sleep dysregulation, and feeding are
common presentations and appear to indicate future challenge with behavior [37, 38].
Early dysregulation also appears related to the deterioration of developmental out-
come measurements over time, with more dysregulated children demonstrating less
progress in the acquisition of milestones [39—41].

Executive Function and Attention

As the child matures, integral aspects of self-regulation include executive function
and attention, which, for the preterm infant, are challenges [42]. Executive function
describes one’s inhibitory control, problem-solving, and ability to do goal-directed
activities [43]. Executive function reflects the developing complex neural circuitry
between the prefrontal cortex, basal ganglia and thalamus, and cerebellum [44].
This circuitry develops later in gestation, with the prefrontal cortex developing lat-
est [44]; as a result, this network is highly vulnerable to aberrant development asso-
ciated with preterm birth. Clinically, the end result is one of executive dysfunction
for the child born preterm [45-48]. The dysfunction has been described as “global”
rather than limited to a specific aspect of executive function [45]. Executive dys-
function has also been found to persist into adolescence [48].

Similar neural circuitry and vulnerability exist for attentional regulation, which
is an aspect of executive function [41, 49]. Attention deficit hyperactive disorder
(ADHD) is classified by the Diagnostic Statistical Manual of Mental Disorders-5
(DSM-5) as a cluster of inattentive, hyperactive, or impulsive behaviors observed in
more than one setting for over 6 months [50]. There is extensive literature docu-
menting behaviors consistent with ADHD among the preterm. The preterm has been
found to be two to three times as likely to demonstrate disordered behavior as it
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relates to hyperactivity, conduct, and peer relationships at school age [42, 47, 51, 52].
Attention and cognition appear to be linked with those demonstrating weaker atten-
tion also demonstrating greater challenges achieving cognitive tasks [52]. Clinically,
these children can be driven to move and have difficulty sustaining attention and
persistence to task, which becomes an additive deficit as they are already facing
challenges in the mastery of various developmental tasks. They are easily distracted
and may be impulsive and hyperactive [3]. The deficits in attention, however, may
not relate to the traditional pathophysiology of traditional ADHD in the term child.
Studies on the preterm have documented specific deficits in response time and
visuospatial working memory, and these weaknesses appear to mediate the observed
inattention [53].

Critical to this discussion is the concept previously discussed of atypical behaviors
presenting within a spectrum ranging from variants to problems to disorders [9].
While many studies demonstrate behaviors consistent with ADHD, there may be
many more preterm survivors who present with problems maintaining attention.
These deficits, while not as pervasive as ADHD, can be equally challenging when
combined with other deficits, such as low average intellectual abilities, learning
problems, and executive dysfunction [3]. As with executive dysfunction, the chal-
lenges around weak attention appear to persist into adulthood [54].

Socio-emotional

The socio-emotional aspects of the behavioral phenotype of prematurity are gener-
ally characterized by social interest but difficulty with social inclusion/participa-
tion. These children have been referred to as demonstrating nomadic behavior,
tending to circle the periphery of the playground, preferring solitary play or adults
rather than peers [3, 55-57]. The etiology of the challenge for the preterm with
social navigation is unclear but may reflect a combination of factors including lan-
guage delays/difficulties with auditory processing, ADHD behaviors and poor
impulse control, nonverbal learning disability, and parental overprotection related to
vulnerable child syndrome [55-57].

In addition, the child born preterm has been reported to struggle with a greater
degree of anxiety and depression. They are noted to struggle with adaptive function-
ing compared with their term colleagues. Multiple risk factors have been identified,
including medical comorbidities, overall cognitive status with those demonstrating
delays struggling to a greater degree, degree of prematurity, and social risk [40, 55].

Autism Spectrum Disorder

Associated with the behavioral phenotype of prematurity are reports of an increased
possibility of autism spectrum disorder (ASD). ASD is a neurodevelopmental disabil-
ity characterized by restricted social skills, impaired communication, and the presence
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of atypical, repetitive behaviors [50]. Historically, the prevalence of ASD among
preterm children has been difficult to establish due to small populations studied, vary-
ing diagnostic tools, and confounding comorbidities such as visual impairment and
intellectual disability [58-61]. Despite these challenges, there have been several studies
that have established a prevalence between 7 and 8% [62, 63]. The prevalence appears
to be greater among those most preterm, occurring in 15% for those 23-24 weeks
gestation age (GA) and decreasing to 3.4% for those at 27 weeks GA. The children
with ASD were more likely to have comorbid diagnoses of ID [63].

While there is increasing evidence that children born preterm have a higher prev-
alence of ASD, there are features of the behavioral phenotype of prematurity that
can be erroneously attributed to ASD, including increased risk for vision impair-
ment, motor impairment, anxiety (particularly separation anxiety), delayed auditory
processing, and language delays [3]. Distinguishing these behavioral characteristics
from ASD can be challenging and underscores the benefit of a full neurodevelop-
mental assessment with Autism Diagnostic Observation Schedule, 2nd Edition
(ADOS-2) for confirmation.

Language

Language difficulties have been found to impact significantly on any child’s ability
to self-regulate [36], to integrate socially, and to perform optimally in the school
setting [64]. Early in childhood, the preterm survivor may demonstrate average
expressive language and average receptive language skills. As these children are
followed into the school years, however, there appears to be a discrepancy in lan-
guage abilities that develops between term children and preterm survivors [64, 65].
As with most other aspects of the behavioral phenotype of prematurity, splintered
skills are appreciated. Specific deficits appreciated include social pragmatics (how
language is used socially), complexity of language used and comprehended, phono-
logical processing, and syntax [64, 66, 67]. The more preterm the infant, the more
severe the deficits appreciated [68].

Clinically, this presents as language that tends to be simplified, with less elaborate
vocabulary and sentence structure. The child may take longer to process language,
thereby appearing disengaged or inattentive. Children born preterm may demonstrate
delays with social pragmatics of speech, not understanding social nuances. On the
playground, this can translate into significant social isolation, despite apparent social
Interest.

Auditory Processing

Linked to the use of language is the processing of it. For the preterm survivor, this
is an area of potential challenge. The incidence of hearing impairment (generally
defined as the need for amplification) is extremely low, less than 5% [16, 69, 70],
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and most ascribed to aberrant auditory nerve maturation, or auditory dys-synchrony.
In addition, preterm children appear to struggle to a greater degree with auditory
processing [71]. As with all other aspects of the behavioral phenotype of prematu-
rity, most outcomes captured in the literature reflect the most significant degree of
dysfunction/disorder, but there may be many more that struggle with hearing or
processing that do not meet criteria for a formal identification [3].

Clinically, what this looks like is the child born preterm taking longer to process
verbal instructions and demonstrating a greater degree of use of visual cues to com-
plete instructions. The children may withdraw socially as they are inefficient at
processing conversation and struggle to keep up with the pace of the conversation.
The children may demonstrate behaviors suggestive of ADHD as the hearing loss or
delayed processing may present with inconsistent and patchy hearing, creating dis-
tress or discomfort for the child. Quiet environments may result in apparent hearing,
and noisier environments lead to greater dysregulation due to perceived cacophony.
Careful consideration for hearing loss is warranted for any diagnosis of ADHD.
Identification and diagnosis require awareness and focused assessment.

Motor

There is a spectrum of outcomes possible within motor development of the preterm,
but the most significant is that of the neuromotor disability, cerebral palsy (CP). CP
is an “umbrella term covering a group of nonprogressive, but often changing, motor
impairment syndromes secondary to lesions or anomalies of the brain arising in the
early stages of its development” [72]. Generally, this outcome has remained stable
across the years of study, with 10-15% of survivors affected, depending on the
degree of prematurity [16, 69]. Of these affected children with CP, the majority are
ambulatory and demonstrate associated mild to moderate cognitive and behavioral
impacts [3, 73-75]. It is these comorbid cognitive, learning, and behavioral condi-
tions that disproportionately contribute to the child’s impaired function rather than
the motor impairment [3, 75].

More prevalent for the child born preterm is atypical and delayed motor develop-
ment. Early on, this is in the form of what has historically been referred to as tran-
sient dystonia of the preterm, affecting those under 2 years of age [76]. This is
characterized by abnormal muscle tone presenting progressively from the cephalad
to caudal trunk and symmetric distribution. On exam, there is proximal hypotonia,
extensor posturing, exaggerated primitive reflexes, and scapular retraction [77, 78].
Clinically, parents will report “irritability,” “jitteriness,” being “easy to startle,”
“stiff in handling,” and “very good at standing up” [3, 76]. The result of this presen-
tation is that of transient delays in motor skill acquisition, such as delayed indepen-
dent sitting, trunk rotation, reaching, manipulating objects, and potentially delayed
independent ambulation [79-81]. Dystonia is not predictive of CP but does signal
potential future neuromotor, cognitive, and/or behavioral difficulties [82, 83].

Even those preterm children whose neuromotor exam appears “normal” early on
in infancy have a greater probability of presenting with developmental coordination
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disorder (DCD) later in early childhood [84]. DCD is defined by the DSM-5 as a
neurodevelopmental disorder characterized by significant difficulty in the acquisi-
tion of functional motor skills which interferes with daily function and impacts on
school success and play [50]. The child born preterm faces six times greater possi-
bility of developing DCD, using the more stringent diagnostic criteria of performing
less successfully than 95% of the child’s peers on functional tasks [84]. Studies
demonstrate significant discrepancy in their manual dexterity, ball skills, and bal-
ance among preterm survivors free of cognitive or motor disability when compared
to term controls [85]. Clinically, this presents with greater difficulty mastering pat-
terns of motor activity such as mastering a bicycle, and the difficulty is resistant to
repetitive practice.

In addition, the preterm children demonstrate increased difficulty with visual pro-
cessing and visuomotor skills. Coordination and execution of simple tasks such as
writing letters is characterized by greater difficulty, in both how the letter is perceived
and written. Pencil pressure is often diminished resulting in barely perceptible output
or significantly exaggerated with the answer carved into the paper. Regardless, the
result is more effortful written output resulting in eventual oversimplification of the
written work, which often is not in keeping with the capacity of the child [3, 6].

Early Intervention, School Functioning, and Impact
of Environment

The preterm infant does face challenges but the developing brain is highly malleable
[11, 12]. In the spirit of nature through nurture [11], optimizing protective factors
such as minimizing neonatal morbidity [13] by improving primary caregiver educa-
tion level appear to be linked to promotion of healthier outcomes [14]. Furthermore,
while the literature on early intervention for the preterm population has been limited
by variable study designs and outcomes measured, it has been documented to
improve cognitive outcomes in the preschool years [11].

The effect of early intervention into the school years, however, seems not sus-
tained. The shift to school is a challenging time for the preterm child. Roberts et al.
evaluated the preterm child’s school readiness, including motor, cognitive, lan-
guage, social, and self-regulatory abilities, and demonstrated a consistent gap
between the preterm school child and the term classmate [25]. Prediction, however,
of these challenges is imprecise for the following reasons [28]. Composite assess-
ments of early development, such as those used in traditional neonatal follow-up
programs including the Bayley Scales of Infant Development, may identify a con-
cern but are inadequate to determine a specific future academic challenge [27].
More specific and discreet assessments have been identified as better at prediction
but may still fail to identify the complete profile due to the spectrum of presentation
from problem behaviors to disorders [3, 6]. Furthermore, these difficulties may not
have been measureable prior to school and not appreciated by traditional surveillance
programs [3, 25, 86].
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The impact of early intervention may be compromised by the lack of sustain-
ability in the educational system. For a positive intervention to be sustained, one
must be aware of the challenge and sustain the strategies that have been successful.
Awareness of prematurity may provide the necessary stimulus for further education
on the premature behavioral phenotype within the educational sector. Current litera-
ture, however, is limited and indicates inconsistent disclosure by parents of their
child’s medical history [87] and a lack of knowledge of the potential academic chal-
lenges for a preterm child among educators [88].

Conclusion

The behavioral phenotype of prematurity describes a spectrum of splintered skills in
the domains of cognition, motor, socio-emotional, behavioral, regulatory, and lan-
guage. It is not synonymous with describing every preterm child but encapsulates
the patterns that are often encountered in children born preterm, with multiple areas
of challenge potentially acting synergistically common. Underlying this phenotype
is a common etiology of dysmaturation, altered sensory development, as well as
altered parenting. Nonetheless, the environment offers opportunities for input and
enrichment.

The challenge is that these outcomes are not perceived by traditional neonatal
follow-up or society as disabling but do contribute to significant challenges in the
school years. Furthermore, most aspects of the behavioral phenotype of prematurity
arise in early school years, following discharge from neonatal follow-up and the
team that is most likely to be aware of the dysmaturation, impact on parenting, and
outcome literature. Compounding this is the lack of knowledge among educators to
identify and optimize outcomes. Thus, we are essential to providing care for these
children and their families. While the challenges represent problems, many are
highly responsive to intervention when offered early [3].
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The Late Preterm Infant

Katherine Steingass, Lindsay Bartram, and Anita Narayanan

Abstract Late preterm refers to infants born between 34 0/7 weeks and 36 6/7 weeks
gestational age. In 2005, the National Institute of Child Health and Human
Development introduced this nomenclature to replace the previous descriptor “near
term” to more accurately categorize this group as preterm and at risk for requiring
specialized care and monitoring. Late preterm infants are often comparable in birth
weight and appearance to term infants and may be in the well-baby nursery or with
their mother after birth, but they are physiologically immature in a number of domains
rendering them medically vulnerable in comparison to term infants. While late pre-
term birth does not carry nearly as high a risk of severe neonatal morbidities and
neurodevelopmental impairment as very preterm birth, this is a population at risk for
early medical complications and later developmental and behavioral difficulties.

An infant girl was born at 35 weeks gestation weighing 2600 g. Labor was induced
preterm due to maternal preeclampsia. The infant did not require admission to the
neonatal intensive care unit (NICU) but remained hospitalized in the nursery for 4
days due to hyperbilirubinemia requiring phototherapy. The infant is breastfed but
did receive a supplemental formula feed due to hypoglycemia. During preparations
for discharge, the parents ask if their infant is considered a “preemie” and if any
special monitoring or follow-up is needed.

In 2005, the National Institute of Child Health and Human Development
introduced the nomenclature “late preterm” to replace the previous descriptor “near
term” to more accurately categorize this group as preterm and at risk for requiring
specialized care and monitoring [1]. They defined late preterm as births occurring
between 34 0/7 weeks and 36 6/7 weeks gestational age (GA). The American
Academy of Pediatrics (AAP) and the American College of Obstetricians and
Gynecologists also use late preterm to describe infants born between 34 0/7 and 36
6/7 weeks GA [2], while the World Health Organization categorizes infants born
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from 32 to <37 weeks GA as moderate to late preterm [3]. In this chapter, late preterm
(LPT) is used to refer to information and studies pertaining to infants born between
34 0/7 and 36 6/7 weeks gestation. Moderate to late preterm (MLPT) is used when
studies included infants born between 32 0/7 and 36 6/7 weeks gestation.

The final weeks of gestation are a critical period of growth and development of
the brain and other organ systems. At 34 weeks gestation, the brain’s volume is only
65% of its volume at term, and cortical volume is approximately half the volume it
will be at 40 weeks [4]. In addition to increasing in volume, multiple maturational
processes in the brain such as synaptogenesis and myelination are ongoing during
this time. Late preterm birth may interrupt these neurologic processes with the tran-
sition from the intrauterine to extrauterine environment [5]. Late preterm infants are
often comparable in birth weight and appearance to term infants and may be in the
well-baby nursery or with their mother after birth, but they are physiologically
immature in a number of domains rendering them medically vulnerable in comparison
to term infants [1, 6, 7].

Late preterm infants have increased neonatal morbidity and mortality compared
to term infants [1, 6, 7]. They are more likely to be admitted to the NICU and have
longer hospital stays [6]. While almost 80% of LPT infants have no significant neo-
natal complications, LPT infants are seven times more likely to experience morbidi-
ties than term infants [8]. Late preterm birth is also a significant risk factor for
hospital readmission in the neonatal period, especially if infants are discharged
early from the birth hospitalization (<48 h) [6, 9]. Failure to account for the increased
risk for complications such as hyperbilirubinemia and dehydration and treating LPT
infants similar to term infants may be a factor in the risk for readmission. The risk
for medical complications in LPT infants might best be considered as “intermediate
risk” between very preterm and term infants.

Multiple studies suggest increased rates of adverse developmental and behavioral
outcomes for children born LPT although the literature is quite variable. The
disorders seen in this population tend not to be severe disabilities (e.g., intellectual
disability), but children may have more mild deficits in multiple areas such as
academic difficulties and behavior problems [7, 10]. Similar to neonatal medical
complications, children born LPT are likely best considered as at “intermediate risk”
for adverse developmental outcomes. Indeed, studies assessing outcomes for
individuals born across the full range of GA indicate a continuum of increasing risk
with decreasing GA rather than a threshold effect [11-13].

While LPT infants are increasingly being recognized as a population at risk,
their outcomes have not been studied as extensively or as systematically as very
preterm infants. Many of the studies on outcomes past the neonatal period are ret-
rospective in nature [10]. A note of caution in considering reports on developmen-
tal and behavioral outcomes for children born late preterm is that many studies
have not accounted for neonatal morbidities or need for NICU care making it
difficult to determine the risk for healthy LPT children who did not require special-
ized care [7, 10]. Another complicating factor is that many LPT births occur due to
medical indications for early delivery such as maternal diabetes, preeclampsia,
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intrauterine growth restriction (IUGR), and chorioamnionitis which may adversely
affect neurodevelopment apart from the early delivery [6, 7]. Additionally, some
studies have included both moderate and late preterm infants, and results may not
be generalizable to all LPT infants.

Although the absolute risk for serious complications and severe adverse long-term
outcomes in LPT infants is low, a much higher number of infants are born LPT than
very preterm making this a significant public health issue [7]. Late preterm birth is
associated with greater healthcare costs than term delivery [9]. In 2013, LPT births
accounted for 8% of all births in the United States and 70% of all preterm births
[14]. Thus, LPT birth likely accounts for a substantial portion of the total costs
associated with prematurity [6]. Additionally, in a large, population-based study,
almost three-quarters of the total long-term disability associated with prematurity
occurred in individuals born MLPT [13].

The 2012 AAP policy statement Hospital Discharge of the High-risk Neonate
recommends periodic developmental evaluation to identify children with devel-
opmental delays and to facilitate referrals to early intervention services [15].
Many NICUs, especially those in tertiary care centers, have specialized follow-
up programs. However, no standardized guidelines exist for follow-up, and
there is significant variability between programs (data presented at 2015 Society
for Developmental and Behavioral Pediatrics Annual Meeting). A 2004 report
described evidence supporting the importance of monitoring and studying the
neurodevelopmental outcomes of high-risk infants and provided objectives for
follow-up programs and research studies. This report focused on very preterm
infants and those with specific perinatal problems, but it does provide some
guidance on collaboration with community physicians which is applicable to
follow-up care of LPT infants [15].

Late preterm infants are often not followed in NICU follow-up programs. In a
2014 survey of North American NICU follow-up program directors, the mean maxi-
mum GA accepted in NICU follow-up programs was 33.1 weeks, and the mean
maximum birth weight was 1782 g (data presented at 2015 Society for Developmental
and Behavioral Pediatrics Annual Meeting). Given the numbers of infants born LPT,
it is not feasible for most NICU follow-up programs to follow all LPT infants. Thus,
much of the follow-up care for this population will occur within the medical home.
Primary care physicians should perform routine developmental surveillance and
screening in LPT infants as in all children while keeping in mind that these children
are at increased risk compared to those born at term.

Specialized NICU follow-up programs can play an important role in educating
community medical and early intervention providers regarding the needs of this popu-
lation as well as providing consultation to primary care providers regarding individual
infants in their practices. Some LPT infants who are identified as being at particularly
high risk for adverse neurodevelopmental outcomes will benefit from referral to a
specialized NICU follow-up program. Follow-up programs can also work with NICU
and nursery discharge planners to ensure that parents of LPT infants receive appropriate
education regarding their infant’s risks and follow-up needs.
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Medical Issues in the Late Preterm Infant

Feeding and Growth
Challenges of Feeding the Late Preterm Infant

The risks of feeding problems are significantly higher in LPT compared to term
infants [16]. The sucking ability that allows for sufficient intake for growth begins
to develop at 34 weeks. However, LPT infants have immature oro-buccal
coordination and swallowing mechanisms that interfere with the establishment and
maintenance of adequate oral feeds. In addition to the oral-motor difficulties,
cardiorespiratory instability and poor suck-swallow-breathe coordination can place
LPT infants at risk for fatiguing easily during feeding leading to inadequate caloric
intake [17, 18]. The oral-motor skills needed for feeding improve between 35 and
38 weeks as the nervous system matures [19].

Feeding difficulties can contribute to problems with dehydration, hypoglycemia,
and hyperbilirubinemia in the neonatal period. Late preterm infants are more likely
to develop hypoglycemia compared to term infants due to reduced glycogen stores
and deficient activity of enzymes involved in glucose regulation [16, 20]. Decreasing
GA and birth weight are associated with an increasing risk of needing nutritional
support (e.g., total parental nutrition, intravenous fluids, oral-gastric feeding) in the
neonatal period [21]. Late preterm infants should demonstrate at least 24 h of suc-
cessful feeding prior to discharge to reduce the risk of readmission [6].

Breastfeeding and the LPT Infant

Breast milk is important to the LPT infant as the best form of nutrition to support
brain development and growth [22]. However, LPT infants often have difficulties
initiating and maintaining successful breastfeeding. Breastfeeding initiation rates
among LPT mother/infant dyads are less than that of term infants, as are rates of
exclusive breastfeeding at several months after birth [18].

There are multiple barriers to successful breastfeeding in the LPT population
including both infant and maternal factors. Immaturities in the infant’s oral-motor
skills for feeding can cause difficulties with latching, sucking, and transferring milk
[23]. Even LPT infants with no associated medical problems may fatigue easily and
have hypotonia, poor head control, and difficulties establishing a good latch [24].
Fatigue may be mistaken for satiety [17, 18]. Late preterm infants also tend to have
longer sleep intervals leading to decreased opportunities to nurse. In addition, LPT
infants are more likely to have metabolic disturbances such as hypoglycemia that
necessitate formula supplementation [18].

Maternal barriers to successful breastfeeding at any GA include type 1 diabetes,
obesity, cesarean section delivery, infections, multiple births, pregnancy-induced
hypertension, and medications used during the ante- and intrapartum periods [18, 23].
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Some of these issues may be more common in mothers of LPT infants as they can
contribute to preterm delivery. Maternal anxiety stemming from an early or traumatic
birth and the fragility of the preterm infant has also been cited as a contributor to
breastfeeding failure. Anxiety has been implicated in delaying lactogenesis, although
the mechanism for this is unclear [18, 23].

Lactogenesis may also be negatively affected due to decreased ability of the
infant to remove milk from the breast resulting in feedback inhibition, delayed
lactogenesis, and a downregulation of milk volume [19]. Maternal milk supply is
best established by the proximity of the mother and infant for frequent breastfeeding;
however LPT infants and their mothers may be separated immediately after birth for
medical interventions [18].

Neonatal intensive care unit admission in and of itself does not negatively affect
breastfeeding initiation in LPT infants. Admission to the NICU is associated with
higher rates of initiation and continuation of breastfeeding compared with care out-
side of a NICU. The positive effect of NICU admission may be partially due to
increased exposure to messages and educational interventions promoting breast-
feeding. Many NICUs have lactation consultants available which has been shown to
be effective in increasing breastfeeding rates [25].

If infants are not able to breastfeed well enough to establish the milk supply, use
of an electric grade pump may be needed to stimulate and increase milk production
[23]. Breastfeeding positions that provide head support, such as the football or
cross-cradle holds, will also help the LPT infant feed effectively. The head of the
LPT infant is heavy in relation to the weak neck musculature, and many traditional
breastfeeding positions allow the head to fall forward or backward interfering with
the infant’s ability to maintain an adequate latch on the breast [26].

The Academy of Breastfeeding Medicine in 2011 created a clinical protocol
on breastfeeding specific to LPT infants. The protocol recommends that mothers
use a combination of frequent skin-to-skin care, direct breastfeeding, and breast
milk expression with a hospital grade pump. Close observation of breastfeeding
in the hospital, specific discharge instructions, and early and frequent
post-discharge follow-up with a healthcare provider or lactation consultant are
also recommended [27].

Nursery and NICU discharge planning should include education of caregivers
regarding feeding and signs of dehydration and hyperbilirubinemia [6]. Late preterm
infants who are exclusively breastfed at hospital discharge are at risk for
rehospitalization secondary to dehydration and hyperbilirubinemia [18]. Follow-up
care providers, whether in primary care or NICU follow-up clinics, need to be aware
of the special breastfeeding needs of LPT infants. The first visit should occur within
2 days of discharge from the nursery, during which time a full history should be
obtained regarding breastfeeding and pumping, frequency and duration of feeds,
infant behaviors, urine and stool output, and weight. Late preterm infants should
have at least weekly follow-ups until they reach 40 weeks GA or until full
breastfeeding is established. The current recommendation for weight gain in LPT
infants as they approach 40 weeks is approximately 30 g per day [19].
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Later Feeding Difficulties

Little research has been done regarding feeding in MLPT children past infancy, but
one study suggests that these children continue to have increased rates of feeding
difficulties. In a study of 2-year-olds, those born LPT were at a 1.6 times increased
risk of feeding difficulties compared to term. This included problems with both
oral-motor skills and refusal/picky eating. Appropriately addressing early feeding
difficulties and providing anticipatory guidance to families may decrease the risk of
ongoing feeding problems [28].

Nutritional Requirements

Knowledge of nutritional requirements specific to MLPT infants is minimal and is
calculated based on extrapolating data from very preterm and term infants. Moderate-
to-late preterm infants have higher energy and protein requirements for growth com-
pared to term infants. In addition, stores of essential nutrients such as iron and other
minerals are acquired via transplacental transfer, a significant proportion of which
occurs during the third trimester of gestation. Moderate-to-late preterm infants are
born before this is complete and thus may require higher amounts of minerals
including calcium and phosphorus for bone mineralization postnatally [29].

Moderate and late preterm infants may also be at risk for iron deficiency [30].
Some authors have recommended that all MLPT infants receive multivitamins with
iron [23, 31]. A multicenter randomized controlled trial suggested benefit from iron
supplementation in MLPT infants up to age 1 year based on higher ferritin levels
compared to placebo [31].

Long-chain polyunsaturated fatty acids, especially docosahexaenoic acid, play a
key role in the development of the central nervous and visual systems. Stores of
these also primarily accumulate during the third trimester. Formulas containing
docosahexaenoic acid may improve developmental outcomes for MLPT infants
who are formula-fed [29].

Given that MLPT infants have nutritional requirements different from those of term
infants, breast milk or formula designed for term infants may not be sufficient to meet the
nutritional needs of some MLPT infants especially if they have low birth weight
(<2500 g), IUGR, or poor postnatal growth. These infants may benefit from supplemen-
tation with specialized preterm post-discharge formula which provides increased calories
and protein per ounce as well as higher amounts of specific vitamins and minerals (e.g.,
vitamin E, calcium, phosphorus, magnesium) [29]. Further research is needed to deter-
mine whether all MLPT infants need supplementation and for how long it is required.

Growth

Intrauterine growth restriction is common in MLPT infants which further increases
their risk for morbidity including poor postnatal growth. They also have higher rates
of breastfeeding failure and feeding difficulties which may contribute to later growth
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problems [32]. Late preterm infants are almost twice as likely term infants to have
gastroesophageal reflux and be prescribed medications for reflux by 2 years
corrected age [28]. Reflux may be associated with poor nutritional intake and
growth potential in this group.

It is widely known that growth problems are common in very preterm infants, but
growth has been less well researched in MLPT infants. These infants are born at the
time of peak in utero growth velocity, and some authors hypothesize that missing this
peak results in growth restraint at least during the first year of life [33]. Some studies
suggest an increased risk for postnatal growth problems in MLPT children, but the
evidence is inconclusive. Multiple investigations report that MLPT children are
smaller than term peers in early childhood (up to at least 18—24 months) [32-34].
However, studies have differed in regard to how quickly they catch up with some
showing ongoing growth restriction at age 3—4 years [33, 35] and others finding
growth comparable to term counterparts by this age [34]. Potential reasons for the
conflicting findings are the different GA ranges for the study groups (MLPT vs. LPT)
and the exclusion of infants born small for gestational age (SGA) in the study that
found no growth differences by age 4 years [34]. In the other studies, a history of SGA
correlated with later short stature or underweight status although children with birth
weights appropriate for GA were still more likely to exhibit growth restraint than term
peers in early childhood across studies [32, 33, 35].

Monitoring growth parameters and intervening to promote appropriate growth
when needed are important due to associations between physical growth and cogni-
tive development [36]. However, excessive catch-up growth should be avoided as
rapid weight gain as fat puts LPT infants at increased risk for central adiposity,
hyperinsulinemia, and metabolic syndrome as young adults [21].

Recommendations for Follow-Up Care

* Arrange for medical follow-up within 24-48 h of nursery discharge. In most
cases, follow-up should be with a primary care provider within a medical home.
Close follow-up is recommended until the infant demonstrates consistent, appro-
priate weight gain.

» Refer to a lactation specialist if the mother/infant dyad is having difficulty initiating
or maintaining breastfeeding.

» Refer infants who have persistent feeding difficulties to a speech or occupational
therapist for a feeding evaluation and therapy.

* Provide anticipatory guidance to families regarding infant feeding.

* Consider prescribing or recommending iron supplementation, especially for
infants who are breastfed.

* Consider recommending preterm discharge formula, especially for infants with
low birth weight (<2500 g), a history of [UGR, or poor postnatal growth.

*  Monitor growth within primary care.

* Consider referral of LPT infants with low birth weight or a history of IUGR or
with postnatal difficulties with weight gain to a NICU follow-up program that
includes a dietician.
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Hyperbilirubinemia

Hyperbilirubinemia is more common and more severe in LPT infants and has a
longer duration than in term infants [16, 20]. Late preterm infants are approximately
five times more likely to have jaundice requiring phototherapy compared to term,
and the risk increases with decreasing GA [20]. Risk of hyperbilirubinemia is even
further increased in moderate preterm infants [37]. Late preterm infants are more
also likely than term infants to have bilirubin-induced neurotoxicity including
kernicterus from severe hyperbilirubinemia [38, 39].

Similar processes are involved in the development of hyperbilirubinemia in term
and preterm infants. However, MLPT infants have increased bilirubin production
due to a shortened red blood cell life span and decreased bilirubin conjugation due
to immaturity of liver enzymes [39]. Breastfeeding and other feeding difficulties in
these infants can lead to decreased intake resulting in increased enterohepatic circu-
lation and decreased elimination of bilirubin [39, 40]. Factors contributing to the
increased risk of kernicterus in preterm infants are thought to include low serum
albumin with decreased bilirubin-binding capacity and possibly increased permea-
bility of the central nervous system to bilirubin due to immaturity of the blood-brain
barrier. Medical complications such as hypoxemia and infection can further decrease
bilirubin-binding capacity and increase CNS permeability [39].

In 2009, the AAP published an update and clarification to the 2004 guidelines for
the management of hyperbilirubinemia in infants born at >35 weeks gestation. The
update recommends assessing both a prehospital discharge bilirubin level (serum or
transcutaneous) and clinical risk factors to predict the likelihood of subsequent
hyperbilirubinemia. The clinical risk factors that are most predictive of hyperbiliru-
binemia are lower GA and exclusive breastfeeding. Nomograms are available to
guide initiation of treatment with phototherapy and exchange transfusion based on
an infant’s age in hours, total bilirubin level, and level of risk [41].

Treatment of hyperbilirubinemia in the LPT infant (>35 weeks) is similar to
treatment of term infants although the threshold for initiating treatment is lower
based on the nomogram [41]. Treatment may include phototherapy, hydration, and,
in extreme cases, exchange transfusion. The Academy of Breastfeeding Medicine
(ABM) clinical protocol guidelines for the management of jaundice in the breast-
feeding infant >35 weeks gestation endorses that all modes of treatment of hyper-
bilirubinemia are compatible with breastfeeding and breastfeeding should be
encouraged. Supplementation of breastfeeding with cow’s milk-based or hydrolyzed
protein formulas has been shown to inhibit the intestinal absorption of bilirubin;
therefore supplementation of breastfeeding with small amounts of infant formula
can be used to lower bilirubin levels in breastfed infants [40].

Limited evidence is available regarding management of hyperbilirubinemia in
infants <35 weeks gestation, but a consensus-based report published in 2012 pro-
vides suggested thresholds for initiation of phototherapy and exchange transfusion
based on GA [42].

Hyperbilirubinemia accounts for a significant proportion of early hospital read-
mission (<14 days after birth) in LPT infants [43]. Measures that may reduce the
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risk of readmission include avoidance of early discharge <48 h after birth, appropriate
discharge education for caregivers, and close outpatient follow-up [6, 41].

Recommendations for Follow-Up Care

* Consider MLPT infants at increased risk for hyperbilirubinemia and secondary
neurologic sequelae.

e Arrange for outpatient follow-up within 2 days if discharged at less than 72 h
after birth.

e Consider follow-up measurement of total serum or transcutaneous bilirubin level
depending on bilirubin risk zone at discharge and other risk factors for
hyperbilirubinemia.

Respiratory

Moderate-to-late preterm infants have increased rates of respiratory morbidity in
the neonatal period including respiratory distress syndrome (RDS), transient tachy-
pnea of the newborn (TTN), persistent pulmonary hypertension, and pneumonia
[16, 20, 44]. These may result in need for respiratory support and NICU admission.
A systematic review found that LPT infants were approximately 17 times more
likely to experience RDS than term infants and were also significantly more likely
to require mechanical ventilation [20].

Immaturities of the respiratory system in LPT infants lead to vulnerability to
short- and long-term respiratory morbidities [7]. Moderate-to-late preterm infants
are born during the saccular stage of lung development (28-36 weeks) [45]. During
the third trimester, the number of bronchi and alveoli in the lungs increases, capil-
laries develop, and surfactant is produced [44]. At 34 weeks gestation, the total lung
volume is less than half its volume when mature, and mature alveoli may not be
present until 36 weeks [7, 45]. After LPT birth, the immature lung may have inad-
equate surfactant, poor gas exchange, and decreased intrapulmonary fluid absorp-
tion leading to RDS and TTN [44]. Pregnancy and perinatal complications such as
maternal diabetes can also contribute to respiratory morbidities [7].

Late preterm infants are at increased risk of apnea of prematurity due to immatu-
rity of the respiratory control centers in the brainstem [6]. In a systematic review,
the relative risk for apnea of prematurity was 15.7 in LPT infants compared to term
[20]. While in most cases, infants with apnea of prematurity will remain hospital-
ized until they demonstrate respiratory maturity, home apnea monitoring may be a
reason an infant is referred to a specialized NICU follow-up program [15].

Late preterm infants may be at increased risk for cardiorespiratory compromise
when placed in the semi-reclined position in car seats due to their relative hypotonia
and small size as most car safety seats are designated for infants weighing more
than 4 or 5 1b. The AAP recommends that all infants born at <37 weeks gestation be
monitored in their own car safety seat for a period of 90-120 min or the duration of
the car ride home, whichever is longer, prior to discharge from hospital to observe
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for apnea, bradycardia, or oxygen desaturation. Infants who do not pass this car seat
challenge may require a car bed and will need a follow-up evaluation to determine
when it is safe to transition to a traditional car safety seat [46].

Some reports suggest that LPT infants are at risk for more severe respiratory
illness with viruses such as respiratory syncytial virus (RSV) with higher rates of
hospitalization and greater resource utilization than term infants [44, 45, 47]. However,
more recent studies have not confirmed this risk [48, 49]. While RSV prophylaxis
with palivizumab should be considered for preterm infants <29 weeks, the AAP does
not recommend this for MLPT infants without chronic lung disease or congenital
heart disease as there is minimal health benefit and it is not considered cost-effective.
Healthcare providers can recommend that caregivers follow general measures to pre-
vent respiratory infections including careful hand hygiene, avoidance of tobacco
exposure, and influenza immunization. For infants at high risk, avoidance of crowds
and restricted participation in group childcare may also be recommended [49].

Although bronchopulmonary dysplasia is uncommon in MLPT infants, LPT
birth may still have long-term effects on the pulmonary system [45]. Several reports
suggest that MLPT birth is a risk factor for recurrent wheezing [50] or asthma
[32, 51, 52] although not all investigators have found an association [53]. Like other
short- and long-term morbidities, risk of asthma seems to increase with decreasing
GA [52]. In a prospective cohort study, MLPT children experienced more respira-
tory symptoms than term children through age 5 years and were described as being
more similar to the extremely preterm comparison group than the term group [54].
In this study, the most important risk factors for continuing respiratory problems in
MLPT children were eczema, respiratory problems and passive smoke exposure in
the first year of life, higher social class, and family history of asthma. Neonatal
factors associated with later asthma in other studies of MLPT infants include apnea,
hypoxia, and mechanical ventilation [51, 52]. Interruption of lung development at a
critical stage with subsequent effects on physiology is proposed to be a mechanism
by which MLPT birth may affect long-term lung function [7, 45].

Recommendations for Follow-Up Care

* Arrange a follow-up car seat challenge for infants discharged home in a car bed.
* RSV prophylaxis with palivizumab is not recommended for MLPT infants with-
out chronic lung disease or congenital heart disease.

Vision

Retinopathy of prematurity (ROP) is one the most common causes of visual impair-
ment in the United States. It occurs due to the abnormal vascularization of the retina
in premature infants. The risk of ROP increases with decreasing GA. Infants born
<27 weeks gestation are at greatest risk [55]. ROP in infants >32 weeks is rare [37].

While MLPT infants do not fall under the GA recommendation for ROP
screening (<30 weeks), MLPT infants with a birth weight <1500 g or a birth
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weight 1500-2000 g with significant neonatal morbidity (e.g., requirement for
cardiorespiratory support) should be screened. This may require ophthalmologic
follow-up after NICU discharge to ensure the retina has matured and that ROP, if
present, has resolved [56].

Although MLPT infants are at low risk for ROP, some research suggests increased
rates of other ocular problems in later childhood. One study found a 2.4-fold
increased prevalence of refractive errors compared to term children although there
was no increased risk of strabismus [57]. Another study found a slightly higher rate
of visual impairment at age 2 years, but the prevalence was too low to assess signifi-
cance [58].

Recommendations for Follow-Up Care

* Screening and ophthalmological follow-up for ROP is not necessary for most
MLPT infants. Good communication between NICU staff and primary care pro-
viders is important in ensuring that individual MLPT infants who have additional
risk factor for ROP receive appropriate follow-up evaluations.

* Screen for visual problems within primary care following the AAP recommenda-
tions for all children.

Hearing

Infants requiring hospitalization in the NICU have elevated rates of hearing loss
compared to the general population [59, 60]. The NICU population is especially at
increased risk of sensorineural hearing loss (SNHL) and auditory neuropathy [59, 60].
This has not been well studied specifically in LPT infants, but studies of very pre-
term infants suggest that the risk for sensorineural hearing loss is mediated by
higher rates of neonatal morbidities that may affect hearing (i.e., hypoxia, hyperbili-
rubinemia) and ototoxic exposures (i.e., aminoglycoside antibiotics, loop diuretics,
noise from life support equipment) [60]. Auditory neuropathy results from dysfunc-
tion of the inner hair cells, neurons of the spiral ganglion, or the auditory nerve.
The cochlea appears to receive sounds normally, but processing of the signal from
the cochlea to the auditory nerve is abnormal. Risk factors associated with the
development of auditory neuropathy in neonates include hypoxia, hyperbilirubine-
mia, ototoxic medications, and neonatal infections [61, 62]. Late preterm infants
who experience these morbidities and exposures are also at risk.

The Joint Committee on Infant Hearing (JCIH) recommends universal screening
by 1 month of age as unidentified hearing loss at birth adversely affects speech and
language development and later school academic achievement. Screening in new-
born nurseries is done by evoked otoacoustic emissions (OAE), automated auditory
brainstem response (ABR), or a combination of the two. Otoacoustic emissions are
quicker but only assess the function of the peripheral auditory system. Therefore it
will not detect auditory neuropathy. Automated ABR assesses the function of the
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peripheral auditory system as well as the auditory nerve and the auditory pathway
of the brainstem [59].

Due to the increased risk of auditory neuropathy for infants in the NICU, LPT
infants admitted to the NICU should be screened using ABR, not OAE. Late preterm
infants in the well-baby nursery may be screened with either OAE or ABR or a com-
bination of the two, similar to term infants [59]. However caution should be exercised
in regard to the timing of OAE. One study found that LPT infants were more likely
than term infants to have failure on initial OAE if tested at <42 h of age [63].

Some MLPT infants with specific neonatal risk factors are at increased risk for
delayed-onset hearing loss and should have a follow-up audiologic assessment at
age 24-30 months. Risk factors include [59]:

e NICU stay more than 5 days

* Mechanical ventilation

» Extracorporeal membrane oxygenation
e Ototoxic medication

e Hyperbilirubinemia

Recommendations for Follow-Up Care

e Refer children with neonatal risk factors for delayed-onset hearing loss for
follow-up audiologic assessment by age 24-30 months.

Neurodevelopmental Outcomes of Late Preterm Infants

Neonatal Brain Injury

The preterm brain is at risk for injury due to a combination of intrinsic and extrinsic
factors that may interact. Intrinsically, the preterm brain is immature. Incomplete
development of the cerebral vasculature and poor vascular autoregulation create a
susceptibility to decreased perfusion and hemorrhage with changes in cerebral
blood flow. Immature brain cells are also more susceptible to free radical toxicity.
Extrinsically, perinatal morbidities such as RDS can threaten the delivery of oxygen
to these vulnerable tissues, and inflammatory mediators secondary to infection can
create a cascade of cytokine and free radical production which can directly injure
pre-oligodendrocytes [5, 64].

While the brain of LPT infants is more mature and resilient than that of very
preterm infants, it is still more vulnerable to injury than at term. Multiple develop-
mental processes are ongoing within the brain in the final 6 weeks of gestation
including gyral and sulcal development, axonal elongation, synaptogenesis, and
maturation of oligodendrocytes and myelination [5]. Disruption of these processes
can affect neurodevelopmental outcomes.

Intraventricular hemorrhage (IVH) and periventricular leukomalacia (PVL) are
feared neurologic complications in very preterm infants and are associated with
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increased rates of neurodevelopmental disabilities. Data on incidence of IVH and
PVL in the LPT population is limited, but available evidence suggests that the
frequency is low [20, 65]. Reported rates may be underestimates though as LPT
infants do not routinely undergo screening cranial ultrasonography.

A systematic review of morbidity in LPT infants reported an absolute risk of
0.41% for any IVH and 0.01% for IVH grades III-1V [20]. While low, this still
represents a relative risk of 4.9 for any IVH compared to term infants. Greater than
90% of IVH in preterm infants originates in the germinal matrix which is an active
site of proliferation of neuronal and glial precursors until 32-34 weeks gestation.
The immature vessels providing a rich blood supply to the germinal matrix are
highly susceptible to hemorrhage during hypertension or increased cerebral blood
flow. The risk of IVH decreases with each increasing week of gestation as the
germinal matrix decreases in size and involutes almost completely by term [66].

The risk of PVL is greatest prior to 32 weeks gestation. This is related to the
stage of development of pre-oligodendrocytes which are proposed to be the key
target of injury in PVL. As pre-oligodendrocytes differentiate into mature oligoden-
drocytes, the cerebral white matter becomes less vulnerable to injury from hypoxia
and ischemia. This process continues through the LPT period and into early infancy
explaining the decreasing (but not absent) risk of PVL with increasing GA [5, 64].
While LPT infants are at significantly lower risk for PVL than very preterm infants,
they are still at greater risk than those born at term.

Cranial ultrasonography can often detect cystic PVL which is associated with
motor deficits such as cerebral palsy (CP), but magnetic resonance imaging (MRI) is
much more sensitive in detecting the diffuse PVL that correlates more with adverse
cognitive and behavioral outcomes [5, 64]. As MRI is infrequently performed in
LPT infants, data on the incidence of PVL in this population is very limited. In one
population-based study, the rate of cystic PVL at 34 weeks was 0.1% [37].

The Practice Parameter on Neuroimaging in the Neonate from the American
Academy of Neurology and the Practice Committee of the Child Neurology Society
recommends cranial ultrasounds for all infants born at <30 weeks gestation [67], but
screening ultrasounds are not routinely done in MLPT infants. Several studies have
examined cranial ultrasound abnormalities and associated factors in MLPT infants
since this practice parameter was published. Some authors advocate for a later GA
cutoff for routine screening based on findings that 27.1% of infants born at 33 weeks
had cranial ultrasound abnormalities compared to 3.7% at 36 weeks and 1.4% at
term [68]. However, others report severe abnormalities in only 1-1.5% of MLPT
infants and note that some of the other abnormalities detected in their study
populations were transient or of unclear clinical significance [69, 70].

The use of screening cranial ultrasound in MLPT infants is likely to be most cost-
effective if based on the presence of additional risk factors and abnormalities. Factors
associated with an increased likelihood of cranial ultrasound abnormalities in MLPT
infants include lower GA, abnormalities on neurologic exam, microcephaly, RDS,
need for assisted ventilation or surfactant, and low 5-min Apgar score (<7) [68, 69].

Although rare, neurologic injury secondary to IVH or PVL can occur in MLPT
infants. This population may be best considered at intermediate risk for these
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morbidities compared to their very preterm and term counterparts. Medical providers
need to maintain an index of suspicion to obtain neuroimaging for this population
when there are concerns for neurologic injury. Identification of children at highest
risk for adverse neurodevelopmental outcomes is important to guide developmental
monitoring and referrals to early intervention.

Recommendations for Follow-Up Care

e Consider neuroimaging in MLPT infants with additional risk factors and/or
abnormalities on neurologic exam.

* Consider referral to a specialized NICU follow-up program for MLPT infants
with abnormalities on neuroimaging, particularly IVH and PVL, which may
require a higher level of monitoring for adverse sequelae including CP and other
developmental delays.

Cerebral Palsy

The overall prevalence of CP is 2-3 per 1000 live births [71, 72]. Similar to many
neonatal morbidities and other developmental outcomes, the risk of CP is inversely
related to GA at birth [73]. Cerebral palsy occurs in approximately 15% of extremely
preterm infants and 6% of very preterm infants [73]. This decreases to approximately
0.5-1% of MLPT infants [11, 20, 74-76]. However, the rate of CP in MLPT infants
is still approximately two to three times higher than in term infants [11, 20, 74-76],
and children born MLPT account for 15-20% of all CP cases [71, 72]. Children
born LPT who do not have CP are more likely to have motor coordination difficulties
than their full-term counterparts [74].

Factors associated with an increased risk of CP within the MLPT population
include need for resuscitation at birth, being SGA, need for antibiotics during initial
hospitalization, and intracranial hemorrhage, whereas maternal receipt of antenatal
steroids is associated with a decreased risk [74, 75]. Structured neurological assess-
ments such as the Hammersmith Neonatal Neurological Examination and the
General Movements Assessment can be useful in identifying MLPT infants at high
risk for CP to facilitate referrals to early intervention [77, 78].

Recommendations for Follow-Up Care

e Consider neuroimaging and/or use of structured neurological assessments in
MLPT infants with perinatal complications known to be associated with higher
rates of CP to better define their risk.

*  Monitor motor development through developmental surveillance and screening
in primary care according to the AAP recommendations for all children.

* Consider referral to a specialized NICU follow-up program for closer monitoring
for MLPT infants identified as at high risk for CP.

* Refer infants with motor delays and those identified as at high risk for CP to
early intervention programs.
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Epilepsy

Very preterm birth is associated with an increased risk for epilepsy that is inversely
proportional to gestational age [79, 80], but it is less clear whether this risk also
pertains to individuals born LPT. A Swedish study reported an increased risk of
epilepsy in adulthood in individuals born at 35-36 weeks gestation [79], but others
have not found a significant difference in rates of neonatal seizures and epilepsy in
LPT children compared to term [20, 76].

Recommendations for Follow-Up Care

* No specialized monitoring indicated

Developmental Qutcomes

Late preterm infants can have different developmental trajectories than their term
counterparts. For all infants, an inverse relationship exists between GA and risk of
developmental delays [81]. Other factors also affect developmental outcomes, such
as level of medical complexity in the neonatal period [82]. Since MLPT infants
often appear healthy at birth, there is a tendency to assume that there is no additional
risk compared to term infants. However, these children may have differences in
general and cognitive development that could lead to suboptimal school performance
if left unrecognized [10, 83, 84]. As a group, LPT infants should be considered
intermediate risk for developmental delays. Early identification of LPT infants with
developmental delays can facilitate access to early intervention services and improve
outcomes.

Early Childhood Outcomes

Many LPT infants will follow a typical developmental trajectory, but some will meet
developmental milestones at a slower pace than term peers. Using the corrected GA,
which is determined from the expected date of birth rather than from the actual birth
date, allows providers to more accurately assess developmental milestones by taking
into consideration the level of neurological maturity. When corrected GA is used
instead of chronological age in standardized developmental testing, the classification
of developmental delay decreased from >18% to 13% in one study [85]. Corrected
GA is typically used until at least age 24 months when development is expected to
be “caught up” to chronological age [2].

Studies comparing early developmental outcomes for LPT infants to those of
term infants have reported variable findings. When healthy LPT infants are evaluated
as a group, cognitive scores on developmental testing have been shown to be similar
to term infants after correcting for GA and once catch-up growth has occurred at



142 K. Steingass et al.

24 months [86, 87]. Broad developmental screening at 48 months typically results
in cognitive, motor, and language scores similar to term peers [10].

In contrast, there is also evidence that from birth to age 3 years, LPT infants are
36% more likely to have lower scores on standardized developmental testing than
term infants and are more likely to be enrolled in early intervention services
[10, 88]. The variability of these findings may represent differences in the popula-
tions under investigation. For example, risk factors for poorer developmental out-
comes include lower GA, complications during pregnancy and delivery, and social
factors such as lower socioeconomic status and parental education level [83]. Late
preterm birth is just one of the many factors that affect developmental outcomes.
It is promising that even the more medically complex LPT infants who required
higher levels of care in the neonatal period will often catch up to full-term peers
by 36 months [82].

Recommendations for Follow-Up Care

» Explain to families that the LPT brain is immature and places infants at intermediate
risk for developmental delays.

e Explain to families the difference in chronological age and corrected GA and
that acquisition of milestones may follow the corrected GA until approximately
24 months.

* Monitor development through developmental surveillance and screening in primary
care according to the AAP recommendations for all children.

e Consider referral to a NICU follow-up program for more formal developmental
monitoring for infants with a complicated or prolonged NICU course or who are
exhibiting significant delays based on developmental surveillance or screening.

e Refer infants with identified delays to early intervention services.

Cognitive Qutcomes

While study outcomes have been variable in regard to specific effects of LPT birth
on cognition, cognitive scores are inversely proportional to GA at birth across the
full span of GA [89]. Late preterm birth appears to be a risk factor for below-average
full-scale IQ and performance IQ at 6 years on the Wechsler Intelligence Scale for
Children-Revised [90]. A study of children born MLPT showed an increased inci-
dence of below-average 1Q and intellectual disability as compared to their term
peers at 5, 6, and 10 years [91]. However, LPT birth alone does not seem to be a
good predictor of cognitive delays. The cognitive deficits are sometimes so small
that they are unlikely to be clinically relevant; for example, the average IQ deficit in
one study was only 2.3 points [58, 92].

Late preterm infants who are more medically complex, such as those who
experienced more neonatal morbidities or required a higher level of care at birth,
demonstrate an increased risk for cognitive delays [58]. In contrast, 90% of LPT
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infants who had an uncomplicated neonatal course have cognitive scores that fall
within normal limits by preschool age [93]. Even though overall cognition appears
to be intact, subtle deficits may be revealed in nonverbal learning skills and
visuospatial reasoning, which is the ability to identify and imagine visual and spatial
relationships among objects [16, 94, 95]. An example of visuospatial reasoning
would be the capacity to form an image in your mind of a neighborhood and
understand directions when given a map of the area. Children who were born very
preterm are also more likely to exhibit deficits in these specific areas [15].

Children born LPT perform worse in math, language, literacy, verbal inhibitory
control, and short-term verbal memory at age 4 years [96, 97]. Though these
differences are fairly subtle and difficult to evaluate on routine screening, they may
affect academic progress if left unidentified.

Late preterm infants may have an increased risk of learning problems once
they reach school age. They demonstrate less school readiness and are more likely
to require individualized education programs, special education placement, and
one-on-one assistants in the classroom compared to age-matched peers who were
born full term [10, 84]. It is estimated that 10% of all children who require special
education placement have a history of MLPT birth [98]. Children born MLPT are
approximately twice as likely to repeat a grade in elementary school, and kinder-
garten retention rates are as high as 19% [99, 100]. Risk of school failure increases
with decreasing GA [101].

Similar to risk factors for early developmental delays in the LPT population, risk
factors for poorer cognition include birth weight <2 kg, lower socioeconomic status,
and lower maternal education [83, 92, 102]. A recently published prospective cohort
study also revealed that children born MLPT with shorter height at 1 and 4 years
have a higher incidence of low IQ compared to those with normal linear growth.
Contrary to studies in children born very preterm, head circumference did not seem
to affect 1Q scores in this group [36]. Male gender has also been associated with
decreased cognitive performance in young children, but by preschool, males and
females perform similarly [93].

A proposed contributing factor for school problems is age at school entrance.
Some LPT infants will meet the age requirement for kindergarten entry earlier than
if they had been born at term, which may place them at a disadvantage if their neu-
rocognitive development and social-emotional maturity are less developed than
their classmates [89].

Recommendations for Follow-Up Care

* Provide anticipatory guidance regarding increased risk of learning problems in
children born LPT.

* Provide close surveillance of early learning skills at health supervision visits.

» Refer for psychoeducational testing if learning difficulties are present.

e Consider MLPT birth along with other risk factors for school difficulties when
targeting populations for prevention and intervention programs such as Head
Start.
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Adult Outcomes

Two long-term cohort studies, one from Norway and one from Finland, provide
adult outcome measures in the LPT population. In the Finnish cohort, adults who
were born LPT were more likely to earn lower incomes, be manual workers, have
memory impairment, and have lower scores on general cognitive tests [103, 104].
These findings were especially pronounced in individuals with lower levels of life-
time educational attainment [104]. In contrast, the Norwegian cohort found that
adults who were born LPT were just as likely to complete high school, obtain col-
lege and postgraduate degrees, and have high job-related income as their term-born
peers [11]. The results placed the LPT population in the intermediate-risk category
for intellectual disability, psychological and emotional disorders, and mental or
physical disorders affecting ability to work with risk increasing as GA decreases.

Although these long-term studies provide some understanding of developmental
trajectories in individuals born LPT, they are imperfect. The two studies are difficult
to compare due to the difference in methods and participant selection. The individuals
in each cohort were also born between the 1930s and 1980s when standards of
neonatal care were much different.

Behavioral Outcomes

A 2011 review article described a “preterm behavioral phenotype” characterized by
inattention, anxiety, and social difficulties as well as a greater risk for internalizing
than externalizing problems [105]. The majority of studies used to define this
phenotype focused on children born very preterm, but there has been some work
examining behavioral symptoms in the LPT population.

Attention Deficit Hyperactivity Disorder

Very preterm birth is a known risk factor for attention deficit hyperactivity disorder
(ADHD), and attention difficulties are one of the most common issues for very pre-
term children [105]. Research examining ADHD in children born MLPT has yielded
variable findings. A study of school-age children found a stepwise increase in pre-
scriptions for ADHD medication with decreasing GA at birth. Children born LPT
(35-36 weeks) were approximately 30% more likely to be prescribed ADHD medi-
cation than those born at term [106]. Similarly, an investigation using the Danish
Psychiatric Central Register found that LPT children had a 70% increased risk of
being diagnosed with hyperkinetic disorder/ADHD [107]. Conversely, a review of
school and medical records for a population in Rochester, MN, revealed no significant
difference in the cumulative incidence of ADHD between LPT and term children
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through age 19 years [108]. The rate of ADHD in both groups was within the range
of ADHD in the general population. Another study of preschool-aged children with
a history of LPT birth also found no difference in the incidence of ADHD compared
to term controls [109].

Several groups have used parent- and/or teacher-completed behavioral rating
scales to compare ADHD symptoms in MLPT versus term cohorts. These studies
have also had conflicting results with some reporting no significant difference
between MLPT and term children [90] and others reporting higher rates of attention
and/or hyperactivity problems in the MLPT group [90, 99].

Factors that may contribute to the conflicting findings include different GA
ranges (32-36 weeks vs. 34-36 weeks) and different degrees of neonatal morbidity
in the study populations as well as varying ages at assessment for ADHD.

It may be that there is a subset of children born MLPT who are at increased risk
for ADHD. Within the category of “moderate to late preterm,” specific GA may be
important given maturational changes taking place in the brain during this time
period. Most studies that have found no increased risk for ADHD or inattentive
symptoms have focused only on LPT infants (34-36 weeks) and have not included
those born at 32-33 weeks [90, 108]. One study showed a dose effect with risk of
ADHD increasing with each declining week of GA from 23 to 40 weeks suggesting
that each gestational week has significance for a child’s risk of ADHD [12].

Pregnancy complications and neonatal morbidities may also contribute to the
risk for ADHD. One study found higher levels of ADHD symptoms in a subgroup
of children whose LPT delivery was medically indicated (e.g., due to preeclamp-
sia) rather than spontaneous although the LPT cohort as a whole did not differ
significantly from controls [90]. The authors suggest that maternal hypertensive
disorders may be a factor in the association between LPT birth and increased rates
of ADHD. Intrauterine growth restriction has also been associated with ADHD
[12]. However, in two separate studies that accounted for growth, the association
between ADHD and MLPT birth appeared to be independent of growth restriction
[90, 106].

Both biologic and environmental factors are thought to contribute to the develop-
ment of ADHD. Psychosocial factors, such as lower maternal education and lower
socioeconomic status, have been associated with ADHD symptoms in the general
population [110]. Some of the available evidence suggests an association between
LPT birth and ADHD symptoms that is independent of socioeconomic factors [90,
99, 106, 107]. However, the effect of preterm birth may be modified by these fac-
tors. For example, in one study, low maternal education increased the effect of
MLPT birth on ADHD risk [106].

Children born MLPT may have a higher risk of ADHD than those born at term,
but evidence for an association between ADHD and LPT birth is not nearly as strong
as for very preterm birth. Further research is needed to clarify whether LPT birth
truly is associated with higher risk of ADHD and to better define the subset within
this population that is most at risk. Many studies have not accounted for specific
GA, IUGR, or neonatal morbidities so these are areas to be further explored.
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Autism

Increased rates of autism have been described in children born preterm [11, 111-113].
However, these children may have high rates of false-positive screens for autism due
to other developmental delays or sensory impairments [113]. Available evidence
suggests at least higher rates of autism symptoms in children born very preterm.
This association is less clear for those born LPT though.

Children born MLPT are more likely to screen positive for autism on the Modified
Checklist for Autism in Toddlers (M-CHAT) than term controls but less likely than
children born very preterm [114]. They are also more likely to exhibit delayed social
competence on the Brief Infant-Toddler Social and Emotional Assessment (BITSEA)
in early childhood [115], but a study of school-age children found no significant
difference from term children in teacher-reported social skills [116].

A population-based study which examined perinatal factors associated with a
diagnosis of autism reported a 50% increased risk of autism in children born MLPT
compared to those born at term [112]. In this study, the increased risk of autism both
in the very and MLPT groups was mediated by specific perinatal complications
such as preeclampsia, SGA, and intracranial hemorrhage. Conversely, two other
studies found no difference in rates of autism between LPT and term children
although rates in very preterm children were significantly higher [11, 111].

Other Behavior Problems

Findings from studies exploring a wider range of behavior problems beyond ADHD
symptoms in children born MLPT have been variable. The majority of investigations
in young children have been based on parent-completed behavioral rating scales
rather than formal psychological or psychiatric evaluation. Multiple studies have
used the Achenbach Child Behavior Checklist (CBCL) to examine behavior
problems in this population in comparison to term controls. These studies have pri-
marily defined behavior problems broadly looking at the externalizing problems and
internalizing problems scales [117]. Despite using the same measure, results of
investigations have been conflicting with findings ranging from significantly
increased rates of both internalizing and externalizing problems [118, 119] to higher
rates of internalizing problems only [90, 99] to no significant differences from con-
trols [116]. One thing that is consistent across studies is that the majority of children
have scores on the CBCL within the average range indicating that most LPT children
do not have clinically significant behavior problems [90, 116, 118, 120].

Data on long-term behavioral outcomes for the LPT population is also conflict-
ing. Some authors report an inverse correlation between higher rates of psychologi-
cal disorders in adolescence and adulthood and decreasing GA at birth [11, 106].
In these studies, individuals born LPT had an approximately 50% higher rate of
behavioral disorders compared to those born at term [11] as well as a higher rate of
hospitalization for psychiatric disorders [106]. However, another study reported
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similar psychological and social functioning in adults born at 32-35 weeks com-
pared to those born at term [121].

Late preterm birth may be a risk factor for later emotional and behavioral
difficulties, but this should be considered in combination with other risk factors
such as perinatal complications and psychosocial stressors. An investigation exam-
ining behavioral difficulties in very, moderate, and late preterm infants found that
the degree of prematurity accounted for only a small portion (5—8%) of the variance
in behavioral outcomes [122]. In this study, negative parenting style and lower
socioeconomic status were also predictive of behavior problems. In multiple studies
that have found an association between LPT birth and behavioral difficulties, the
association persists after adjusting for social and economic variables [11, 90, 99, 119].
However, the risks are cumulative: the effects of LPT birth are greater in children
who also have socioeconomic risks [106, 119].

Children born MLPT may manifest some aspects of the preterm behavioral phe-
notype, but current evidence suggests that it is less common, less severe, and less
well-defined compared to their very preterm counterparts. Of the three aspects of
the preterm behavioral phenotype (inattention, anxiety, and social difficulties),
attention problems seem most prominent in MLPT children with likely a subset at
greater risk for ADHD. As with developmental delays and school difficulties, LPT
children may be described as being at an intermediate level of risk for behavioral
disturbances. While data is not sufficient to indicate a need for screening and pre-
vention efforts for behavioral conditions beyond usual care in MLPT children in
general, those children with a combination of biological and environmental risk
may warrant closer attention.

Recommendations for Follow-Up Care

* Perform routine surveillance for behavioral disorders in primary care according
AAP recommendations for all children.

* Perform routine autism screening in primary care according to AAP recommen-
dations with referral for further evaluation for children who screen positive,
keeping in mind the potential higher likelihood of false-positive screens in this
population.

e Consider MLPT birth along with other risk factors for behavioral disorders when
targeting populations for prevention and intervention programs.

Family Outcomes

Preterm delivery is a risk factor for maternal postpartum depression. There appears
to be a dose effect with higher depression scores associated with lower GA, but some
research suggests that the risk is still significant for mothers of LPT infants [123].
Mothers of LPT infants have been described as experiencing more symptoms of
anxiety, depression, and emotional distress than mothers of term infants and are
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more likely to rate their infants’ behavior negatively [124, 125]. Factors contributing
to emotional difficulties for mothers of MLPT infants include unexpected timing of
delivery, lack of preparation for the delivery, concern regarding the infant’s health,
and separation from infants who require specialized neonatal care [124]. Depression
can affect a mother’s ability to respond to and interact with her infant which may
then affect the child’s development and behavior [126]. In one study, maternal
psychological distress at term-corrected age was associated with increased risk of
later behavior problems in preterm children (<37 weeks) [127].

Further work is needed to elucidate the role of maternal emotional distress
secondary to MLPT birth in the development of behavioral symptoms in this popu-
lation as well as to identify strategies to mitigate this risk. Mothers who report hav-
ing more support report lower stress and are less likely to perceive their infants
negatively [128]. An intervention aimed at improving the interactions between
mothers and their MLPT infants was effective in reducing maternal depressive
symptoms and increasing duration of breastfeeding but was not associated with
improvements in maternal stress or perceptions of infant temperament [129].

Recommendations for Follow-Up Care

e Screen for maternal depression prior to NICU/nursery discharge and at well-
child visits.

* Assess support systems for families of MLPT infants and link to community
resources if needed.

Conclusion

While LPT birth does not carry nearly as high a risk of severe neonatal morbidities
and neurodevelopmental impairment as very preterm birth, this is a population at
risk for early medical complications and later developmental and behavioral
difficulties.

Healthcare professionals in multiple disciplines and settings can play a role in
mitigating the risks for these children. Obstetricians need to balance the risks of
continuing pregnancy when the intrauterine environment may be hostile to the fetus
with the risks associated with LPT birth [130] and should avoid elective deliveries
<39 weeks gestation [131]. Nursery and NICU personnel should monitor for com-
plications, avoid early discharge <48 h after birth, educate parents on risks, and
arrange for appropriate follow-up [6]. Developmental screening by primary care
providers is key to facilitating referrals for specialty evaluation and early interven-
tion services. Formal NICU follow-up programs are likely to see only the small
proportion of this population who have specific complications that place them at
high risk for adverse neurodevelopmental outcomes. However, NICU follow-up
programs may have an indirect role in ensuring providers at other levels of care
understand the needs of this population.
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Abstract Historically, hypoxic-ischemic encephalopathy (HIE) has been used to
describe any infant who is encephalopathic following birth. This terminology, how-
ever, infers etiology (hypoxia and ischemia). There is now substantial evidence
demonstrating that HIE accounts for only a portion of infants presenting with neo-
natal encephalopathy and only accounts for 4% of the diagnosis of cerebral palsy
(Badawi et al., BMJ 317:1549-1553, 1998).

Confusion over terminology has significant implications medically, developmen-
tally, psychologically, and medicolegally. As a result, the American College of
Obstetricians and Gynecologists (ACOG), in collaboration with the American
Academy of Pediatrics (AAP), has issued a report clarifying the preferred term to
be neonatal encephalopathy (NE) (Obstetrics and Gynecology 123:896-901, 2014).
This descriptive term describes the presentation without ascribing etiology, which
may take months to determine.

This chapter will focus on the terminology of NE, pathophysiology as it relates
to the aspect of hypoxic ischemia, and the relationship to current management pro-
tocols. It will also discuss the evidence around outcomes and associated challenges
with its interpretation.
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Definition and Etiologies

Neonatal encephalopathy (NE) is the recommended term used to describe a hetero-
geneous, clinically defined syndrome of disturbed neurologic function in the earli-
est days of life in an infant born at term or near term [2]. NE is manifested by a
reduced level of consciousness or seizures and often accompanied by difficulty with
initiating and maintaining respiration as well as by depression of tone and reflexes
at birth. NE can result from a wide variety of conditions (Table 1) and often remains
unexplained.

The incidence of neonatal encephalopathy depends on how the syndrome is
defined, but published estimates vary between 2 and 9 per 1000 term births [6-9].
In a 2010 review, the estimated incidence of neonatal encephalopathy was 3.0 per
1000 live births, while the estimated incidence of hypoxic-ischemic encephalopathy
was 1.5 per 1000 live births [10].

Historically, all neonates with encephalopathy were referred to as having
hypoxia-ischemia encephalopathy (HIE) [11], but it is now known that hypoxia-
ischemia is only one of many possible contributors to NE. Specifically, HIE
describes a brain injury resulting from inadequate blood flow to the infant’s brain as
a consequence of a hypoxic-ischemic event during the peripartum period [12].
Based on the recommendations put forward by the Task Force on NE, for cases of
HIE, evidence of sentinel peripartum events are required, such as cord prolapse,
uterine rupture, abruptio placentae, placenta previa, maternal hypotension, breech
presentation, or shoulder dystonia [13]. Clinically, however, it is often unclear
whether a particular newborn’s encephalopathy can be attributed to a primary
hypoxic-ischemic brain injury. The underlying etiology may be genetic or meta-
bolic with a secondary hypoxic-ischemic event. As clinical management is time
sensitive with evidence supporting early therapeutic hypothermia, many advocate
for the condition to be called “presumed HIE” or “apparent HIE” when the clinical
features and neonatal brain injury patterns on MRI suggest that HIE is a potential
factor [14]. Others favor using the nonspecific term “neonatal encephalopathy”
whenever there is doubt as to the underlying mechanism of injury [15].

Despite the advances in obstetric care aimed at preventing peripartum hypoxic-
ischemic events, the incidence of HIE has not declined [16]. To this extent, much of

Table 1 Most common Infection: Meningitis, encephalitis, early-onset sepsis,

causes of neonatal chorioamnionitis, congenital infections
encephalopathy [3-5]

Hypoglycemia and electrolyte disturbances
Hypoxic-ischemic encephalopathy (HIE)

Stroke and thrombophilic disorders

Venous sinus thrombosis

Maternal drugs
Brain trauma

Brain malformation

Genetic metabolic disorders
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the current neonatal research about HIE focuses on minimizing the extent of subsequent
brain injury [13]. In the past, treatment options were limited to supportive medical
therapy to maintain cardiopulmonary function and to manage seizure activity,
whereas currently several treatment approaches are available to infants with HIE,
and many others are being evaluated in animal models and clinical trials.

It is important to be aware of the history as inconsistent terminology impacts
how the literature is interpreted and how to look at future outcomes for the infant
with encephalopathy.

Pathophysiology of Neonatal Hypoxic-Ischemic Brain Injury

As much of the recent progress on NE has focused on the impact of hypoxia on the
developing brain, we will now shift to focusing on HIE, a type of NE with a number
of studies focused on the mechanism and pathophysiology of brain injury. The
pathologic events of HIE are the result of impaired cerebral perfusion and oxygen
delivery to the brain [17, 18]. These effects are complex and evolve over two phases:
primary and secondary energy failures which culminate in brain injury [19].

The primary energy failure is associated with anaerobic metabolism. It’s charac-
terized by a cascade of events initiated by reductions in cerebral blood flow [19, 20],
which ultimately leads to decreases in oxygen and glucose, a corresponding and
significant reduction in energy (adenosine triphosphate (ATP) and increased lactate
production) [21]. This primary phase is an essential prerequisite for the deleterious
events that follow from acute intracellular derangements to the failure of various
mechanisms responsible for cell integrity, particularly the sodium/potassium (Na/ K)
pumps and those that maintain low intracellular calcium [22]. Failure in the Na/K
pumps precipitates a massive depolarization of neurons due to an excessive influx
of positively charged sodium ions. This leads to the release of glutamate, a promi-
nent excitatory neurotransmitter, allowing for an additional influx of intracellular
calcium and sodium [23]. Increased intracellular calcium triggers destructive path-
ways such as cerebral edema, ischemia, and microvascular damage with resultant
necrosis and/or apoptosis [24].

The resolution of hypoxia-ischemia with reperfusion is associated with a complex
cascade of mechanisms that can reverse the fall in high-energy phosphorylated metab-
olites and the intracellular pH as well as promote a recycling of neurotransmitters.
This occurs between 6 and 48 h after the primary event. It is referred to as the second-
ary cerebral energy failure, also known as “delayed injury,” and may continue for days
to weeks. This secondary cerebral energy failure is different from the primary failure
as the declines in phosphocreatine and ATP are not accompanied by brain acidosis.
The severity of the secondary failure depends on the magnitude of the primary energy
failure and has a prognostic value since it is associated with delayed neuronal death
(apoptosis). While this time frame represents a window for therapeutic intervention,
the pathophysiology of secondary energy failure is less well understood with interplay
of excitatory neurotransmitter accumulation, oxidative injury, apoptosis, inflammation,
derangements in growth factors, and altered protein synthesis.
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The duration of time for hypoxia-ischemia to be successfully reversed and promote
recovery depends on maturation, preconditioning events, substrate availability,
body temperature, as well as the concurrent disease processes.

While the cerebral energy state can recover following primary energy failure,
a secondary energy failure may occur at a time remote from the initiating event.
This second interval of energy failure is different from the primary energy failure
phase in that the declines in phosphocreatine and ATP are not accompanied by brain
acidosis [19]. The presence and severity of secondary energy failure depend on the
magnitude of the primary energy failure. This second phase also has an undoubtable
prognostic value since it is associated with delayed neuronal death (apoptosis) during
hours or days after the initiation of injury and represents a window for therapeutic
intervention. However, it is important to note that the pathogenesis of secondary
energy failure is not as well understood as primary energy failure. It mostly involves
many pathophysiologic processes, including accumulation of excitatory neurotrans-
mitters, oxidative injury, apoptosis, inflammation, and altered growth factors and
protein synthesis [25-30].

Therapy is offered during the latent phase which is the interval between primary
and secondary energy failure to reduce the risk of death or impairment among infants
with hypoxic-ischemic encephalopathy. Initiating brain cooling within the first six
postnatal hours following brain ischemia has been proven to reduce brain damage
successfully and substantiates the presence of a therapeutic window [31, 32].
However, the precise mechanism of neuroprotection by mild hypothermia is still
very unclear. The therapeutic effects of hypothermia appear to impact both primary
injury and the latent phase of hypoxic-ischemic brain injury [33]. Hypothermia can
lead to delayed cell death due to the suppression of many of the pathways. It also
influences cell signaling cascades, which are key factors in the initiation of neuronal
injury in the primary phase [33].

Clinical Presentation and Evaluation of the Neonate
with Encephalopathy

A neonate presenting with encephalopathy (regardless of etiology) may have an
abnormal state of consciousness (e.g., hyperalert, irritable, lethargic, or obtunded),
diminished spontaneous movements, respiratory or feeding difficulties, poor tone,
abnormal posturing, absent primitive reflexes, or seizure activity [34]. In clinical
practice, the first signs of NE are seen around the time of birth or the first 6 h after
birth. Sarnat and Sarnat [35] were the first to define this syndrome as neonatal
encephalopathy following fetal distress. The clinical features and severity of enceph-
alopathy can be distinguished into three stages of encephalopathy. Stage I, or mild
encephalopathy, is associated with hyperalertness, sympathetic overdrive, normal
muscle tone, and a normal EEG. Stage II, or moderate encephalopathy, is marked by
obtundation or lethargy, hypotonia, multifocal seizures, and an EEG showing
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periodic or continuous delta activity. In Stage III, or severe encephalopathy, the
infants appear stuporous and flaccid with an isoelectric or periodic EEG.

A comprehensive evaluation is recommended in all cases of NE to determine the
probable cause [2]. This evaluation must include an assessment of neonatal clinical
status and a thorough consideration of all factors that can potentially contribute to
NE, including maternal medical history, obstetric antecedents, intrapartum factors
(including fetal heart rate monitoring results and issues related to delivery), and
placental pathology. A thorough maternal and family history is recommended,
including a history of thromboembolic disorders, prior pregnancy loss, maternal
infection, and maternal drug use. As well, blood samples need to be drawn to deter-
mine pH and base deficit.

In addition, a gross and histologic examination of the placenta and umbilical cord
may provide evidence of a possible placental vascular lesion or infection, or an umbil-
ical cord thrombosis [36]. The presence of oliguria, cardiomyopathy, or abnormal
liver function tests may suggest a global hypoxic-ischemic event. Neuroimaging may
provide information regarding the type and timing of brain injury [37, 38]. Metabolic
derangements, unusual odors, dysmorphic features, and congenital anomalies may
suggest the presence of an inborn error of metabolism or genetic disorder.

To ascribe NE to HIE necessitates a search for potential etiologies. It relies on a
carefully obtained history and a thorough neurological examination [22]. There are
three important features to consider in the diagnosis of an intrapartum insult leading
to HIE:

1. Fetal decompensation
2. Neonatal depression at birth
3. Neonatal neurological dysfunction in the first hours of life [22]

The essential criteria suggested as prerequisites to a diagnosis of hypoxic-
ischemic insult resulting in moderate or severe encephalopathy in term newborn
infants include the following: documented fetal deterioration; metabolic acidosis
with a cord pH of <7 or a base deficit of >12 mmol/L; early onset of encephalopa-
thy; multi-system organ dysfunction; and exclusion of other etiology such as trauma,
coagulation disorders, metabolic disorders, and genetic causes [39].

Management of NE

In the heat of the moment, it may be difficult to delineate an intrapartum event from
other etiologies of NE accurately. Furthermore, the other potential etiologies of NE
may result in a component of hypoxia. As a result, the management of other causes
of NE often blends with that for HIE. There are two main strategies; the supportive
strategy which focuses on adequate resuscitation, adequate ventilation and perfusion,
careful fluid management, avoidance of hypoglycemia and hyperglycemia and treatment
of seizures [40, 41], and interventional neuroprotective strategies which aim to avoid
any further brain injury in these infants [42].
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Supportive Management

The primary goals of supportive management include the maintenance of physiologic
homeostasis and treatment of the outward manifestations of brain injury [22, 43].
Central aspects of supportive care include securing an appropriate airway and main-
taining adequate circulation. Ventilatory support is often required (e.g., mechanical
ventilation or continuous positive airway pressure (CPAP)). Metabolic complica-
tions, such as hypoglycemia, hypocalcemia, hyponatremia, and acidosis, frequently
accompany NE and should be identified and treated. If an infection is suspected, it
should be dealt with appropriately. If the history, examination or initial laboratory
investigation points to an inborn error of metabolism, early treatment is crucial, and
a biochemical geneticist should be consulted. The diagnosis of a severe intracranial
hemorrhage should prompt consultation with a neurosurgeon to manage raised
intracranial pressure from mass effect or hydrocephalus. In addition, platelet levels
and coagulation function should be measured. Since the clinical syndrome evolves
considerably over the first 72 h of life, management of specific complications, such
as respiratory compromise or seizures, can often be anticipated.

Interventional Neuroprotective Strategies

It has been known for many decades that being cooled during hypoxia protected
the brain [44—47]. Clinical reports of intact survival after prolonged cardiac arrest
with accidental immersion in cold water persuaded researchers that hypothermic
neuroprotection could be achieved in reality [48, 49]. In 1987, Busto et al. reported
that reduction of the brain temperature by only a few degrees during ischemia
would grant a protective effect in adult rats [S0]. However, the debate of clinical
investigators continued until 2005 when the first large randomized controlled trial
established the efficacy and safety of therapeutic hypothermia in asphyxiated
infants [51].

Therapeutic hypothermia within the first 6 h of age and maintained for 72 h at
33-35 °C (91.4-95.0 °F) is the only effective neuroprotective therapy currently
available for treatment of NE with an associated hypoxic etiology [52]. It offers the
greatest therapeutic promise, particularly in infants who present with moderate
encephalopathy and without early seizures [51, 53, 54]. Infants with severe enceph-
alopathy and/or early seizures may not gain the same benefit of therapeutic hypo-
thermia as the extent of their injury may be greater and further advanced, with
necrosis rather than apoptosis as the predominant pattern of brain injury. However,
hypothermia is still considered as a reasonable choice in these infants as it decreases
the multiple deleterious pathways and thus extends the “therapeutic window” for
more targeted interventions such as prophylactic and/or aggressive treatment of
seizures, blocking the effects of glutamate, combating inflammatory responses,
inhibiting apoptosis, and the administration of growth factor [55, 56].
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Therapeutic hypothermia aims to lower the temperature of the vulnerable deep
brain structures, the basal ganglia, to 32-34 °C. Two methods have been evaluated
in newborn infants with presumed HIE: whole body hypothermia and selective head
cooling with mild systemic hypothermia. Whole body cooling relies on the core and
deep brain temperatures being similar. The rationale of selective head cooling use is
the creation of differential temperature gradients within the brain leading to some
systemic cooling, the adverse effects of which may be minimized by selectively
cooling the brain more than the body [57].

Seven large randomized controlled trials (RCTs) have now been conducted,
establishing the efficacy and safety of hypothermia. All demonstrated that treatment
with hypothermia improves survival and reduced the risk of composite outcome of
death or major neurodevelopmental disability (cerebral palsy (CP), developmental
delay and blindness) of term neonates with moderate to severe HIE at 18 months
[58]. Six and seven newborns with moderate and severe HIE need to be treated to
save one newborn from death or severe disability [58, 59].

This conclusion is supported by two meta-analyses of hypothermia trials involv-
ing newborns with moderate to severe neonatal encephalopathy [59-61]. In all the
included trials, hypothermia was started within 6 h after birth (Table 2).

Although therapeutic hypothermia has been shown to have promising effects in
clinical trials, the reduction in the composite outcome of death or disability at
18 months with therapeutic hypothermia is modest (reduced from 63.2 to 47.9%)
[60]. Thus approximately half the infants who receive therapeutic hypothermia still
have a major neurodevelopmental disability, and some infants with the most severe
injuries may not be rescued [51]. Therefore, there is still an urgent need for other
treatment options [62]. There are a variety of other potential neuroprotective treat-
ments currently being studied to prevent the cascade of injurious effects after
hypoxia-ischemia and can augment the neuroprotective effect of therapeutic hypo-
thermia [63, 64]. Recent experimental data suggest that hypothermia extends the
duration of the therapeutic window [65, 66], therefore giving more time to other
neuroprotective interventions to act within an expanded therapeutic window. As an
example, erythropoietin has neuroprotective properties in animal models of hypoxic-
ischemic brain injury and neonatal stroke [67] and has shown promise in preliminary

Table 2 Meta-analysis of ten randomized trials of therapeutic hypothermia for term infants with
HIE [61]

Newborns with moderate
to severe neonatal Risk Number
encephalopathy Relative risk difference needed to treat
Death or major | 1344 0.75 (0.68-0.83) | —0.15 (-0.22 |7 (5-10)
disabilities to —0.10)
Mortality 1478 0.75 (0.64-0.88) | —0.9 (—0.13 to | 11 (8-25)
—0.04)
Major 917 0.77 (0.63-0.94) | —0.13 (—=0.19 | 8 (5-14)
disabilities to —0.07)
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randomized trials for reducing brain injury and improving motor outcomes in
infants with hypoxic-ischemic encephalopathy [68, 69]. Other potential therapeutic
agents that have been studied include xenon (Xe), magnesium sulfate (MgSO,),
allopurinol (allo), topiramate, melatonin, N-acetylcysteine (NAC), opioids, and
stem cell therapy [62, 70]. Confirmation of benefit in larger trials is needed.

Outcomes

There is a broad spectrum of neurodevelopmental outcomes following any presenta-
tion of NE. The outcomes are known to be dependent on the underlying etiology
and pattern and severity of the brain injury [8, 71-74]. The neurodevelopmental
effects can range from mild to significant challenges and may involve motor, visual,
and cognitive functions. Both genetic and postnatal variables such as socioeco-
nomic factors (e.g., environmental exposures and parental education) likely affect
an individual’s neurodevelopmental outcome following neonatal brain injury
[75, 76]. The outcomes are classified and/ or described in the literature according to
the different aspects and degrees of functional impairment. Often significant chal-
lenges associated with disability are the primary outcome variables and include
cerebral palsy (CP), intellectual disabilities (ID), and neurosensory impairment.
These outcomes are detected in early childhood, usually prior to the age of 2 years,
and will significantly impact independent living in the future. Other outcomes are
often described as “minor or mild” challenges and include mild neurological abnor-
malities, developmental coordination disorder (DCD), mild intellectual delay, learn-
ing disability, executive dysfunction, and behavioral challenges. These outcomes can
be only assessed at a later age when these functions develop (e.g., executive func-
tions) or can be reliably measured (e.g., behaviors, academic function).

Predictors of Major Neurodevelopmental Outcomes

Reliable early predictors of neurodevelopmental outcomes are very important to
determine as they may both select infants for therapy and guide withdrawal of care
[77]. Predictors of outcome may be clinical, neuroimaging, electrographic, and/or
biochemical. It is vital to understand the effect of therapeutic hypothermia upon
their predictive power.

Clinical Presentation and Grading

The discussion of outcome correlates directly to the degree of encephalopathy.
Sarnat scoring of encephalopathy [35] is the most widely used clinical staging sys-
tem to describe the degree of NE and is most often cited in the majority of outcome
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related studies [72, 73, 76]. As we mention before, the Sarnat scoring is based on the
clinical presentation and severity of encephalopathy; it can be distinguished into
three stages of encephalopathy. Stage I, or mild encephalopathy, is associated with
hyperalertness, sympathetic overdrive, normal muscle tone, and a normal EEG.
Stage II, or moderate encephalopathy, is marked by obtundation or lethargy, hypo-
tonia, multifocal seizures, and an EEG showing periodic or continuous delta activity.
In Stage III, or severe encephalopathy, the infants appear stuporous and flaccid with
an isoelectric or periodic EEG [35]. The challenge, however, with the interpretation
of the data on outcomes lies with the multitude of etiologies of NE, the concomitant
presentation of possible HIE, and the potential confounder that genetic/metabolic
cases may present to outcome studies. As the practice of clustering outcomes by the
degree of encephalopathy continues, the outcomes presented reflect a combination
of potential etiologies and degrees of initial encephalopathy.

There is a spectrum of outcomes associated with neonates presenting with varying
degrees of encephalopathy (Fig. 1), and the pooled outcome data reflects the degree
of injury rather than intervention. At the most severe degree of injury/presentation,
mortality is as high as 25-50%, most of which occurs in the first week of life.
Among survivors, up to 10% will appear untouched. Most (80%), however, will
demonstrate findings of neurological injury, including 10-20% developing moder-
ately serious disabilities [76, 78]. Among infants who survive moderate hypoxic-
ischemic encephalopathy, 30-50% may have serious long-term complications such
as cerebral palsy, intellectual disabilities, and neurosensory impairment, and
10-20% of infants have minor neurological morbidities [79, 80]. Epilepsy is identi-
fied in up to one-half of survivors from moderate to severe neonatal encephalopathy
[81, 82]. Infants with mild hypoxic-ischemic encephalopathy tend to be free from
serious CNS complications.

Other scoring systems have been devised to help predict an infant’s subsequent
risk for developing cerebral palsy or systemic morbidity [84]. One of the largest
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Fig. 1 Outcomes associated with varying degrees of encephalopathy [76, 78-80, 83]
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studies retrospectively evaluated 365 infants with HIE and found that three clinical
parameters (administration of chest compression for >1 min, onset of regular respi-
rations >30 min after birth, and base deficit value of >16 mmol/L on any blood gas
analysis within the first 4 h from birth) were predictors of severe adverse outcome
(death or severe disability) [85]. Severe outcome rates with none, one, two, or all
three predictors were 46%, 64%, 76%, and 93%, respectively.

A reliable predictor of long-term outcome is the neurological examination per-
formed at the end of the first week of life [35, 73, 86]. Carefully performed serial
neurological examinations provide critical information regarding the presence,
extent, and evolution over time of the hypoxic-ischemic injury in the term infant.
Several studies have demonstrated the reliability and prognostic ability of the neu-
rological examination [87-96].

Recently, the assessment of general movements (GMs) has been examined in its
capacity to predict long-term neurodevelopmental outcomes [97, 98]. GMs are
spontaneously generated full-body movements that reflect neurological integrity.
They occur as early as 10 weeks postmenstrual age and continue until approxi-
mately 4 months post-term age. Their pattern changes from preterm movements in
utero or in premature infants to writhing movements which emerge at term gestation
to fidgety movements at around 10—12 weeks of age. The quality of GMs is described
in terms of the infant’s movement variety (how variable are the movements) and
complexity (is the infant using the three-dimensional space around him to move)
and fluency (how smooth are the transitions between movements). These qualities
as well as any potential asymmetries should be noted [98, 99]. There are several
approaches to classification of the GMs, but generally the descriptive categories
include normal and abnormal. Abnormal GMs; especially cramped synchronized
GMs are strongly related to a later diagnosis of cerebral palsy in both the term and
preterm infants [98, 100-109].

Neuroimaging abnormalities have been related to abnormal GMs in term infants
with HIE. MRI lesion patterns were correlated with 1-month and 3-month GMs.
Deep gray matter injury was strongly correlated with cramped synchronized GMs
and abnormal motor outcomes [110]. Therefore, GMs may also be used as a com-
plementary tool for predicting motor outcome [109, 110].

Seizures are a possible predictor of outcome, but data are inconsistent. In a
longitudinal report of 129 children ages 12 months to 16.5 years (median 6 years)
who survived NE, epilepsy developed in 13 (10%) [111]. Risk factors for the
development of epilepsy were the occurrence of neonatal seizures, particularly
status epilepticus, and neonatal brain injury on MRI. Children with epilepsy often
had significant challenges and major neurodevelopmental outcomes [111].
Another report analyzed data from subjects enrolled in a therapeutic hypothermia
trial and compared 127 infants who had clinical seizures during the trial with 81
infants who had no seizures [112]. After adjusting for study treatment and severity
of encephalopathy, seizures were not associated with poor outcomes at 18 months
of life.
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Amplitude-Integrated EEG

The potential benefits of preventing further neuronal injury associated with seizures
have prompted the development of continuous cerebral function monitoring like
amplitude-integrated EEG (aEEG) [113]. Prolonged video/EEG monitoring has
shown that 85% of all seizures were not associated with clinical manifestations [114]
and that 58% of the infants with seizures persisting after treatment with phenobarbi-
tone or phenytoin showed uncoupling of electrical and clinical seizures [115].

Several studies [116—122] have shown that outcome of infants with a presumed
HIE insult can be accurately predicted from an aEEG during the first hours after
birth. The predictive value of the presence of a poor background pattern for subse-
quent neurodevelopmental challenges at 18—-24 months was assessed in these stud-
ies. Both positive and negative predictive values were slightly lower when the aEEG
was assessed at 3 instead of 6 h after birth. Also, combining neurological examina-
tion with aEEG performed <12 h after birth further increases predictive accuracy
from 75 to 85%. These findings were also confirmed by a meta-analysis of eight
studies described by Spitzmiller and colleagues [123]; a sensitivity of 91% (95% CI
87-95) and a negative likelihood ratio of 0.09 (95% CI .06—15) for poor aEEG
tracings were found to accurately predict poor outcome [123].

Brain Imaging and Qutcome

Among the techniques available for imaging the newborn, brain MRI and magnetic
resonance spectroscopy (MRS) are validated and well-accepted biomarkers of
hypoxic-ischemic encephalopathy (HIE) severity, neurologic outcome [124—127],
and treatment response following hypothermia [128—132]. Brain MRI appears to be
the most sensitive in detecting periventricular white matter injury, deep gray matter
lesions, arterial infarction, hemorrhage, developmental brain malformations, and
other underlying causes of neonatal encephalopathy [133]. MRI provides excellent
details of the brain lesions characteristic of perinatal hypoxic-ischemic injury: these
lesions can be graded, and the pattern of involvement can be related to the outcome.
The distribution of injury was associated with the duration and severity of isch-
emia. Acute-profound asphyxia produced injury in the basal ganglia and thalamus,
while partial asphyxia caused white matter injury [134, 135]. The basal ganglia-
predominant pattern involves both the basal ganglia and thalamus and perirolandic
cortex [37, 125, 136]. The watershed pattern predominantly affects the intravascular
boundary zone of the white matter, plus cortical gray matter that is perfused by both
the anterior and middle cerebral. Maximal injury in both the watershed region and
basal nuclei results in the total pattern of brain injury [125, 136]. The final pattern
of injury, increasingly recognized by MRI, is the “focal- or multifocal” pattern of
injury: stroke or white matter injury (WMI). Recent data suggest that strokes
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(arterial or venous) are also associated with NE in the term newborn [137]. Many
newborns with stroke have multiple risk factors for brain injury, including intrapartum
complications.

The pattern of brain injury on neuroimaging conveys valuable prognostic infor-
mation regarding the “pattern” of neurodevelopmental abnormalities. Patterns of
injury related to the basal nuclei and abnormal signal intensity in the posterior limb
of the internal capsule are both predictive of significant neurodevelopmental chal-
lenges in the motor and/or cognitive domains (CP and significant cognitive delay)
[125, 138, 139]. In one study, brainstem lesions on MRI were associated with an
increased risk of death [140]. In contrast, the watershed pattern is associated with
cognitive deficits that are not necessarily accompanied by significant motor deficits
[125] and may not be evident until after 2 years of age [125]. In survivors of NE
without functional motor deficits assessed at 4 years old, the severity of the
watershed-distribution injury was most strongly associated with impaired language
skills [141].

Diffusion-weighted MRI can detect the presence of acute brain injury, that is, an
injury that occurred within 7-10 days of the study. Thus, diffusion-weighted images
can distinguish which infants with NE have suffered a significant brain injury that is
associated with long-term outcome within a window of time that often includes the
time of delivery [142-146]. Apparent diffusion coefficient (ADC) mapping, with
ADC values calculated from the diffusion-weighted imaging sequence, shows
restricted diffusion as dark areas of diminished signal intensity. In the white matter,
it increases with maturation [147—-149]. Hunt and colleagues [150] found that the
ADC values in the posterior limb of the internal capsule were a good indicator of
ischemic injury in newborns with HIE. Measuring ADC values in this brain struc-
ture may eventually be a useful and objective marker of prognosis even in normal-
appearing structures [151].

MRS can detect increased lactate and decreased N-acetylaspartate (NAA) con-
centrations, which indicate derangements of the metabolic state of specific regions
of the brain and portend a worse prognosis [75, 152—154]. In a meta-analysis of
studies evaluating the predictive value of neonatal MRI, elevated Lac/NAA ratios in
the thalamus or basal ganglia and thalamus demonstrated a pooled sensitivity of
82% and specificity of 95% for neurodevelopmental outcome [155]. However, a
systematic review found that MRS was not as predictive of outcome as other MRI
parameters [144].

Prediction is not infallible, however, and neurological deficits may also be found
in some newborns whose brain imaging studies appear normal [156]. More subtle
brain injuries associated with later neurodevelopmental deficits, such as white mat-
ter injuries or hippocampal volume loss, may only be detectable with quantitative
brain imaging techniques [75, 157, 158]. Currently, no study has related neonatal
MRI findings with non-disabling long-term outcomes in children such as develop-
mental coordination disorder (DCD), mild intellectual delay, learning disability,
executive dysfunction, and behavioral challenges.
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Neurodevelopmental QOutcomes

Cerebral Palsy (CP) and Motor Function

Perinatal asphyxia is often suspected as a cause for CP, but it likely accounts for
only a small minority of cases [159, 160]. In a retrospective study using the Task
Force on Neonatal Encephalopathy and Cerebral Palsy criteria of intrapartum
asphyxial events sufficient to cause CP [161, 162], only 4% of children born full
term who developed CP had evidence of an acute hypoxic event during labor [163].
The possibility of CP in the term survivors of hypoxic-ischemic brain injury may
occur in more than one-third of affected newborns and is most common in those
with a severe encephalopathy [22, 164, 165]. Overall, rates of CP in this population
without therapeutic hypothermia range from 9% to 39% and depend on the included
population and the severity of the insult. With current data from the seven trials
examining therapeutic hypothermia, these rates appear to decrease by approximately
50% [57, 59, 166-169].

Spastic quadriparesis is the most common type of CP, although athetoid or spas-
tic hemiparesis also occurs [170-173].

Motor impairments, such as DCD, that do not meet diagnostic criteria for CP are
diagnosed in more than one-third of children with moderate encephalopathy, and in
more than one-quarter of children with mild encephalopathy [174].

Vision and Hearing

One-quarter of children after moderate or severe encephalopathy have severe visual
impairment [72, 76, 175]. This may be due to injury to the posterior visual pathway,
including the primary visual cortex, resulting in “cortical visual impairment” (CVI)
[176]. Injuries to the basal nuclei may also affect acuity, visual fields, or stereopsis
(depth perception) [177, 178].

Sensorineural hearing loss, likely secondary to brainstem injury, is also seen
following NE [72, 73, 76] affecting 18% of survivors of moderate encephalopathy
without CP [179].

Cognition

Overall, cognitive deficits are seen in 30-50% of childhood survivors of moderate
NE [180]. Intellectual performance in children with severe encephalopathy without
CP is also affected [86, 173]. Recently reviewed data indicate that cognitive deficits
may prominently follow HIE, even in the absence of CP [181]. This pattern is most
commonly associated with the watershed pattern of injury and white matter damage,
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rather than the basal nuclei-predominant pattern of injury. Cognitive deficits, such
as those in language and memory, may be seen, even when intellectual quotient (IQ)
scores are “‘normal” [173].

Therefore, a comprehensive neurodevelopmental assessment of neurodevelop-
mental outcome in the follow-up of newborns with a history of encephalopathy must
include aspects of cognition most readily assessed at school age: learning, executive
function, behavior, specific language impairments, and social competence [174].

School Performance

There is a body of literature on school-age survivors that show that even in the
absence of obvious neurological deficits in the newborn period, long-term func-
tional challenges may be present [73]. Children with moderate NE were not differ-
ent from controls with respect to general cognitive ability, but less proficient in
language and sensorimotor domains, as well as narrative memory and sentence rep-
etition [173]. Therefore, they are more likely to have difficulties with reading, spell-
ing, and arithmetic or require additional school resources [73, 76, 174, 182]. They
were more likely to require extra educational assessment, teaching provision, and
support, even though they did not have any overt neuromotor challenges [183].
Among the more severely affected children, referred to as severe encephalopathy,
memory for names, orientation, and reported everyday memory function were also
significantly more impaired than for either comparison children or the moderate
encephalopathy group [173].

In a cohort of school-aged children with a history of moderately severe HIE,
15-20% had significant learning difficulties, even in the absence of obvious signs of
brain injury. Survivors of mild NE compared to a comparison group were not sig-
nificantly more than one grade behind in reading, spelling, and arithmetic [174, 182].
Thus, all children who have moderate or severe HIE should be monitored well into
school age [71, 174].

Behavioral Challenges

Behavioral difficulties, such as hyperactivity and emotional problems, should also
be considered for all children affected, even in individuals without motor disability
[173, 174]. Hyperactivity was more often present in children with moderate NE
[173, 182, 183]. In addition, one study that used parent’s observations of their
child’s behavior found more problems related to hyperactivity, aggression, and anx-
iety in a mixed group of children with NE compared to a control group [182].

There is little evidence that NE can lead to a higher risk of autism spectrum
disorders (ASD) [179]. However, one study reported an unexpectedly high proportion
of children with moderate and severe NE that developed ASD [184].
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Therapeutic Hypothermia and Outcomes

To date, neurodevelopmental outcome following therapeutic hypothermia for HIE
has only been reported to 18-24 months. School-age survivors of HIE, even those
without neuromotor challenges, are at significantly greater risk of more cognitive,
behavioral, and educational difficulties [173, 174, 185, 186].

In two large hypothermia trials, 23—27% of infants died before discharge from
the neonatal intensive care unit (NICU), whereas the mortality rate at follow-up
18-22 months later was 37-38% [51, 187]. Neurodevelopmental assessment of
infants with moderate to severe encephalopathy at 18 months revealed a mental
development index (MDI) and a psychomotor development index (PDI) scores of
more than 85 in 40-55% of infants, of 70-84 in 10-21% of infants, and of less than
70 in 35-39% of infants. Of those infants “disabling” CP was reported in 30%,
epilepsy in 16%, blindness in 14-17%, and severe hearing impairment in 6% of
survivors [187, 188].

Data regarding the long-term safety and efficacy of therapeutic hypothermia suggest
that the benefit extends later into childhood. Long-term outcome data at age of 67 years
for 190 children of those previously studied in the National Institute of Child Health and
Human Development (NICHD) trial had been recently published [188]. The proportion
who died or had an IQ score <70 was lower for children assigned to the hypothermia
group compared with the control group (47 versus 62%), but the difference between the
groups just missed statistical significance (RR 0.78, 95% CI 0.61-1.01). Therefore,
Tagin and colleagues stated that “it remains appropriate for clinicians to be conservative
when counseling parents about longer-term neurological function” [58]. In the Total
Body Hypothermia (TOBY) trial [166], there is outcome data available of children who
survived to ages 6 or 7 years; an 1Q score of >85 was significantly higher for the hypo-
thermia group compared with the control group (52 versus 39%, RR 1.31, 95% CI
1.01-1.71) [189]. While these results are promising, more evidence is needed to confirm
the long-term benefit of therapeutic hypothermia.

Therapeutic hypothermia appears to decrease the degree of brain injury observed
on MRI and magnetic resonance spectroscopy [128, 130, 132, 190]; however, the
available evidence suggests that treatment with hypothermia does not affect the
value of MRI for predicting outcome after neonatal encephalopathy [128, 132].
Several studies using MRI reported less severe cortical and deep gray matter injury
on neonatal MRI in association with therapeutic hypothermia [128, 131, 190]. In
addition, neonate treated with hypothermia showed less extension of watershed and
basal ganglia/thalamus injury and more normal MRI [190].

Conclusion

Neonatal encephalopathy is the preferred term used to describe a heterogeneous,
clinically defined syndrome of disturbed neurologic function in the earliest days of
life in an infant born at term or near term. Neonatal encephalopathy can result from
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a wide variety of conditions and often remains unexplained. Hypoxic-ischemic
encephalopathy is a subset of NE and may occur concomitant with other causes of
NE. Therapeutic hypothermia is the treatment of choice (in the first 6 h of age) for
NE with the goal of treating any component of hypoxic-ischemic injury in experi-
enced centers.

Neurodevelopmental outcome depends on the severity of the individual presen-
tation, the underlying etiology, and management and represents a broad spectrum.
Regardless, the spectrum of outcomes is diffuse and holistic attention to all domains
of development is warranted throughout childhood.
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Genetic Considerations in Infants
with Congenital Anomalies

Elizabeth A. Sellars and G. Bradley Schaefer

Abstract Congenital anomalies or birth defects account for one of the leading
causes of death in infants. When one anomaly is present, there is a 50% risk that
other anomalies are present. Healthcare providers taking care of newborns should
have a low threshold to look for additional anomalies in the presence of one. These
anomalies may not always be identified in the hospital but may require evaluation
after discharge. Close attention to the type and pattern of anomalies also provides
clues to the underlying diagnosis. Genetic consultation is critical to help identify
patterns and guide appropriate testing, especially in this time of ever-changing and
complex diagnostic options.

Introduction

While 3-4% of babies born in the United States and Europe are found to have a
major birth defect, only a subset of these infants are diagnosed with a genetic syn-
drome prior to discharge from the newborn nursery or NICU. Therefore, appropriate
genetic follow-up is imperative for continued evaluation to work toward a diagnosis.
In many cases, a congenital anomaly may not come to light in the immediate days or
months after birth but may take time to be identified. It often takes just one anomaly
to create a “light-bulb” moment for the proper genetic testing.

In cases where a genetic diagnosis is successfully made, follow-up is equally
important in order to provide disease-specific management recommendations or to
offer genetic testing in the cases in which molecular confirmation was not able to be
made initially.
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Congenital Anomalies

The vernacular term for congenital anomalies is “birth defects”. Either term simply
implies that something is not right at birth. These anomalies can be structural or
functional. By convention, and for the purposes of this article, we will limit our
discussions to structural anomalies. These can be identified during pregnancy, at
birth, or later in life. They can also be a common cause of fetal deaths. The World
Health Organization reports that 50% of all congenital anomalies cannot be linked
to a specific cause. For many others, there are known etiologic or risk factors.
Congenital anomalies can be genetic, infectious, nutritional, or environmental in
origin—or some combination of these factors called multifactorial. When risk factors
are identified, measures to focus on prevention can be undertaken. Examples of
prevention include vaccinations, folic acid intake, and prenatal care.

The March of Dimes reports up to a 6% worldwide population risk of a major
congenital anomaly in all live born infants regardless of race, location, socioeco-
nomic status, or other demographic characterization (http://www.marchofdimes.
org). There are no identified factors that can lower this baseline statistical risk.
Additionally, it is thought that when one anomaly is present, there is a 50% risk that
a second anomaly is present [1]. Of course, not all anomalies are obvious at birth.
Therefore, there should be a low threshold to “search” for a second anomaly when
one is present. This heightened awareness of the potential for additional congenital
anomalies extends to the NICU graduate.

Because congenital anomalies can place a heavy burden on individuals, families,
healthcare resources, and societies at large, many state health departments have
birth defect registries in place to track the number and type of congenital anomalies.
Since these registries have been in place for a decade or longer now, in many cases,
trends can be appreciated. For instance, neural tube defects have been declining and
congenital heart defects have been increasing.

With improved access to prenatal care, many birth defects are noted prenatally
on a routine basis. In many cities with neonatology services, a neonatologist is
“consulted” during pregnancy in order to prepare the family for any immediate
needs the baby may have. For example, many congenital heart anomalies require
early imaging and initiation of prostaglandins, and families can be informed of this
process. Some birth centers have entire teams for fetal care that may include obstet-
rics, neonatology, radiology, and subspecialty services on a case-by-case basis.
Additionally, the type of congenital anomaly may dictate the method of delivery.
For instance, in many cases of myelomeningocele, a cesarean section is recom-
mended to prevent rupture of any exposed membranes. In fact, many children’s
hospitals are creating fetal care centers where mothers can deliver babies and the
babies can get immediate surgery or care required without transport. Even if a fetal
care center does not exist in a given area, it is highly advisable for any child with
major congenital anomalies to be born at a medical center with access to an NICU
and neonatology services.
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Types of Congenital Anomalies

Congenital anomalies are classified by the underlying pathologic mechanism. Four
separate mechanisms have been described: malformations, deformations, disruptions,
and dysplasias. The identification of congenital anomalies is not limited to the NICU
setting. In fact, in many instances anomalies come to light after an infant is discharged
and the immediate issues related to prematurity resolve.

A malformation is a morphologic defect of an organ, part of an organ, or larger
region of the body resulting from an intrinsically abnormal developmental process.
In other words, the tissue did not form correctly from the start. The majority of
malformations occur in the first trimester of pregnancy. Physicians often classify
malformations as “major” or “minor.” Essentially, a major malformation is one in
which there are significant clinical or functional implications. A “minor” malformation
is one in which morbidity is not increased.

Malformations can arise from agenesis or hypogenesis of a given structure or
tissue. There can also be abnormal migration of cells (as in the case of heterotopia)
or whole organs (as in ectopia). Examples of these can be gray matter heterotopia
seen on brain MRI or ectopic spleens noted with abdominal imaging.

Many people have minor malformations that have no functional impact. Yet
minor malformations often can act as clues to search for a certain major malforma-
tion. For example, preauricular pits or dimples are minor malformations for many.
While this small anomaly typically has no direct health impact on an infant, preau-
ricular pits can signal a risk for hearing impairment or renal anomalies. Therefore,
it is often recommended that any individual with three or more minor malforma-
tions have a formal evaluation for a major malformation. In the case of preauricular
pits, a renal ultrasound and hearing screen should be done.

Deformations are another type of congenital malformation due to mechanical
forces applied to a normally developing structure. This can include any abnormal
form, shape, or position of a part of the body. The tissue is programmed normally,
but external forces apply pressure. The forces can be either maternal or fetal in origin
and apply direct pressure or add a constraint.

An example of a deformation due to a maternal mechanical force is uterine con-
straint. Uterine tumors or fibroids, a bicornate uterus, and multiple gestation preg-
nancy would all put a pregnancy at risk for deformations in the fetus because of fetal
constraint. Examples of deformations from these etiologies would include torticollis,
overlapping toes, and club foot.

A disruption is any morphologic defect of a tissue, organ, or larger region resulting
from an extrinsic breakdown of tissue. This is a loss of normally developing cells or
tissue due to any method of insult not intrinsic to the tissue.

A commonly cited example of this is amniotic band syndrome in which thin
strands of tissue in the amniotic fluid impose pressure on normally developing fetal
tissue. This can cause amputation of fingers, toes, and limbs. It can also cause facial
clefts in severe cases. Another example of a disruption is a vascular occlusion in the
developing fetus that is thought to cause gastroschisis in many instances.
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The term dysplasia typically refers to abnormal organization of cells into tissues.
This abnormality occurs later during development of the fetus and is independent of
morphogenesis. Interestingly, tissues that are dysplastic in nature may predispose
that tissue to cancer later in life.

A good example of a genetic syndrome that has dysplastic tissue is Beckwith-
Wiedemann syndrome. This syndrome is classified as an overgrowth syndrome
where parts of the body may grow asymmetrically, leading to one part being larger
than the other (i.e., an arm may measure larger in circumference than the contralat-
eral arm). Because there is a risk of nests of dysplastic fetal tissue being present in
normally formed tissue, children can develop certain tumors such as Wilms tumors
and hepatoblastoma. That is why there are specific recommendations for screening
in childhood with frequent alpha-fetoprotein (AFP) and abdominal/kidney ultra-
sound imaging.

Recognizing patterns of congenital anomalies is very important to understanding
the potential underlying cause. Many times, it takes several evaluations and exami-
nations to identify additional congenital anomalies. It is important to maintain a low
suspicion for a second anomaly. Recall that there is up to a 50% risk that a person
has one or more additional anomalies in the presence of one congenital anomaly.
Therefore, repeated evaluation by a geneticist may be necessary to put the clues
together into a pattern. And these evaluations may very well be after discharge from
the NICU. It is thought that 10-20% of birth defects have an identifiable pattern [2].

Patterns of Congenital Anomalies

In general, a genetic evaluation begins with early documentation of physical char-
acteristics. Photographs may be taken to see how physical features change over
time. Imaging tests are often of upmost importance in order to gather information.
Skeletal surveys, echocardiograms, brain and kidney imaging are quite common to
look for congenital anomalies and to build a full picture of the disorder. While much
of this information is ideally gathered during the NICU stay, there are certainly
many circumstances in which a study giving a critical clue is not done until after
discharge. This could include things like developmental or behavioral clues not
present in a neonate or physical features not easily seen in a newborn (e.g., a small
coloboma of the retina seen by an ophthalmologist years later).

Anthropometric measurements are often very helpful. Specific conditions often
have characteristic growth patterns. Doing standard growth measurements and then
comparing these to established standards to determine normal versus abnormal growth
are one of the cheapest and yet informative sets of clues in the diagnostic evaluation.
Height, weight, and head circumference are relevant just as growth rates are critical.
Growth rates may not be fully appreciated until a baby is discharged from the NICU.
Skeletal proportionality may not be obvious until an infant is several months old.

Patterns of anomalies are grouped by common pathogenesis. A sequence is a pat-
tern of multiple anomalies derived from a single known (or presumed) prior anomaly
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or mechanical factor. What follows is essentially a cascade of events arising from the
original single anomaly. A classic example is the Robin sequence. The primary anom-
aly in this condition is a hypoplastic mandible. This anomaly is shared in all cases of
Robin sequence. If the mandible is significantly small enough, it can posteriorly dis-
place the tongue. Posterior displacement of the tongue prior to 9 weeks gestation
(when the lateral palatine processes move across the midline to form the primary pal-
ate) can then actually impair closure of the palate by a direct mechanical obstruction
in some cases. These anomalies together make up the Robin sequence.

An association is a nonrandom occurrence of anomalies that happen together
more often than by chance. An association refers solely to statistically related anom-
alies (not pathogenetically or causally related). A commonly described example is
VACTERL association which is a group of anomalies that are found together too
often than by chance. This is an association of vertebral anomalies, anal atresia,
cardiac malformation, fracheal-esophageal fistula, renal anomalies, and /imb anom-
alies. It is important to realize that not every patient has all of these findings. It is
often cited that to have a VACTERL association diagnosis, a patient has to have
three characteristics or more.

Finally, syndromes are patterns of multiple anomalies of more than one organ
system with a common etiology. Down syndrome is a well-known example. This
syndrome can affect a number of organ systems such as the heart, thyroid, vision,
and hearing. It is caused by an extra copy of chromosome 21—though that “extra”
genetic material may be arranged in several ways. The most common arrangement
is a full extra copy of chromosome 21. There are thousands of genetic syndromes
and new ones discovered with greater frequency as genetic testing improves.

Newborn Screening

The purpose of newborn screening is to detect potentially fatal conditions or condi-
tions that may affect a child’s long-term health. Early detection provides a window
for treatment in order to prevent death or disability. Ideally, treatment or interven-
tion can begin before the infant displays any signs or symptoms, enabling the child
to reach full potential. Millions of babies are screened each year in the United States
simply with a few drops of blood from the newborn’s heel. The American College
of Medical Genetics recommends that states screen for 34 core disorders encom-
passing genetic, endocrine, and metabolic diseases. Hearing loss and congenital
heart disease are also included as part of newborn screening.

Certainly, a subset of admissions to the NICU are due to the congenital disorders
included on the newborn screen. In some cases, the infant becomes symptomatic
prior to having results from the newborn screen. Therefore, management in the
NICU centers around the diagnosis and initiation of management. As such, a NICU
graduate with any disorder identified from newborn screening should either have
the appropriate diagnosis at discharge or the appropriate follow-up testing in place.
If there is a diagnosis, the infant should only be allowed to go home with an immediate
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management plan in place. These babies will need long-term follow-up by the
appropriate physician. Often, this is a metabolic geneticist working closely with a
metabolic nutritionist. In the first few years of life, the infant may need regular and
frequent visits for diet management and growth monitoring. Frequent labwork is
often necessary as well.

In the classic example of phenylketonuria (PKU), initiation of treatment should
be undertaken as early as possible, ideally within the first 2 weeks of life. In order
to achieve this goal, early and appropriate newborn screening should be performed,
follow-up and diagnostic testing completed, and communication between family
and caregivers established. As is the case of many inborn errors of metabolism, a
special formula is needed. In this case, the formula has reduced or no amounts of the
essential amino acid phenylalanine. The first few weeks and months require close
monitoring of growth and blood phenylalanine levels. This is something that will
continue beyond the NICU stay (http://www.acmg.net/docs/ACMG_PAHPKU _
Guidelines_GIM_Feb2014.pdf).

Genetic Testing

The world of genetic testing is an ever-changing field with advancements in tech-
nology and interpretation of information. One of the most significant roles of a
genetic consultant in the NICU, or any setting, is to help navigate this complex field.
While we are working toward fast and comprehensive genetic testing, this is not yet
universally available or affordable at this time. Therefore, genetic testing to obtain
a diagnosis may still require careful assessment of the patient over time. A NICU
graduate may need close follow-up with genetic consultants in order to continue to
pursue genetic testing. It is the case for many NICU graduates that the genetic test
that will provide the diagnosis was not available at the time of birth but became
available months or years later.

As it stands, there is not a single test that is appropriate for all patients and situ-
ations. A karyotype is still the preferred genetic test to evaluate for Down syndrome
or any disorder where aneuploidy is suspected. Gene sequencing is still the first tier
for achondroplasia and Marfan syndrome or any instance where a specific syndrome
is in question and the causative gene(s) is known.

Chromosomal microarrays are often the first-tier screening approach in many cen-
ters. This test utilizes microarray technology to scan the whole genome for micro-
duplications and micro-deletions. Advances in this technology have allowed for
identification of smaller and smaller micro-duplications and micro-deletions. Further
refinements are still being developed. A microarray is a first-tier test for any infant or
child with multiple congenital anomalies if the pattern of anomalies does not fit a
specific syndrome with a specific test [3]. Even with advancements in this technology,
this test still requires time for interpretation since so much data is being reviewed.

One of the more exciting fields of genetic testing is whole genome sequencing
(WGS) and whole exome sequencing (WES). WES provides information on all the
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known coding regions (exomes) of the human genome. Exomic sequences account
for 1-2% of the entire human genome and are considered to harbor the majority of
pathogenic mutations. Whole genome sequencing is sequencing the entire 3 billion
nucleotide base pairs in the human genome. Certainly it stands to reason that a
subset of pathologic diseases are caused by mutations in a coding region outside of
what is obtained in WES. The major hurdles in WGS is the increased cost in
sequencing much more data, the ability to interpret this additional data, and the time
to obtain results.

With the ever-expanding list of genetic tests that are available comes an ever
more complex decision-making process. The question for the geneticist and non-
geneticist alike is “What test do we order”? The complete answer to this question is
beyond the scope of this review. However, several overarching principles can be
discussed:

1. Cytogenetic studies (karyotype) are used much less often than previously. The
major reasons for considering doing a karyotype would include:

(a) Confirming a suspected chromosome aneuploidy (e.g., Down syndrome)
(b) Determining the number of X and Y chromosomes which is the first bit of
information needed in the workup of disorders of sexual differentiation

(c) Checking the infant for a known familial chromosome abnormality

2. Single-locus FISH studies are also utilized much less often. They are still indi-
cated if a clinical diagnosis is strongly suspected. For instance, if the child has all
of the right features that suggest Williams syndrome, the 7p FISH can be ordered.
The downside of FISH testing is that you only get a yes or no answer on the
specific condition you are testing for. As the cost of chromosomal microarray has
come down, it is usually better to order this instead of just FISH. That is because
microarray testing will detect what any single-locus FISH test would detect,
plus a whole lot more.

3. Chromosomal microarray testing currently is the most common first test to order
in children with congenital anomalies. It is recognized as a true “first-tier” test in
this regard.

4. Single gene sequencing is similar to FISH testing. If a specific condition is sus-
pected that is associated with a mutation in a single gene, sequencing can be
accomplished. For example, in a child with a pattern of anomalies suggestive of
CHARGE syndrome, CHD7 gene sequencing could be the first test performed.

5. Next-generation sequencing (NGS) panels are becoming utilized much more
often. These panels use rapid sequencing technologies to sequence multiple
genes at the same time. Most NGS panels are organized in diagnostic categories.
So, for instance, a child identified with a hearing loss on newborn screening may
have a NGS “hearing loss panel” ordered. The standard NGS panel for hearing
loss is about 120 of the most common genes known to cause hearing loss.

6. Genome-wide testing such as WES or WGS as described above currently is not
used as first-level testing. However, as noted above, it may not be long before
these tests supplant other tests and become a true first-tier recommendation. It is
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likely not going too long before genome-wide testing becomes part of newborn
screening! Currently studies are being conducted to look at the yield and ethics
of such inititatives.

Genetic testing has been considered expensive and results too slow to return in
order to be useful for actual management of NICU patients. Therefore, acute man-
agement decisions are often made without a diagnosis. This can lead to delays in
appropriate evaluations or treatments. Since the progress of disease can be quite
rapid in infants with congenital anomalies, diagnosis of any underlying genetic eti-
ology must be timely in order to consider appropriate interventions. One of the new
horizons in genetic testing is to offer rapid WGS with a turnaround time down to a
matter of days [4-7]. There are places, currently, that are performing trials using
this technology for acute management purposes, reporting a 26-h turnaround and
over 50% diagnostic yield [4, 5, 7]. The hope is to decrease infant mortality related
to a genetic disease and facilitate informed parental decision-making. While the
cost of this testing may seem prohibitive, one may argue cost savings if this allows
a rapid move to end-of-life care or treatment that allows an infant to move to dis-
charge quicker.

What this means for the NICU graduate is that he or she may be part of a new
horizon in genetic diagnostics. A baby may leave the NICU with a genetic diagnosis
in which there is little information. We are frequently encountering test results in
which the phenotype of a disease seems to lie on a continuum and boundaries
between diseases are blurred. Individuals have features that overlap several diseases
that were once thought distinct entities but now are known to share a common
genetic cause. As a member of a medical team, it is important to help families obtain
good information. The goal in genetic diagnostics is often to empower patients and
families to advocate for themselves. Unfortunately, while having a genetic diagno-
sis is useful in many ways, there remains few treatment options specific to most
genetic diagnoses. At this time, there is no way to correct a genetic abnormality.

Genetic testing has its own set of ethical issues. The best interests of the patient
should always come first. It is now very standard across all genetic tests to provide
informed consent. Many commercial labs have informed consent forms that must be
submitted along with a specimen. Many genetic tests performed on site also have
institution-specific consent forms. Several key pieces of information in the consent
include discussing information related to a later-onset disease (presymptomatic test-
ing) or information on a disease that is unrelated to the presenting symptoms. Many
commercial labs allow a family or patient to “opt out” of receiving unrelated infor-
mation. Informed consent should also point out diagnostic yield—or the likelihood
that any given test will provide a diagnostic answer. This varies by test, and despite
the great improvements in our current testing options, an answer is not always
achieved. The bottom line is that genetic testing is deeply personal and can have
implications for an entire family. It cannot be performed lightly or without consent
from the family.

It is easy to see from these discussions that genetic testing is a complex process
and part of an ever-evolving landscape. The best advice is to use genetic consultants
liberally.
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Outcomes

In many ways each child born with congenital anomalies or a genetic syndrome is
unique. Depending on the specific anomalies or syndrome, the outcomes will vary.
Structural anomalies such as gastroschisis can be repaired with surgery. Congenital
hypothyroidism can be treated with medication. But infants born with the majority
of congenital anomalies have an increased risk of morbidity and mortality. In the
United States, at least 20% of infant deaths are caused by congenital anomalies and
chromosome anomalies [6]. Many infants do not graduate from the NICU if the
anomalies are incompatible with life. Others, who do get discharged from the NICU,
do not make it past the first few weeks, months, or years.

One of the goals of rapid genetic testing (WES/WGS) is to get a diagnosis in
order to provide prognostic information when possible. In one study of rapid WGS,
palliative care was instituted more often in infants with a genetic diagnosis than in
those without [5]. Diseases with a poor prognosis may allow families to feel more
comfortable taking their child home for however long that may be.

For many families, taking their child home with palliative care does not mean that
they do not require or wish for regular medical follow-up. Historically, the thinking
has been that children in hospice will stop receiving preventative care or minor treat-
ments. This thinking has evolved. Many children live much longer than may have
been anticipated. It is important to have regular follow-up in order to modify treat-
ment plans as indicated. For instance, medication dosages may need to be adjusted,
feeding regimens may change, or small infections addressed.

While long-term outcomes for many congenital anomalies and genetic syn-
dromes have not changed, early diagnosis and medical management of certain
anomalies have. Congenital anomalies and prematurity are the leading causes of
death among infants. The fiscal impact of birth defects is staggering [1]. Therefore,
it is important to seek a genetic diagnosis in order to expedite appropriate treatment
and to empower families to make the best possible decisions for their child.
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Environmental Risks to NICU Outcomes )

Douglas Vanderbilt, Christine Mirzaian, and Kelly Schifsky

Abstract Environmental exposures have a significant impact on high-risk infant
(HRI) outcomes. While prematurity and medical severity are well understood in
terms of infant survival, it is critical that clinicians understand and appreciate the
impact that biological, psychological, and social risk factors have on an infant’s
future functioning. Taking these risk factors into a biopsychosocial framework, the
chapter proposes a life course theory perspective of timeline, timing, environment,
and equity to explain HRI outcomes. Specifically this chapter explores how expo-
sures such as in utero drug exposure, parental distress and posttraumatic stress, and
low socioeconomic status and low caregiver education level negatively impact infant
neurodevelopment. An emphasis is placed on the strain that each of these exposures
places on the caregiver-infant relationship, which is the foundation for supporting an
infant’s development and regulation. In discussing ways to address these environ-
mental risk factors, methods such as breastfeeding, mental health support for NICU
parents, and interdisciplinary HRI follow-up clinics are discussed and how each
intervention is positioned to uniquely support this caregiver-infant dyad.

Introduction

In this chapter we will explore the environmental influences on high-risk infants
(HRI), namely, those born premature or with medical risk requiring a neonatal
intensive care unit (NICU) admission. The environment can be defined as factors
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that may be biological (e.g., teratogens, infections), psychological (e.g., maternal
depression, traumatic stress), or social (e.g., poverty, racial health disparities). In
understanding these influences, the best conceptualization of how environment
affects later functioning is the life course theory (LCT) [1, 2] (see Fig. 1). This
explanatory theory is summarized in these four tenets:

» “Today’s experiences and exposures influence tomorrow’s health. (Timeline)

e Health trajectories are particularly affected during critical or sensitive periods.
(Timing)

* The broader community environment—biologic, physical, and social—strongly
affects the capacity to be healthy. (Environment)

*  While genetic make-up offers both protective and risk factors for disease condi-
tions, inequality in health reflects more than genetics and personal choice.
(Equity)” ([11, p. 4)

As applied to HRI, these risks can occur preconceptionally, prenatally, perinatally,
or postnatally, exerting different effects depending on the susceptibility of the
mother, fetus, or infant at each sensitive period. Each exposure risk then impacts the
infant going forward in time to affect the physical and mental health and develop-
mental outcomes. These biological, psychological, and social factors interact
together in different ways to explain the variance in HRI outcomes for the same
given medical risk such as gestational age.
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One example of how LCT works in the setting of HRI is through the new focus
on toxic stress [3]. Here, negative environmental exposures, known as adverse
childhood experiences (ACEs), have been shown to lead to worse mental and physical
health [4, 5]. The excessive stress activation seen in the setting of toxic stress is the
mechanism for these experiences to create poorer outcomes. This occurs through
stress shifting the biological and behavioral regulation systems to short-term sur-
vival rather than long-term development [6]. Effects are seen in epigenetic altera-
tions, brain architecture, and chronic changes in immunity, metabolism, behavior
regulation, cardiovascular function, and general growth [7, 8].

The constellation of risk may affect those with medical risk more intensely.
These ACEs contribute to the toxicity of the most pervasive social risk factor of
poverty on limiting the outcomes of those with medical risk [9]. The Developmental
Systems Approach is a framework which posits that these risk and protective factors
interact at multiple hierarchical levels to influence child development [10]. Taking a
Developmental Systems Approach, these infants with medical risk have existing
challenges at the level of (1) child social and cognitive competence which interacts
with environmental risk at the levels of (2) family patterns of interaction and (3)
family resources over time [11, 12]. Due to HRI having a relative vulnerability at
the level of social and cognitive competence from their medical risk, they may be
uniquely susceptible to the effects of toxic stress and social risk. These social risks
affect the levels of family patterns of interaction and family resources which depress
the full potential of the HRI.

Mechanism of Environmental Risk

It is well known that brain injury, through teratogenic and medical illness exposures
and interruption of the supportive intrauterine environment, is a key driver of high-
risk infant outcomes [13]. But if medical or biological risk predetermined outcomes,
then environmental risk would not be expected to be a driver of outcomes. Thus, the
role of the NICU follow-up clinic would be only to identify and accommodate the
eventual or expected developmental delays. Instead, an ongoing process of media-
tion and modification occurs that enhances or limits the biological potential of the
infant’s development. The key to this modification is the parent-child relationship.
Equally critical as the perspective of genetically programed and biologically con-
strained neuromaturational development, the environmental context is the process
of co-regulation which empowers both the caregiver and child with an active pro-
cess of shaping each other’s responses [14]. Optimal co-regulation enhances social
and cognitive competence and learning for the infant which is critical for promoting
infant self-regulation for feeding, sleeping, etc. The key promoting qualities of the
dyad are sensitivity and responsivity of the caregiver to the child [15, 16]. A positive
dyadic relationship promotes academic and behavioral skills among preterm infants
[17]. Yet, these infants often still have less optimal relationship patterns [18] despite
preterm birth mothers having equal levels of sensitivity [19]. Due to the enhanced
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medical risk, HRI require more, not less, sensitive and responsive caregiving than
infants with typical gestational age and development to achieve the same level of
functioning [20]. Environmental stress from preterm birth disrupts maternal cortisol
and oxytocin regulation which directly affects sensitive and responsive caregiving
[21, 22]. Thus, the parent-child relationship is the common pathway for embedding
social environmental risk into HRI and therefore the focus for mitigating the medical
risk to long-term outcomes.

Now for the remaining sections, we can turn to examine specific environmental
factors in the domains of biological, psychological, and social risks that impact the
parent-child relationship.

Biological Risks

Specific biological risks, such as prenatal exposures, can impact the neurodevelop-
ment of HRI. Many of these risks not only contribute to the cause of preterm or
high-risk births but to the neurodevelopmental outcome of infants once they are
born preterm or otherwise high-risk. Complicating this picture is that many of these
risks co-occur with other prenatal exposures or social conditions, making isolation
of the effects of single risk factors very challenging. In this section we will review
the common prenatal substance exposures that could impact a high-risk infant while
keeping in mind that that they rarely occur in isolation to ongoing psychological and
social risk factors.

Studies have shown that cocaine use during pregnancy is strongly associated
with preterm birth. In a recent meta-analysis, women who used cocaine during preg-
nancy had a threefold increased risk of delivering a preterm infant than those who
did not use cocaine in pregnancy [23]. Women who use cocaine during pregnancy
have other lifestyle factors that can adversely affect the pregnancy and later out-
comes such as cigarette smoking, polysubstance (including alcohol) use, poor nutri-
tion, lack of prenatal care, higher rates of infections, exposure to violence, low
socioeconomic status, and emotional problems [24, 25]. These factors can then
negatively impact the neurodevelopment of HRI via mechanisms described above.
Although many studies between prenatal cocaine use and poor neurodevelopmental
outcomes were attenuated when models included conditions that commonly co-
occur with prenatal cocaine use [23, 26, 27], there is evidence that after controlling
for these factors, there are impairments in sustained attention and behavioral self-
regulation among school-aged children with prenatal cocaine exposure [28].

The adverse effects of opioid use during pregnancy are similarly confounded by
additional environmental factors including polysubstance use, low socioeconomic
status, and higher rates of psychiatric, nervous, and emotional disorders [24]. Even
when controlling for these factors, opioid use during pregnancy is associated with
adverse pregnancy outcomes including intrauterine growth restriction, oligohy-
dramnios, preterm labor, and premature rupture of membranes [29]. Neonatal absti-
nence syndrome (NAS) , marked by withdrawal symptoms in the infant born to a
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mother who used opioids during pregnancy, is a well-known syndrome marked by a
high-pitched cry, irritability, sleep-wake disturbances, alterations in tone or
movement, feeding difficulties, gastrointestinal disturbances, autonomic dysregula-
tion, poor weight gain, and occasionally seizures [30]. The long-term neurodevelop-
mental outcomes of infants born to mothers who used opioids during pregnancy are
difficult to determine due to the above prenatal confounding factors, as well as
postnatal factors such as continued maternal drug use, violence exposure, and low
maternal socioeconomic status. However, there is recent evidence that, even when
controlling for confounding factors, school-aged children who are exposed to opi-
ates prenatally have lower IQ scores [31]. In addition, children with NAS have been
found to be more likely to be re-hospitalized during childhood for maltreatment,
assault, poisonings, and mental and behavioral disorders [32], highlighting not only
the biological but significant social and psychological risks to an infant exposed to
opiates in utero.

Methamphetamine use during pregnancy is associated with a higher incidence of
small for gestational age neonates [33], as well as with higher rates of intrauterine
fetal death, placental abruption, preterm birth, neonatal death, and infant death [34].
As with other illicit substances, direct effects of methamphetamine exposure during
pregnancy have been difficult to demonstrate due to confounding factors. There is
evidence that children who were prenatally exposed to methamphetamines have
increased rates of attention-deficit/hyperactivity disorder, as well as increased rates
of anxiety and depression [35]. However, when analysis of outcomes in children
prenatally exposed to methamphetamines included an early adversity index (sum of
factors including maternal postnatal substance use, extreme poverty, maternal depres-
sion, and community violence), it was found that increased rates of externalizing,
rule-breaking, and aggressive behavior seen in the group exposed prenatally to
methamphetamines were mediated by early adversity index scores [36]. This further
highlights the confounding relationship between social risk factors and biological
risk factors on developmental outcomes.

Marijuana is the most common illicit drug used in pregnancy [37]. Smoking can-
nabis during pregnancy is linked to lower birth weight. Further evidence supporting
a relationship between smoking cannabis and other pregnancy and neonatal out-
comes such as stillbirth, fetal distress, or admission to the NICU is currently unclear
[38]. In terms of neurodevelopment, prenatal exposure to marijuana has not been
shown to affect IQ but has been associated with deficits in problem-solving skills,
sustained attention, and visual memory [39]. A recent literature review from the
National Academies of Sciences concludes that there is insufficient evidence to sup-
port or refute an association between maternal cannabis smoking and later cogni-
tive/academic outcomes in the offspring [38]. The report noted that attributing later
childhood outcomes to prenatal exposures is particularly difficult as attempts to
control for a child’s environment may be insufficient to detect potentially subtle
differences in the family and neighborhood environments of women who smoke
cannabis during pregnancy and those who do not [38].

Cigarette smoking during pregnancy is one of the most prevalent and preventable
causes of adverse pregnancy outcomes [40] including miscarriage, fetal growth
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restriction, ectopic pregnancy, and preterm labor [41]. Maternal smoking during
pregnancy has not been found to lower the IQ of offspring when controlling for
maternal 1Q and education [42]. However, increased rates of impulsivity, attention
problems, and negative and externalizing behaviors have been identified in children
prenatally exposed to tobacco [39].

Alcohol is a teratogen and use during pregnancy is the leading preventable cause
of birth defects and intellectual and neurodevelopmental disabilities [43]. Fetal alco-
hol spectrum disorders (FASD) is an overarching term that includes fetal alcohol
syndrome (FAS), partial fetal alcohol syndrome (PFAS), alcohol-related birth defects
(ARBD), and alcohol-related neurodevelopmental disorder (ARND) [44]. Diagnostic
criteria for FAS include at least two of the characteristic facial anomalies (short pal-
pebral fissures, thin vermilion border of the upper lip, and a smooth philtrum), as
well as findings in all three of the following categories: prenatal and/or postnatal
growth deficiency, brain abnormalities (deficient brain growth, abnormal brain mor-
phogenesis, or abnormal neurophysiology), and neurobehavioral impairment
(marked by cognitive or behavioral impairment in children greater than 3 years of
age and developmental delay in children less than 3 years of age). Documentation of
prenatal alcohol exposure is not necessary to make the diagnosis of FAS. The diag-
nosis of PFAS can be made with or without documentation of prenatal alcohol expo-
sure, and criteria are the same as for FAS, though not all need to be met in order to
make the diagnosis. ARBD is diagnosed based on documentation of prenatal alcohol
exposure as well as one or more specific major malformations understood to be a
result of prenatal alcohol exposure, such as specific cardiac defects. ARND requires
documented prenatal alcohol exposure and neurobehavioral impairment [44]. A
separate diagnosis but with some overlapping criteria is neurobehavioral disorder
associated with prenatal alcohol exposure (ND-PAE), which is included in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition [45]. Diagnostic
criteria for ND-PAE include confirmed prenatal alcohol exposure and impaired neu-
rocognitive function (such as intellectual disability or memory), impaired self-regu-
lation (such as issues with attention or impulse control), and impaired adaptive
function (such as problems with communication or daily living skills). These impair-
ments must affect function and not be attributable to other teratogens or genetic or
medical conditions. While FAS leads to specific CNS dysfunctions that can be con-
sidered primary disabilities, secondary disabilities associated with FAS such as men-
tal health problems, disrupted school experience, trouble with the law, and alcohol
and drug problems can be reduced when various protective factors are present, such
as living in a stable, nurturing, and good quality home [46].

Psychological Risks: Parental Distress (Anxiety/Depression
and Traumatic Stress)

Within a biopsychosocial framework, parental mental health has a significant impact
on a premature infant’s neurodevelopment. Preterm birth itself is associated with
many traumatic experiences [47], not only for the infant, such as the trauma of
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preterm birth, numerous invasive procedures, and separation from parents, but for
the parents as well, including the appearance of their sick infant, the threat of poten-
tially losing their child, and the uncertainty of their role as a parent in the NICU
setting. These traumatic experiences have led to parental reports of increased dis-
tress during their child’s NICU stay as compared to parents of full-term, healthy
infants [48-52]. Parents report feelings of anxiety, sleep disturbance, and avoidance
of medical visits due their experience of caring for a child in a highly technological
environment such as the NICU [47, 53]. A substantial number of NICU parents, in
fact, surpass the clinical cutoff scores for depression, anxiety, and PTSD, both in the
immediate aftermath of the NICU course and for well over a year or more later
[53-59].

Major depressive disorder, at baseline, is most prevalent during childbearing
years and is more common in women than men, affecting approximately 8.5% of
women [60]. Postpartum depression affects approximately 10-15% of women of
healthy babies [53]. Thus, it is understandable that, when this already vulnerable
population faces the distress of having a child in the NICU, these women have a
greater risk for postpartum depression, with up to 39—40% of NICU mothers meet-
ing the cutoff for PPD at 1 month postpartum [51, 53]. This, too, is compounded
by the potential for a pre-existing risk present prior to delivery, either from the
stress of a complicated pregnancy or a mother’s own history of traumatic experi-
ences and struggle with depression, which may have contributed to the preterm birth
itself [61]. Two studies of NICU mothers showed that these mothers have increased
rates of postpartum depression (PPD) as compared to mothers of healthy infants
[51, 53]. Identifying those with PPD is critical because PPD has been shown to have
a direct influence on infant neurodevelopment. Infants of mothers with PPD are
known to be at an increased risk for lower cognitive scores, disruptive behavior, dif-
ficulties with feeding and growing, and inappropriate utilization of the healthcare
system [62—64].

Many parents report symptoms of traumatic stress when their child is first admit-
ted to the NICU. However, a sizable number may continue to experience these
symptoms beyond 30 days, warranting a full diagnosis of PTSD [53]. Several stud-
ies reported higher rates of PTSD in NICU mothers [51, 54, 65, 66]. As seen with
PPD, the effect of maternal PTSD on the developing infant can be significant, plac-
ing them at increased risk for poorer health outcomes and lower scores on develop-
mental testing [47, 53]. Further, mothers with PTSD display more controlling and
less sensitive behaviors which may exacerbate behavioral problems seen in the pre-
mature population [66, 67].

The development of a strong and nurturing mother-infant relationship is often
stressed and even disrupted when an infant spends a significant period in the NICU
[3, 47, 62]. Maternal depression and traumatic stress are known to further disrupt
this dyad, leading to insecure and distorted attachment [68]. Additional studies indi-
cate that the impact of maternal depression on this dyad may be unique, and even
greater, in the premature population, with one study showing that mothers experi-
encing significant psychological distress display less positive perceptions of their
child at 1 year of life adjusted [69]. A healthy dyad is critical for the developing
infant and is discussed in further detail above.
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Social Risks

There are several studies that highlight that some social risk factors are just as
important, if not more important, than medical factors in predicting neurodevelop-
mental outcome in high-risk, preterm infants.

Vohr et al. [70] demonstrated in a group of extremely low birthweight (ELBW)
infants that having a mother with less than a high school education was indepen-
dently associated with significant cognitive impairment. Even when controlling for
medical factors, white race was associated with a decreased risk of significant cog-
nitive impairment. In contrast, many medical factors, including surfactant adminis-
tration, antenatal steroids, and necrotizing enterocolitis, were not significantly
associated with cognitive impairment in the multivariate analysis.

Similar results were found in a separate cohort of very low birth weight (VLBW)
infants who were serially evaluated until 8 years of age using measures of vocabu-
lary and IQ [71]. Multivariate analysis including medical factors revealed that resi-
dence in a two-parent household, higher levels of maternal education, absence of
special services, and absence of significant central nervous system (CNS) injury
were associated with increases in vocabulary scores over time. Similarly, increasing
age, higher levels of maternal education, residence in a two-parent household, and
absence of significant CNS injury were associated with an improvement in visual
1Q scores over time.

Finally, in a third cohort of VLBW infants [72], maternal demographic factors
such as white race, maternal age, and private insurance contributed 3.6% of the
variance to the model predicting unimpaired outcome; in comparison, absence of
neonatal morbidities (such as chronic lung disease, sepsis, NEC, IVH grade 3 or 4)
contributed 5.5% of the variance in the model.

Overall, the literature in ELBW and VLBW infants supports the concept that
environmental factors, including maternal education, race, and socioeconomic
status, can have an equally important impact on neurodevelopmental outcome in
high-risk, preterm infants as many medical factors. This highlights the importance of
interventions to support the proximal environment (mother, family, and home) where
the infant will reside in order to optimize neurodevelopmental outcomes.

Addressing Environmental Risks

Preventive interventions must target family patterns of interaction. Support that
encourages and fosters a strong parent-child relationship early in a child’s develop-
ment may help the child maximize their developmental potential by minimizing exter-
nal stressors and allowing the child to adapt and adjust when faced with biologic
constraints. Premature infants show enhanced cognitive development in the short to
medium term but no improvements in motor outcomes with generic early intervention
services [73]. Additionally heterogeneous and inconsistent outcome effects are seen



Environmental Risks to NICU Outcomes 197

when looking at a variety of interventions in hospital, bridging hospital to home and
then in the community [11]. What many of these interventions neglect is how the
psychological and social environment shape these outcomes and the dramatic role
interventions can have on these outcomes. Utilizing a team of people, including medi-
cal professionals, to help families establish this support network is critical. Focusing
on the infant-caregiver dyad within a Developmental Systems Approach (DSA) may
be helpful going forward to target-specific interventions. The DSA recognizes that, as
infants develop and demonstrate their social and cognitive competence, there are sets
of fundamental domains that assert a reciprocal influence on this competence [11].
By directly supporting family patterns of interaction (e.g., socioemotional connected-
ness) and the family resources (e.g., financial resources) available to these families,
clinicians can optimize the relationship between the child and family and, in turn, the
child’s learning environment and development. We will now outline a few interven-
tions that take these dynamics into consideration.

Numerous studies have found an association between breast milk and improved
neurodevelopmental outcomes in term [74—76] and at-risk preterm and low birth
weight [76-78] infants. Evidence suggests that the beneficial effects of breast milk
on cognitive development may be even larger in low birth weight, preterm infants
than in normal birth weight, term infants [74, 76] emphasizing a greater need to
promote the provision of breast milk in this vulnerable population. Current recom-
mendations to support breastfeeding in preterm and sick infants include facilitation
of early, continuous, and prolonged skin-to-skin contact (kangaroo mother care
[KMC]), early initiation of breastfeeding, and mothers’ access to breastfeeding sup-
port throughout the whole hospital stay [79]. Kangaroo mother care (KMC) has not
only been shown to increase rates of breastfeeding among very low birth weight
infants but to significantly reduce morbidity and mortality [80]. In a follow-up study
of a randomized trial of KMC versus traditional care, it was found that at 20 years,
the KMC group continued to have reduced mortality, and individuals had less
aggressive drive, were less impulsive and hyperactive, and had less antisocial behav-
ior [81]. One theory as to why KMC is so effective is that it promotes bonding
between the infant and mother [82].

The Family Nurture Intervention extends the skin-to-skin concept in the NICU
hospital setting. Here the focus is on creating a cycle of attentive caregiving by the
mother through positive reinforcement of the emotional connection and co-regulation
between the mother and premature infant. The components include calming sessions,
a scent cloth exchange, verbal soothing, eye contact, and skin-to-skin holding in
addition to family-based support sessions. Positive outcomes have been shown in
maternal caregiving, EEG coherence and power, lower rates of maternal depression
and anxiety, and improved toddler attention, language, and cognition [83—89].

Another intervention that directly targets the trauma mothers experience in the
NICU is targeted cognitive behavioral therapy, as laid forth by Shaw et al. [90].
In this six-session intervention, the mother receives emotional support of her distress
with psychoeducation about PTSD, cognitive restructuring to address traumatic
thoughts, anxiety-focused muscle relaxation, and creation of a trauma narrative.
These have been shown to reduce maternal trauma symptoms and depression at
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I month and prevent symptoms at 6 months which removes a barrier to optimal
dyadic functioning [91, 92].

Finally, a preterm infant intervention by Borghini [93] utilized three compo-
nents. A therapist helped parents observe the infant’s interactions and enhance their
sensitivity and responsiveness to their child. The intervention used videotaping of
sessions, and parents received feedback on their actions and reflected on their feel-
ings. This intervention was found to reduce maternal PTSD symptoms at 4 and
12 months of age and improve maternal-infant interactions at 4 months [93]. In fact
many interventions that include components such as psychosocial support for moth-
ers with preterm infants were found to promote outcomes by lowering maternal
anxiety, depressive symptoms, and self-efficacy [94]. What these interventions
share is the understanding that the immediate caregiving environment of the mater-
nal-infant dyad is critical to promoting outcomes. These early patterns of interaction
carry forward to optimal parenting skills that lead to improved academic and school-
age functioning [95, 96].

Summary

This chapter provides research and sound evidence as to why thinking toward
“NICU outcomes” must be comprehensive in nature. If we only focus on medical
interventions and outcomes, we fail to address the critical impact that the environ-
ment, including exposures, infant-parent relationships, and caregiver mental health,
has on a high-risk infant’s development. The NICU and follow-up clinics must work
to create a mindset and atmosphere that supports medical staff and families in iden-
tifying and addressing these environmental influences, with both evidenced-based
modalities and a mind toward compassion and comprehensive care.
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Abstract There are a great deal of variability in the structure of neonatal follow-up
clinics and no clear standards. In California, there is an established Title V program
referred to as California Children’s Services (CCS) which has a High-Risk Infant
Follow-Up program as a diagnostic service to ensure NICU graduates are connected
to medical specialty practices and early intervention services at the earliest signs of
difficulty or developmental delay. Key to the program is a dedicated coordinator
who makes certain that the child accesses follow-up services. Medical eligibility is
determined by risk factors for neurodevelopmental disabilities. HRIF evaluations
include assessments of complex care needs, growth, development and the neuro-
logical examination. Many ill children need EI services, but states are variable in
their criteria required to access these services and many do not accept an “at-risk”
eligibility category. A recommended follow-up schedule is included.

High-Risk Infant Follow-Up (HRIF) programs are designed to periodically evaluate
children who have identified risk factors for developmental disabilities in order to
track outcomes and facilitate early intervention services at the first sign of delay.
Although the importance of providing HRIF to children who received neonatal
intensive care services has been recognized for decades, currently, there is not a
national standard of care for the way in which these services are provided. There are
variations in the risk factors used to identify children needing follow-up. The timing
of evaluations varies, along with recommendations for the ages at which children
should be followed and for how long they should be followed. Different assessment
protocols and procedures are used to evaluate children. Lastly, the data collection
and the way in which feedback about population outcomes is provided back to neo-
natal care units are not standardized. The purpose of this chapter is to describe one
state’s approach to creating a standard for High-Risk Infant Follow-Up.
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Nationally, there are states that support HRIF programs through Title V Maternal
and Child Health Block (MCHB) Grant Programs, a longstanding federal-state part-
nership designed to improve access to high-quality preventive and rehabilitative care,
reduce infant mortality, and provide family-centered, community-based systems of
coordinated care for children with special healthcare needs. California is one state
that has an established Title V program, referred to as California Children’s Services
(CCS), which has been in existence since the polio epidemic. In order to be a CCS-
approved center, hospitals must comply with program standards and quality metrics.
The overall CCS program provides access to high-quality specialty medical care for
specific chronic and disabling conditions and requires California residents to meet
medical criteria and financial eligibility. To be financially eligible, a family’s adjusted
gross income must be less than $40,000, or their out-of-pocket medical expenses for
the child are expected to be more than 20% of the family income. There is no finan-
cial eligibility requirement for diagnostic or specific rehabilitative services.

The CCS HRIF program was established in 1979 as a diagnostic service to identify
infants who might develop CCS-eligible conditions after discharge from a CCS-
approved neonatal intensive care unit (NICU). CCS program standards require that
each approved NICU identify infants at risk and ensure that they receive follow-up
after discharge, either through their own organized HRIF program or a written
agreement for provision of these services by another CCS-approved HRIF program.
The following HRIF program description is based on this CCS model of care.

Medical Eligibility for CCS High-Risk Infant Follow-Up
(Prematurity and Beyond)

Medical eligibility is multifaceted in the CCS HRIF programs (Attachment A).
Firstly, children must have been admitted and determined eligible for CCS coverage
in a CCS-approved NICU or PICU or had a CCS-eligible medical condition.
Secondly, they must have at least one of the following risk factors.

1. The birth weight was less than or equal to 1500 g or the gestational age at birth
was less than 32 weeks.

2. The birth weight was more than 1500 g and the gestational age at birth was
32 weeks or more, and one of the following documented criteria was met during
the NICU stay:

(a) pH less than 7.0 (on an umbilical cord blood sample or a blood gas obtained
within 1 h of life) or an Apgar score of less than or equal to 3 at 5 min, or an
Apgar score of less than 5 at 10 min

(b) An unstable infant manifested by hypoxia, acidemia, hypoglycemia, and/or
hypotension requiring pressor support

(c) Persistent apnea which required caffeine or other stimulant medication for
the treatment of apnea at discharge
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(d) Required oxygen for more than 28 days of hospital stay and had radiographic
finding consistent with chronic lung disease

(e) Infants placed on extracorporeal membrane oxygenation (ECMO)

(f) Infants who received inhaled nitric oxide greater than 4 h and/or treatment
during hospitalization with sildenafil or other pulmonary vasodilatory
medications for pulmonary hypertension

(g) History of observed clinical or electroencephalographic (EEG) seizure activity
or receiving antiepileptic medication(s) at time of discharge

(h) Evidence of intracranial pathology, including but not limited to intracranial
hemorrhage, white matter injury including periventricular leukomalacia,
cerebral thrombosis, cerebral infarction or stroke, congenital structural central
nervous system (CNS) abnormality, or other CNS problems associated with
adverse neurologic outcomes

(i) Other documented problems that could result in a neurologic abnormality,
such as:

* History of central nervous system infection

e Documented sepsis

 Bilirubin at excessive levels concerning for brain injury as determined by
NICU medical staff

* History of cardiovascular instability as determined by NICU medical
staff due to sepsis, congenital heart disease, patent ductus arteriosus
(PDA), necrotizing enterocolitis, and other documented conditions

* Clinical history and/or physical exam findings consistent with neonatal
encephalopathy

These risk factors for HRIF medical eligibility are associated with future develop-
mental delays and disabilities. Children with these risk factors often have multiple
medically complex conditions requiring specialty services and have high needs for
care coordination.

Enrollment in the High-Risk Infant Follow-Up Program

It takes a village to identify and enroll an infant in HRIF, and the process is most
successful if started in the hospital. After a child is determined to meet medical
eligibility for enrollment in HRIF, physicians, nurses, social workers, and develop-
mental specialists should take every opportunity to explain and support the family’s
engagement in this “usual and customary” continuation of care after discharge from
the hospital. The first appointment in an HRIF clinic is scheduled between 4 and
8 months adjusted age and should be listed in the hospital discharge plan that is
copied to the primary care provider. If families receive information about the HRIF
appointment prior to discharge, they have the opportunity to understand their child’s
risk factors from someone with whom they have built a relationship over the course
of the hospital admission. Additionally, parents will understand the HRIF program as
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a support service designed to help them closely monitor their child’s developmental
progression and needs. After discharge, it can be disturbing for parents to hear for
the first time from a stranger on the phone, or by letter, that their child is at risk for
developmental delay. While many parents rely on their primary care provider to
advise them on their child’s development, the amount of time allotted for a visit in
the primary care office is insufficient to fully evaluate (rather than screen) a child’s
developmental skill progression.

A dedicated and conscientious HRIF Coordinator is key to the successful identi-
fication of the HRIF-eligible infant and enrollment in HRIF services. The HRIF
Coordinator can be a pediatrician or neonatologist, pediatric nurse practitioner, nurse
specialist, psychologist, social worker, physical therapist, or occupational therapist.
CCS requires specific levels of education and experience to become paneled as an
approved provider for the hospital-administered CCS HRIF program. The specific
responsibilities of the coordinator are to serve as the primary person coordinating
and connecting the child to HRIF services. This entails participating in NICU dis-
charge planning and multidisciplinary rounds, ensuring identification of HRIF-
eligible clients according to HRIF eligibility criteria, ensuring the NICU discharge
planning process includes referrals to the County CCS Program or CCS Regional
Office for authorization of HRIF services. Having the parents complete the applica-
tion process for CCS HRIF services before their child is discharged from the hospital
better ensures that CCS HRIF services will be authorized. This CCS authorization
allows for care coordination, team conference, and social work services to be billed
and reimbursed. These important services for complex care management are not
otherwise generally reimbursed by third-party payers.

High-Risk Infant Follow-Up Team

The compilation of the HRIF team can vary among programs. CCS recognizes the
members of the HRIF team to include a social worker, physicians, pediatric nurse
practitioners, nurse specialists, developmental specialists, psychologists, physical
and occupational therapists, an audiologist, and an ophthalmologist. It is the
Coordinator’s responsibility to facilitate communication about the patient among the
team members and oversee the clinic flow of professionals and patients.

HRIF Clinic Visit Schedule: Assessment Over Time

The first 3 years of life is an important time for brain growth and development. In the
CCS HRIF program, children are evaluated at least three times before age 3 years.
The first visit is targeted to occur between 4 and 8 months adjusted age. The second
visit is between 12 and 16 months adjusted age, and the third visit is between
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18 month and 3 years. Although one main purpose of the HRIF program is to identify
delays early and connect children to necessary intervention services, long-term
outcome studies suggest that many of the morbidities of NICU graduates may not
appear until later in the school years [1, 2]. Children with HRIF risk factors are at
higher risk for learning disabilities, executive function problems, and behavior dis-
orders [1, 3, 4]. It is time to consider a new standard of care for HRIF clinic visit
schedules that includes an evaluation during the early school years.

HRIF Program Services

Comprehensive Care Coordination

Prior to the HRIF clinic appointment, the Coordinator does a comprehensive chart
review of the medical record and prepares a summary of the child’s history for the
HRIF team. The HRIF Coordinator, in collaboration with the medical provider (MD
or PNP), ensures the child is connected to appropriate specialty medical services for
conditions identified in the NICU or during the HRIF visit. The Coordinator over-
sees arrangements for interpreter services if necessary. The Coordinator participates
in the case conference discussion of assessment findings and in the development of
the treatment recommendations. The coordinator organizes educational resources
and necessary forms to ensure connection to early intervention services or public or
private therapies. At the end of the clinic visit, the Coordinator is prepared to meet
with families to provide detailed information about any referrals. Families are
encouraged to call the Coordinator for assistance with any barriers they encounter
when accessing services.

Psychosocial Assessment and Support

Children who have the HRIF medical risk factors also have parents who are at
higher risk for mental health conditions secondary to the birth experience and/or the
intensive medical experience of their child [5]. Additionally, these high-risk infants
are at risk for vulnerable child syndrome [6]. For these reasons, one purpose of the
High-Risk Infant Follow-Up program targets the well-being of the child and the
parents. The CCS HRIF mandate includes the provision of a psychosocial assess-
ment that evaluates the parent’s recovery from the NICU experience and need for
support services or counseling. This can be provided by a CCS paneled social
worker or nurse. The psychosocial assessment includes addressing the need for
community resources for financial support, including enrollment in SSI, food
stamps, Women Infants and Children.
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Medical Assessment

The medical provider leads the HRIF visit. In order to accomplish the goals of care
during the clinic visit, it is important to review the medical history. Eliciting any
parental concerns about the child’s development will also guide the assessment and
recommendations. It is more effective to wait to address parental concerns until the
end of the visit when they can be informed by the evaluation. Gathering an interval
history is important for ensuring follow-up with medical subspecialty care and
informing the evaluation with regard to health status, surgeries, or additional hospital
admissions. The comprehensive medical assessment includes follow-up or identifi-
cation of neurosensory impairments and a careful assessment of neurological status,
growth, and potential feeding issues.

High-risk infants are at increased risk for neurosensory impairments including
hearing loss, visual impairments, and cerebral palsy. The first HRIF visit must
report the status of hearing and vision follow-up. Children treated in the NICU must
have another audiology evaluation between 24 and 36 months secondary to the
increased risk for potential progressive sensorineural hearing loss. More frequent
hearing tests are needed for infants with specific risk factors (persistent pulmonary
hypertension, congenital exposure to toxoplasmosis or cytomegalovirus). An audi-
ology evaluation is also needed if a speech and language delay is detected. Premature
infants who have had retinopathy of prematurity require regular ophthalmologic
follow-up once the retinal specialist has completed care. Infants born prematurely
and those who have incurred brain injuries in the neonatal period are at higher risk
for myopia, strabismus, visual field defects, and cortical visual impairment.

The CCS HRIF mandate states that a careful neurological assessment be per-
formed by a physician or pediatric nurse practitioner at each visit to detect any early
signs of cerebral palsy. The neurologic evaluation should include an age-appropriate
evaluation of muscle tone, range of motion, deep tendon reflexes, presence of per-
sistent primitive reflexes, and asymmetry of movement, abnormal posturing, and
atypical movements. Evaluation of cranial nerves, sensory perception to touch, and
oral motor sensitivity based on feeding history should also be included. Dysphagia
and oral motor aversion are common in high-risk infants.

Growth patterns are monitored using a standardized longitudinal growth curve.
For children born prematurely, both adjusted and chronologic age measurements are
plotted. It is important to evaluate individual growth curves informed by feeding
practices, presence of illness, and genetic influences to determine whether addi-
tional intervention is needed to optimize growth. Weight for length, or the measure
of proportion, is a better indicator of adequate caloric intake than weight or length
alone. Head circumference that fails to progress can be associated with problems
with the developing brain or prematurely fused skull bones. In turn, a rapidly
increasing head circumference (not associated with similar catch-up growth in
weight and height) can be associated with the development of a post-hemorrhagic
hydrocephalus. Both deviations in head circumference would likely require further
assessment, often with imaging studies.
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Developmental Assessment

The CCS HRIF program mandates the use of a standardized assessment measure to
identify delays and disorders as early as possible in the first 3 years of life. The medical
clinician, nurse specialist, psychologist, physical/occupational therapist, or develop-
mental specialist may administer the developmental assessment. An assessment mea-
sure provides a norm-referenced score allowing comparison to same-age individuals.
For children born prematurely, scores for both adjusted age and chronological age are
produced, thus allowing examiners to track a child’s progress moving toward develop-
mental skills consistent with chronologic age peers. Clinicians counsel families to
adjust age level developmental expectations for their prematurely born children by sub-
tracting the number of weeks that the child was born prematurely from the child’s
chronological age [7]. However, the evidence that supports this clinical recommenda-
tion is difficult to find. One recent systematic review concluded that there is evidence
to support adjusting age expectations until age 12 months [8]. Another systematic
review reported that there is evidence to support adjusting age expectations until age 2
years for infants born at 35 weeks gestational age, but not for those born at earlier
gestational ages [9]. Long-term outcome studies report continued lower mean neurode-
velopmental and behavioral scores into adulthood, suggesting that a large proportion of
individuals born prematurely may never fully catch up over time [10—12]. Findings to
date indicate that further research is needed to support the policy and practice of adjust-
ing age expectations in prematurely born children [8, 9, 13].

Children are required to have a norm-referenced assessment consistent with the
Bayley Scales of Infant and Toddler Development-III (BSID) at least by the third
HRIF visit. The BSID is an individually administered measure of developmental
function of infants and toddlers. It is designed to identify delays, strengths, and
weaknesses and provide a method for monitoring developmental progress [14, 15].
The BSID is currently considered the gold standard assessment measure for evaluat-
ing developmental outcomes in research and is often cited in the medical literature
[16, 17]. Some programs use a combination of briefer assessment measures over the
first two visits because of the shorter attention spans of infants and toddlers. Areas of
social emotional development and adaptive behavior are often evaluated through the
history and additional screening measures (see Table 1 for an example of evaluation
measures). A systematic and careful assessment of development informs the issue
specific and anticipatory guidance provided to the family, as well as the need for
early intervention services.

Connection to Appropriate Community-Based Early
Intervention Services

Early intervention (EI) services provide experiences designed to facilitate neuro-
plasticity and aid in the progression of developmental skills from birth to 3 years of
age [18]. Neuroplasticity is a process of recovery from brain injury and progression
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Table 1 HRIF schedule of evaluations

A. DeBattista

CCS HRIF
core visit 4-8 months 12-16 months
intervals adjusted age adjusted age 18-36 months adjusted age
Evaluators Physician or Physician or pediatric | Physician or pediatric nurse
pediatric nurse nurse practitioner practitioner
practitioner Social worker, as Psychologist for Bayley Scales
Social worker needed of Infant Development
Dietician, as needed | Dietician, as needed Social worker, as needed
OT or PT, as needed | OT or PT, as needed OT or PT, as needed
Dietician, as needed
Assessment | Capute Scales Capute Scales Bayley Scales of Infant and
measures Ages and Stages Bayley Scales Gross Toddler Development-I11
Social Emotional Motor Domain MCHAT
Ages and Stages
Social Emotional
Special Report results of Plan for subsequent follow-up:
requirements | hearing screening Clients of CCS Medical Therapy
Report follow-up of Program should be referred to
vision testing neurology when graduating from
HRIF
Audiology between 24 and 36 m

CCS supports three clinic visits up to age 3 years that need to be scheduled at the appropriate
intervals. Visits between or beyond these intervals should be recorded as “additional visits”

toward age-appropriate skills [19]. Early intervention services are often comprised
of a combination of private and public community resources. Private resources
include services that are purchased by the family or obtained using medical insur-
ance, such as physical, occupational, or speech therapy. Public services are regu-
lated and supported through local and federal government.

Public Early Intervention Service Delivery Through CCS
Medical Therapy Program

Public services are paid for by tax revenue. California has another CCS program
that does not require families to be financially eligible, the Medical Therapy
Program (MTP). The CCS Medical Therapy Program provides free physical and
occupational therapy to children at specific public school sites. Medical eligibility
is specific to chronic musculoskeletal and neurological conditions, with the excep-
tion of children under the age of 3 years at risk for cerebral palsy who have two
neurological findings on exam [20]. One purpose of documenting a careful neuro-
logical examination in HRIF clinic is to facilitate eligibility determination for the
CCS MTP and early connection to physical and occupational therapies. Access to
early treatment with physical and occupational therapy can help at-risk children
develop motor skills [21].
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Public Early Intervention Service Delivery Through IDEA: Part C

Federal legislation for early intervention services is outlined under the Individuals
with Disabilities Education Act Part C (IDEA Part C) for children ages birth to 3.
Although these services are mandated at the federal level, the implementation of
regulations and services provided varies widely [18, 22-27]. Less than a handful of
states currently provide EI services based on the eligibility category of “at risk.”
Access to services by this category provides an avenue for premature infants with
biologic risk factors to obtain EI services that begin in the first year of life. Without
it, children need to have an established developmental disability or have develop-
mental scores “delayed enough” to qualify. The percentage of delay needed to qual-
ify for Part C eligibility varies by state. Additionally, for children born prematurely,
scores based on expectations for adjusted age (higher scores) are used to calculate
the level of delay. This results in children born prematurely needing to be more
delayed than term born peers in order to qualify for EI services designed to help
them catch up to same-age peers. By the time many qualify, they are in their second
year of life, leaving little time to receive services before they age out of their eligi-
bility for services at age 3.

While the scientific literature suggests that receipt of developmental interven-
tions shortly after birth results in better brain development and outcomes [21, 28],
in 2012, less than 1% of the pediatric population in California received Part C ser-
vices in the first year of life [29]. Although exact numbers of children born prema-
turely are not specified, about 10% of the pediatric population was born prematurely,
suggesting a significant gap in service receipt in their first year of life [30]. Other
evidence for this gap was provided in a recent report which noted that a large per-
centage of children in California was not referred to EI services in the first year of
life, although they were presumably eligible by developmental scores reflecting per-
centage of delay [27]. Additionally, on a national scale, only 53% of the most vul-
nerable of premature infants, born at less than 28 weeks gestation, received any
early intervention by 18 months adjusted age [31]. With large proportions of chil-
dren born prematurely not closing the gap, the functionality of the referral process
is critical to ensure these children receive necessary interventions.

The Big Picture: Site- and Population-Based Outcome
Information

Challenges continue to plague the NICU clinician’s ability to connect medical
risks with neurodevelopmental outcomes. There are HRIF program models that
employ personnel actively working in the NICU to contribute to the HRIF clinic
service provision. This approach provides an opportunity for families to reconnect
with the clinicians who saved their infant’s life. It also helps clinicians appreciate
individual outcomes of neonates they cared for. However, many NICU clinicians
feel ill prepared to expand their scope of practice to the assessment and treatment
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of the host of developmental and behavioral disorders common in this high-risk
population. While there are HRIF programs involved with network randomized
controlled trials or observational studies that produce outcomes shared with the
NICU staff, the ability to evaluate local and regional population outcomes has been
limited. In California, the Children’s Medical Services (CMS) Branch in collabo-
ration with the California Children’s Services (CCS)/California Perinatal Quality
Care Collaborative (CPQCC) High-Risk Infant Follow-Up (HRIF) Quality of Care
Initiative (QCI) has developed a web-based reporting system for CCS HRIF-
eligible children. The CCS HRIF program submits data from each visit to CPQCC
using an online, web-based reporting system. This newly assembled statewide data
repository is designed to identify improvement opportunities for NICUs in the
reduction of long-term morbidity. Each CCS NICU will have access to aggregated
HRIF outcome data specific to their site. Papers are just beginning to be published
using this statewide data [27, 32].
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Attachment A
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Personnel in the NICU Follow-Up Clinic m

Cheryl A. Milford

Abstract The staff in the high-risk neonatal infant follow-up clinic is critical to its
success in caring for the children and their families. This chapter defines the personnel
that are required, the training and expertise they need, and their roles in the clinic.
Types of clinics and their settings are also discussed within the context of the types
of evaluation and therapy that can be offered. Recommendations for optimal and
minimum personnel will be specified.

Abbreviations

HRIFU High-risk infant follow-up
NICU Neonatal intensive care unit

Introduction

The personnel who staff the high-risk infant follow-up clinic provide the foundation
for the program to deliver high-quality services. In 2004, Vohr et al. noted that
developmental screening and assessment are essential for this population to monitor
neonatal intensive care unit (NICU) interventions and their outcomes. The data col-
lected from the assessments supports policy discussions and public health initiatives
to improve outcomes. The American Academy of Pediatrics (2008) in its policy
statement on the discharge of high-risk infants stated, “High-risk infants should be
enrolled in a follow-up clinic that specializes in the neurodevelopmental assessment
through early childhood.” (p. 1119) [1], indicating that infants of lower gestational
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age and birth weights are surviving in greater numbers and require follow-up with
providers who can provide both physical and developmental assessments. In 2014,
Petra et al. observed that high-risk follow-up clinics not only provide assessments
to support optimal developmental outcomes for infants and their families but are
necessary for the education of medical and psychology trainees in the work with
these infants as they mature.

Meeting all of these goals stated in the literature requires the recruitment of
professionals from different disciplines with specialized training in assessing and
providing intervention services to high-risk infants and their families. Such profes-
sionals have the skills to assist families in understanding their child’s medical and
developmental needs, provide referrals to needed resources, and provide anticipa-
tory guidance for ongoing developmental and medical issues.

The Rationale for Specially Trained Personnel

All of the professionals in the high-risk infant follow-up (HRIFU) clinic should have
training, expertise, and experience in working with NICU graduates and their fami-
lies. HRIFU professionals need a comprehensive understanding of the impact of pre-
term birth, neurological disorders, and perinatal asphyxia on both the short-term and
long-term developmental trajectories of the child [2]. While initially the family is
significantly impacted by the NICU environment, the family resources and mental
health status of the parent on developmental outcomes become more significant as the
child matures [3]. Many times working with a mentor with significant HRIFU experi-
ence facilitates the integration of new staff. Professionals providing services in HRIFU
clinics must be aware of the current literature regarding the impact of these factors and
issues to provide competent assessments and interventions to the infants and their
families. Professionals require competence in knowledge and skills concerning the
emotional and psychological effects of the NICU hospitalization on the parents and
other family members [3]. The mental health of the parent significantly influences the
developmental and mental health outcomes of the child [3, 4]. HRIFU professionals
must also be current and competent in evidence-based literature on standard of care
policies and protocols for HRIFU clinics [3].

The NICU is a stressful environment and family members continue to process
the experience after discharge. If the professionals in the HRIFU have not worked
in the NICU, they will need significant time and opportunity to observe and receive
training to be able to support the transition from the NICU to home and outpatient
services [3]. Professionals who have the necessary experience working with fami-
lies and infants in the NICU can also receive training to work in the HRIFU clinic.
If these professionals are working in both the NICU and HRIFU, they provide con-
tinuity of care for the infants and families. Such an approach can also help with
decreasing attrition rates of families from the clinic [5].

Professionals across disciplines who are trained in working with NICU infants
and NICU graduates and their families should also be skilled in working with other
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disciplines in collaborative practice to support the assessment and treatment goals
that occur in high-risk infant follow-up clinics [6]. While all team members working
in the clinic are defined professionally by their discipline, they must have the skills
and ability to respect the collaborative practice approach land be open to discussion
and feedback [7]. The experience and training these professionals offer is the struc-
tural integrity of the HRIFU clinic and empowers families to provide optimal care
to their high-risk children. Family-centered care tenets of respect, empowerment,
advocacy, and parental decision-making that began during the NICU hospitalization
should continue into the HRIFU program. Working with families to make appoint-
ments that fit within their schedule, providing assessment results and recommenda-
tions to families, and then developing a plan of care with them facilitate a positive
and caring relationship with the professionals and encourage return visits [5, 6].

The Commitment to the Team by the Institution

The HRIFU clinic is an integral part of the perinatal-neonatal services offered by the
hospital or healthcare system [8]. For academic institutions, it is required for the
training of pediatric residents and neonatal fellows. The HRIFU clinic provides the
institution with the ability to evaluate the outcomes of graduates from its NICU,
engage in quality improvement initiatives around care practices, and analyze data
regarding sequela of medical conditions treated in the NICU [9].

The HRIF clinic is not a revenue stream for the institution. Without grants or endow-
ments, this program is generally not able to meet its expenses. It is important for hos-
pital and healthcare system administrators to understand that the role of the clinic is
supporting the work of the perinatal and neonatal services and continuity of care is
important. The professionals who staff the HRIFU clinic are highly trained and experi-
enced. Their compensation packages reflect that training and experience. Once the
NICU has determined their HRIFU criteria and visit schedule, then developing a
schedule for dates, times, and location of the clinic. Continuity of care is supported by
the approach of HRIFU staff providing services in both the NICU and HRIFU; how-
ever some institutions have professionals that only work in the HRIFU clinic [5, 10].

Whatever approach the institution or healthcare system takes, the administration
needs to be knowledgeable and respectful of the role of the HRIFU clinic in its
perinatal-neonatal services. Appropriate funding, space, and resources must be
provided and updated as necessary to maintain standard of care services.

Personnel by Discipline, Competencies, and Training

Vohr et al. [9] outline the types of assessment and therapy services needed for devel-
opmental assessment of high-risk infants. Physical growth and medical assessment
and referral for treatment are essential. The other areas for assessment and treatment
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include cognitive, fine, and gross motor skills, sensory processing, and adaptive,
behavioral, and language abilities. Memory and learning skills become important as
the child matures. For developmental concerns, together with the family, HRIFU
can collaborate with the local early intervention services to facilitate timely referral
for educational and developmental therapy services. Medical issues should be
referred to appropriate subspecialists with the family’s knowledge and consent.
The authors recommended follow-up of high-risk children until the age of 8 years
[9]. The expertise in assessment and treatment in these areas requires several
disciplines.

Medical

The medical team can include neonatologists, neonatal nurse practitioners, pediatric
nurse practitioners, and developmental pediatricians. The medical team assesses the
child’s medical condition, growth parameters, and ongoing medical needs. HRIFU
medical professionals need to be respectful and cognizant of the medical profes-
sionals in the child’s medical home. A report to the primary care provider and con-
sultation before referral for subspecialist services helps to maintain an effective
working relationship with other providers. Prescriptions for medications and ser-
vices are also completed by this team member, often in consultation with the pri-
mary care provider. Neonatal medical team members are important for supporting
the family in their interactions with medical specialists. Providing anticipatory
medical guidance regarding the child’s medical needs as a result of their NICU
hospitalization and ongoing conditions is important for the family so they can be
competent healthcare consumers for their child. As the child matures, pediatric
nurse practitioners and developmental pediatricians are the appropriate medical
professionals to work with the child and his or her family [5]. For academic centers,
pediatric residents and neonatal and perinatal fellows also participate as part of
the training.

Nursing

In some programs, NICU nurses complete pre-visit and post-visit phone calls with
families. They complete an extensive chart review, and they report this information
to the HRIFU professional team at the onset of the visit. During the clinic visit, they
complete growth parameter assessment and take a history of immunizations, pedi-
atric visits, and hospitalizations since the last HRIFU visit. It is appropriate for
pediatric nurses to complete these activities after the first year of life. Nurses who
work in the NICU can be the continuity of care from the NICU to the first year of
developmental assessment. This continuity of care can also assist with decreasing
attrition from the HRIFU clinic. Nurses develop caring and supportive relationships
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with families during their neonatal hospitalization. Parents feel more comfortable
and familiar with the nurses. They may be more willing to attend clinic to continue
that supportive and important relationship. Nurses should have training in the
impact of prematurity and medical complications during the neonatal period on the
long-term physical and medical needs of the high-risk infant and child [4, 5].

Mental Health

Families who have experienced a NICU hospitalization often have many psycho-
logical and resource needs. Social workers assist the families with obtaining the
needed resources to care for their children. They work together with the family to
contact community agencies and government services based on an assessment of
the family’s resource needs. Perinatal social workers have the appropriate training
and expertise to provide these services in the HRIFU clinic. Psychologists as part of
the team support the assessment and treatment of psychosocial, developmental, and
perinatal mental health complications such as postpartum depression, anxiety, and
posttraumatic stress disorder, usually related to the NICU experience. Psychologists
with training in neurodevelopmental and long-term developmental assessment can
also complete standardized assessment tools. Psychologists in the HRIFU clinic
must have the requisite knowledge, expertise, and skills in perinatal mental health
complications and mental health issues that arise from NICU hospitalizations for all
members of the family. Social workers and psychologists should have training in
infant mental health concepts, trauma-informed care, and the impact of the NICU
experience on family dynamics, functioning, and mental health [3, 11].

Developmental Therapy

Occupational therapists with training in NICU care provide fine motor, sensory pro-
cessing assessment and treatment to support the sensory motor, sensory integration,
and adaptive skills for the high-risk child and the family. Physical therapists with
NICU care training provide gross motor, muscle tone, and balance assessment and
treatment for the child and family. Developmental therapists can be early childhood
educators or neonatal nurses who have training, expertise, and skills in developmen-
tal assessment and intervention. It is essential for developmental therapists working
in the HRIFU clinic to have knowledge of the long-term impact of prematurity and
critical illness in the neonatal period on the development of the sensory and motor
systems. An understanding of brain development for preterm infants is critical to
their work in the HRIFU program. The national occupational and physical therapy
associations have competencies developed for therapists working in the NICU and
high-risk follow-up clinic. The institution’s administration should hire developmental
therapists who meet these competencies or are committed to meeting these
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competencies through ongoing training in order to provide standard of care in the clinic
setting. In addition, there is a national organization for neonatal therapists which
supports training and education for all therapists working in these settings. For fur-
ther information, visit their website: neonataltherapists.com.

Dietician

Physical growth and nutrition are ongoing issues for the high-risk infant after dis-
charge from the NICU. Families have numerous concerns about nutrition and
growth, especially in the first year of life. The neonatal dietician has many respon-
sibilities in the NICU but should be available for consultation to the HRIFU clinic.
Dietician consultations are necessary for infants with growth concerns, both too
slow and too advanced weight, head circumference, or length for either chronologi-
cal or corrected age. In addition, HRIFU professionals, specifically medical and
nursing, should collaborate with the dietician to develop instructional information
for HRIFU families. These materials generated from this collaboration should pro-
vide information on optimal caloric intake, transitions to solid foods, and healthy
food choices by the age of the child [9, 12].

Administrative Support

The HRIFU administration should include a medical director and a clinic coordinator.
The medical director is responsible for the medical policies, procedures, and sched-
ules for the medical team. The clinic coordinator is a HRIFU professional responsible
for the policies, procedures, and scheduling related to allied health professional ser-
vices and nursing. The clinic coordinator works closely with the medical director to
change clinic practices by being vigilant to the evidence-based literature, family
needs, and community resources. The HRIFU clinic requires a clinic assistant who
manages appointment scheduling, insurance, and billing for each visit. This individual
answers the clinic phone, distributes clinic reports to subspecialist and primary care
providers, and greets families when they arrive for their visit [5]. The clinic assistant
with background as a NICU unit secretary is highly desirable for their knowledge of
working with families and NICU culture.

Evaluation and Intervention Models

When providing care in the HRIFU clinic, the methods by which the various disci-
plines evaluate and provide therapy should be evidence-based and tailored to the
particular institution and community [7]. There are three models for evaluation and
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intervention [13]. A discipline is an area of knowledge and expertise gained through
education, training, and experience. The three models are multidisciplinary, interdis-
ciplinary, and transdisciplinary. Each can work in clinical and research settings.

Multidisciplinary

This is the first model that emerged, and it is most commonly used in clinical practice
in healthcare settings. Each discipline works within their scope of practice and col-
laborates with the rest of the team to develop an evaluation and care plan (e.g., refer-
ral to early intervention or clinical practices in healthcare settings) after they have
completed their work with the child and family. Multidisciplinary teams respect and
value the expertise of each discipline in caring for the high-risk child and their fam-
ily [7, 13]. This approach can be time-consuming and confusing for families if the
multidisciplinary team does not collaborate and communicate -effectively.
Multidisciplinary teams in intervention programs meet to discuss their findings and
their treatment plans, but they do not collaborate or develop plans together. In clinic
settings, each discipline discusses their findings and plan. Families are left to work
with each discipline independently and often without regular communication among
the team.

Interdisciplinary

Often multidisciplinary teams evolve into interdisciplinary teams for the purpose of
efficiency and cost containment. Interdisciplinary teams work to educate each other
about their areas of expertise and support other team members in learning about
their theoretical foundations, skills, and approaches to evaluation and treatment. In this
way, the HRIFU team can engage in evaluation and therapy with the ability to
understand the other discipline and learn some of its skills as well as respecting and
valuing other disciplines. The discipline of infant mental health emerged from inter-
disciplinary research and practice [13]. Infant mental health professionals come
from all of the disciplines in HRIFU and communicate with common theoretical
constructs, language, and assessment approaches that facilitate communication and
collaboration in working together with the family.

In HRIFU clinics, interdisciplinary teamwork can be observed with developmen-
tal therapists and mental health professionals. Nurses and dieticians also often work
together with interdisciplinary approaches and services. All HRIFU professionals
need to gain skills in administrative and patient retention activities to support the
viability of the clinic [7, 13]. Many HRIFU clinics have evolved into interdisciplin-
ary teams to provide optimal services within limited budgets and resources.
Intervention programs often have the developmental therapists learn skills from
each other to provide services with one professional. This professional can develop
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an ongoing relationship with the family, and the family is not overwhelmed by the
numbers of professionals providing services to them.

Transdisciplinary

This evaluation and therapy model is seen much less in healthcare settings.
Transdisciplinary teams are defined by [13] as ““... work using a shared conceptual
framework, drawing together discipline-specific theories, concepts and approaches
to address a common problem (p. 355).” Discipline scope of practice is enhanced
by learning other team members’ theoretical foundations, skills sets, and exper-
tise in specific areas of assessment and treatment. A single team member can
therefore be the conduit with the family. An example of a transdisciplinary
approach is the Neurorelational Framework developed by Lillas and Turnbull in
2009. The framework utilized the theoretical models from neuroscience, psychol-
ogy, education, attachment, and occupational therapy to develop a part-to-whole
training, assessment, and treatment plan. In the Neurorelational Framework, all
disciplines work together across all diagnostic categories, and each team member
can see the whole picture with regard to the assessment and intervention needs of
the child and family [6].

The Neurorelational Framework transdisciplinary model is currently being
implemented in juvenile courts, mental health, and early intervention programs [6].
This approach utilizes established theoretical constructs and integrates them into a new
assessment and intervention approach that not only utilizes a common language, but
a sharing of skills and expertise to support each discipline in understanding and
integrating the lens of other disciplines into their practice.

The above models of care are determined by the institution based on its mission,
goals, and financial and professional resources. The process of deciding which model
to utilize should occur in a collaboration between administrators and NICU providers
with thoughtful respect for each member’s expertise and concerns. The structure of
the HRIFU program emerges out of this collaboration.

Clinic Models

The vast majority of HRIFU clinics are part of hospitals and healthcare systems
[1, 8, 14, 15]. Within academic healthcare systems, the HRIFU clinic is a training
site for pediatric residents and neonatal and perinatal fellows as well as a clinical
service. Understanding families’ preferences for days and times of appointments
leads to efficacy of resource utilization. Frequent reminders of appointments, pre-
and post-visit calls from nursing, and/or developmental therapy and short waiting
times at the visit support families’ willingness to continue their attendance.
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HRIFU services are important for the optimal outcomes for high-risk infants and
their families.

HRIFU programs have also initiated Internet-based parent questionnaires to
support developmental screening of high-risk infants and children [10, 16]. These
questionnaires were helpful in gathering data, but were not valid and reliable with
standardized neurodevelopmental assessment tools. This research demonstrated
that high-risk (less than 1500 grams birthweight, less than 32 weeks of gestational
age, and/or significant social risk factors) infants and children require regular visits
to the HRIFU clinic for accurate neurodevelopmental assessments [10]. The data
from the questionnaires can be used as part of the interview process and assessment
of the child. Some HRIFU programs utilized the AQS or PEDS tools which are valid
and reliable, but are not specific to the NICU graduate population.

Developmental screening and assessment can also be conducted by early inter-
vention professionals in community agencies. These are often completed as
government-authorized high-risk infant monitoring programs such as early inter-
vention high-risk infant tracking programs and public health nursing mother-baby
tracking programs [12, 15]. The children are usually seen by a team of developmen-
tal therapists, educators, and/or nurses. If the child has been evaluated and found to
require therapy services, these are provided by the early intervention agency or are
contracted to other therapists or agencies [6].

Comprehensive HRIFU services require medical, nursing, and mental health ser-
vices as well as developmental therapy. These services are available in the HRIFU
clinics that are operated in hospitals and healthcare systems [9, 15]. Early interven-
tion providers and HRIFU clinics should collaborate in regarding their assessments
and treatment plans.

All children should receive developmental screening at specific well-child visits
as part of developmental surveillance during their first 3 years of life in the primary
care setting [17]. This screening is especially important for the high-risk child. If the
primary care healthcare providers have concerns about the child’s developmental
screening results, they should contact medical development treatment centers or the
appropriate early intervention agency, the developmental specialists, or the HRIFU
clinic for an appointment. If there are pressing concerns, the HRIFU clinic should
be able to address the concerns in a timely fashion. All of the providers can support
the family and child best by maintaining communication and collaboration in their
assessment and treatment goals and plans. Sharing assessments and intervention
plans among providers with the family’s permission decreases the chances of over-
lap and duplication of resources and services.

All of these settings and models can be part of a continuous and comprehensive
high-risk infant follow-up, developmental assessment, and intervention. It takes
effort and dedication to develop relationships and collaboration with other provid-
ers; often joint educational opportunities and conferences can support the process
and encourage professionals to network and develop new professional relationships
within their community.
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Recommendations

HRIFU programs should have the available expertise of multiple disciplines. These
include:

e Physician and/or physician extender (e.g., neonatologist or developmental pedia-
trician or neonatal or pediatric nurse practitioner)

e Nurse

* Social worker

e Psychologist

e Dietician

e Lactation consultant

e Occupational therapist

e Physical therapist

e Case managers

* Clinic coordinator

e Administrative assistant [12]

With such a team, the family and infant remain in the same place and the provid-
ers come to them. Sufficient physical space for families and space for provider
consultation are necessary. Booking appointments can be based on the number of
providers to assess the child at that visit and the age distribution of that day’s sched-
ule. Each child and family may not need to see each provider at every visit. The
determination of provider services can be made based on level of assessment and
intervention needs, age, and family concerns.

It is clear, however, that such a large team may be impossible to organize based
on limited professional and financial resources. The HRIFU team can be more lim-
ited, with an interdisciplinary model of services. As discussed previously, the team
can gain skills from each other and consultants to be able to provide optimal evalu-
ation and therapy services. It is important within such a structure to have other
professionals available to consult in situations where the team does not have the
expertise to address the situation independently. Examples of consultation profes-
sionals include social work, psychology, dietician, and medical subspecialist. HRIF
clinics can operate successfully with the following disciplines:

e Neonatologist/developmental pediatrician or neonatal or pediatric nurse
practitioner

e Nurse

e Social worker or psychologist

e Occupational or physical therapist, developmental specialist, or developmental
psychologist

* Clinic coordinator

e Administrative assistant [18]

It is important to maintain as comprehensive a team as possible [18]. HRIFU
clinics need the resources that give them the opportunity to coordinate care from the
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NICU to the community to support continuity of care so that high-risk infants and
their families receive all the services they require [12]. It is fundamental to have
HRIFU team members who interact regularly with families. This encourages an
ongoing relationship with the HRIFU clinic and professionals. In addition, it
decreases attrition from the program. Data for decision-making in the institution is
stronger and more reliable when it is from ongoing follow-up and not just one or
two visits [9].

Many clinics operate with minimal staff, many of whom are often part time [12].
While this is less than optimal, it is certainly better than no HRIFU program. This
means being efficient and organized is critical. Patra et al. [11] found in their research
that Wednesdays were best days for parents to attend clinic in this community. They
also found that early morning and late afternoon appointments were often missed.
This research helps HRIFU clinics to think about analysis of their own appointment
patterns and alter them accordingly to their specific community transportation pat-
terns and community activities. This facilitates utilized valuable HRIFU resources in
the most clinically effective and fiscally responsible manner [11].

Summary

High-risk infant follow-up necessitates the commitment of the institution to its pur-
pose, goals, and operation. These programs provide vital data on patient outcomes,
quality improvement initiates, and continuity of care for infants and families. In
addition, academic institutions utilize these programs to train pediatric residents
and neonatal and perinatal fellows and allied health professionals. The HRIFU pro-
grams often require grants or endowments in addition to insurance reimbursement
for them to meet their expenses. If insurance reimbursement is the only source of
revenue, it is usually unrealistic to expect the program to be fiscally neutral.
Understanding the financial difficulties of HRIFU by hospital and healthcare system
administration is essential to ongoing resource allocation of the institution.

To provide HRIFU services entails the recruitment of specifically trained profes-
sionals or professionals willing to obtain the necessary training. These professionals
have the knowledge, expertise, and skills in evaluation and treatment of high-risk
children and their families. Professionals in the HRIFU clinic must demonstrate
competencies within their discipline’s scope of practice as well as the ability to
respect, value, and learn from the other disciplines that are part of the team. Team
members need to be flexible with the ability to be highly organized and knowledge-
able about current literature and practices.

Many HRIFU clinics employ a multidisciplinary approach to services provision.
Each discipline completes their assessment and makes recommendations for the
evaluation and therapy care plan. The team meets and collaborates on the care plan
for the child and the family.

More recently, HRIFU teams have evolved into interdisciplinary models of ser-
vices. The disciplines not only respect and value the other disciplines but also gain
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knowledge, expertise, and skills from them. In this model, services are provided
within a comprehensive and seamless evaluation and therapy process, with each
team member competent in working within their scope of practice and supporting
the role and expertise of the other team members. Research is indicating that this
model may be a more effective approach to HRIFU [1, 11].

The most common setting for HRIFU clinics is in hospitals and healthcare systems.
The disciplines needed for evaluation and treatment are also usually part of the
NICU team and the pediatric program. For training purposes, academic institutions
must maintain HRIFU clinics. Hospitals and healthcare systems need to make the
commitment to HRIFU programs when they offer perinatal/neonatal services.

Early intervention and primary healthcare providers are partners in the physical
and developmental surveillance of high-risk infants. All of these professionals
support families in caring for their high-risk children and assist them in integrating
them into their culture and community. It is vital that the HRIFU program work
collaboratively with these providers as part of the goals of the clinic.

It is crucial that the most comprehensive team of HRIFU specifically trained
personnel are recruited and retained in their program. The personnel of the high-risk
follow-up clinic are the foundation of the program. They need to be chosen care-
fully and respectfully and receive compensation that is appropriate to their training,
expertise, and experience. The institution’s financial commitment to the program
must reflect these requirements.

High-risk follow-up supports optimal outcomes of children and their families. It also
optimizes the quality of life for these individuals and their communities. Trained,
passionate, and dedicated personnel are the key to this process.
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Financing NICU Follow-Up Programs

Lauren A. Boyd

Abstract There is limited information available for public review outside of anec-
dotal reports and published surveys about NICU follow-up clinic revenues versus
expenditures in part because this is considered confidential business information. In
survey responses, both private and academic follow-up programs report that they
obtain funding from a variety of sources including hospital and/or department, clini-
cal revenue from insurance billing, research grants, and other state and government
programs. Obtaining adequate funding is often cited as a concern for these clinics.
Insurance issues, travel distance, and travel costs have been cited by families as the
most frequent reasons for noncompliance with clinic attendance in studies of fol-
low-up appointment compliance. Family-centered follow-up programs will need to
demonstrate their worth to their shareholders in the community and local hospitals.
Clinic programs will need to consider the cost to families in their structure and
development of their follow-up program.

Financing a NICU Follow-Up Program

While follow-up clinics of NICU graduates are established as a standard of care,
surveys of follow-up programs have consistently shown that obtaining adequate
funding for follow-up clinics is challenging (B. Tang, personal communication,
August 15, 2015; [1-3]). There are no national criteria to help risk stratify which
NICU graduates should be evaluated in a NICU clinic versus followed in their med-
ical home. However, because itemized hospital and clinic budgets are typically con-
sidered proprietary business information, there is limited information available for
public review outside of anecdotal reports and published surveys about clinic revenues
vs. expenditures. Reimbursement for clinical care provided both in the intensive
care unit and the outpatient follow-up clinic will vary based on contracts negotiated
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by the hospital or health network with both private and public insurers. Cost of clinical
follow-up includes tangible costs such as electricity, clinical equipment to obtain
vital signs, salaries for front desk clinical staff, physician and therapist salaries,
malpractice insurance, and cost of renting or maintaining clinic rooms.

Payments from insurers may also be bundled into general hospital or healthcare
system funding in population-based health plans that do not reimburse for care
under a fee for service model. Funding difficulties impact both families and clinics.
Most centers that offer level II (specialty care) and level III (subspecialty neonatal
intensive care units) care report that funding for their follow-up programs comes
from a variety of sources (B. Tang, personal communication, August 15, 2015;
[1, 4]), and most programs (63%) report that costs exceed revenue (B. Tang, personal
communication, August 15, 2015).

Initial neonatal ICU care is provided at both private hospitals and academically
affiliated institutions. Private clinics from level III NICUs reported that their fund-
ing primarily comes from the hospital (59%) with supplementation from the state
funding (23%) and grant funding (20%). Clinics with an academic affiliation
reported the majority of their funding comes from the NICU department (42-51%)
and hospital (31-62%), with supplementation from state funding (22%) [1, 4]. More
than a third of level II and level III NICU (37%) reported when surveyed that they
do not receive reimbursement for developmental assessments (B. Tang, personal
communication, August 15, 2015). Most clinics in published surveys report that
they do bill a family’s insurance for the follow-up evaluation [2].

Neonatology fellowship programs are required to provide training to their fellows
in neonatal follow-up care in the current American College of Graduate Medical
Education guidelines. The requirement for fellows to participate in follow-up might
influence department budgets. A variety of other learners including nurse practitioner
students, speech/language therapy students, occupational therapy students, physical
therapy students, pediatric residents, neurology residents, and medical students may
participate in follow-up clinics, but surveys have not captured whether their presence
leads to any additional funding sources for the actual clinic.

A variety of factors including visit length, visit frequency, and the number of
providers seeing and billing for their evaluation of the infant or child at each visit all
impact the cost of follow-up clinics to hospitals/clinics/institutions and families.
There is not yet a set of national guidelines or clear evidence favoring a particular
team composition or interval for follow-up. If a child is participating in a clinical
trial or research project, the timing (how often and at what age) and content of fol-
low-up evaluations may be standardized and often paid for by the research trial or
research group. Each state may also set requirements for neonatal follow-up includ-
ing up to what age a child should be followed. Costs to families may include travel
costs to a regional center, missed wages from employment absence, insurance co-pays,
and deductibles including decreased coverage if providers are out of network. A study
of follow-up clinic attendance from Rush University Medical Center, an urban
academic center in Chicago, found that families reported insurance (typically out of
network vs. no insurance) and travel time to the clinic as the most frequent reasons
given for not attending the 2-year follow-up clinic visit [6]. A Virginia study of
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noncompliance with NICU follow-up clinic attendance found that families cited
travel costs and travel distance most frequently [4]. Families who obtained an
exception to keep a critically ill extremely premature neonate at an out-of-network
hospital may not be successful in obtaining a gap exception to return to the same
institution for follow-up care after the child is discharged.

Choice of developmental assessment tools (direct evaluation of a child’s skills
vs. parent report) and choice of assessment team (psychologist, speech therapist,
occupational therapist, physical therapist, nutritionist) both influence length of the
appointment as well. Physician evaluation and management (E/M) Current
Procedural Terminology (CPT) codes for outpatient visits are selected either by the
complexity of the history, physical examination, or physician face-to-face time with
the patient and family if more than 50% of the visit is spent in counseling and care
coordination. In a fee for service model of reimbursement, higher levels of outpa-
tient coding are associated with higher reimbursement and may also be used to
measure physician productivity. In a managed care model or a model where a hos-
pital receives bundled payments for caring for a large group of patients, reimburse-
ment does not change regardless of visit length or the complexity of the issues
addressed during the visit. Some insurance plans will require prior authorization for
any therapy evaluations such as speech/language or occupational therapy. Care
coordination may be helpful to assist families with prior authorizations and referrals
needed for these appointments especially in families with low health literacy.

Most common developmental assessments, both screeners such as the Bayley
Scales of Infant and Toddler Screener, and comprehensive assessments such as the
Battelle Developmental Inventory, Mullen Scales of Early Learning, and the Bayley
Scales of Infant and Toddler Development, Third Edition, increase the administra-
tion time required as children increase in age. Many centers will change team com-
position depending on the corrected age of the child. For example, a team might
initially see a recently discharged infant with speech pathologist to address feeding,
then subsequent visits will focus more on motor development during the first year
of life, and the therapist evaluator will be a physical therapist or occupational thera-
pist. If the child continues to be followed after 12 months, speech and language
concerns may become more evident between 12 and 30 months. In children without
obvious delays who are without parent concerns about development and do not have
chronic medical conditions, there can be discussion of what to code for the evalua-
tion that will meet insurance coverage requirements for an evaluation. Direct assess-
ment during the clinic visit requires establishment of rapport with an infant or young
child for results to be valid. Though trained therapists and clinicians are skilled at
working with young children, warm-up time does need to be part of a visit for evalu-
ation to be valid. Strategies for professionals to provide this complex care have not
been standardized.

Neonatal follow-up clinics have costs to the institution and family associated
with time required for developmental assessment of young children, complexity of
medical needs in NICU graduates, and need for multidisciplinary assessment.
Nutrition and weight gain are important issues especially in the first few months
after NICU discharge, but often insurance will not pay for nutrition evaluations
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though they might be offered by other stakeholders such as early intervention. Some
clinics will bill their developmental evaluations through the Early Intervention
Program if their providers are credentialed by the state’s Early Intervention Program
and have authorization to perform evaluations in the clinic setting.

Across the United States, some NICU teams have collaborated with other stake-
holders to provide for family-centered, comprehensive collaborative care for high-risk
NICU graduates. The University of Chicago Comer Children’s Hospital and University
of Kansas Medical Center at Kansas City have both created a neonatal medical home
that provides comprehensive care including well visits, sick visits, telephone triage
after hours, and developmental follow-up until age 5 for high-risk NICU graduates.
This collaborative model might reduce readmission to the hospital by providing close
follow-up for NICU graduates by a team very familiar with child’s comorbidities with
the opportunities to address questions and concerns in a timely matter before a child
becomes critically ill.

Nebraska developed a statewide program that began in 2000 coordinated through
the Munroe-Meyer Institute at the University of Nebraska Medical Center in col-
laboration with the Nebraska Department of Health and Human Services and
Nebraska Department of Education and most hospitals with at least level II NICUs
called Tracking Infant Progress Statewide (TIPS). The TIPS program risk stratifies
all babies who were admitted to neonatal intensive care units in Nebraska for sev-
eral days or more into three risk categories at discharge: lowest risk, medium risk,
and highest risk. Lowest-risk infants are initially followed up by questionnaire.
Medium-risk children are evaluated by an interdisciplinary team in a clinic setting
by one of the five statewide clinic teams, usually consisting of a developmental
pediatrician, nurse, developmental specialist, and family members. Highest-risk
infants are referred to early intervention to determine eligibility for services.
Children can shift tiers at any point in the process. Care coordination for medical
problems remains in the medical home. Evaluations are state funded and families
are not billed for services [5].

California has created the California Perinatal Quality of Care Collaborative and
California Children’s Services High Risk Infant Follow-Up Quality of Care
Initiative. California has mandated a set of eligibility criteria for NICU babies and
mandated a timeline for follow-up. The state requires clinical information be
abstracted into a web-based data reporting system up until age 36 months, and the
state reimburses for Medicaid evaluations. California has not mandated which
developmental assessment tool may be used but does offer suggestions (http://www.
dhcs.ca.gov/services/ccs/Pages/HRIF.aspx#current2).

Reduced rates of reimbursement and the drive for evidence-based practice have
created the need for better understanding and research as to what quality patient-
centered, evidence-based neonatal follow-up programs should look like. Because
state resources, hospital resources, and distance that families must travel to neonatal
centers vary, neonatal follow-up programs will need to create systems of follow-up
care that address the needs of their vulnerable graduates. Clinicians that care for
these high-risk children should take into account their institutional costs and the
costs to the families to create a follow-up program that is able to serve the needs of
the community in which they practice.
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Issues in Neurodevelopmental Testing

of Infants Born Prematurely: The Bayley
Scales of Infant Development Third Edition
and Other Tools

Glen P. Aylward

“Developmental assessment is the practice of measuring
children’s strange behavior in strange settings with strange
people for the briefest period of time possible.”

Urie Brofenbrenner, 1977

Abstract Neurodevelopmental assessment of infants and toddlers consists of
administration of specific tasks, observation of behavior, and use of caregiver report.
It is best done in a serial fashion. Issues that affect neurodevelopmental assessment
include secular changes where mean scores increase over time, the need to balance
thoroughness of evaluation with pragmatic issues such as length of the test, and
what functions can be assessed at specific ages. Prediction is often a long-term goal,
but it is difficult due to the tests used, the infant’s current level of function, and the
effects of protective or risk environmental factors. There are various levels of fol-
low-up available for infants born prematurely, ranging from mailings/phone inter-
views to full assessment by a multidisciplinary team. The Bayley Scales have been
the reference standard and have undergone several revisions, the latest being the
Bayley-III. There is concern that Bayley-III scores are inflated. Numerous attempts
at making these scores more comparable to earlier Bayley-II have been minimally
successful. The best solutions available for the Bayley-III are to use a control group
who receive the same test and use different categorical cutoffs to indicate severity of
developmental delays. Other issues that are discussed include correction for prema-
turity, the relationship between ASD and prematurity, and how best to define neuro-
developmental impairment.
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General Issues in Developmental Testing

Developmental assessment consists of three components: (1) administration of specific
tasks, (2) observation, and (3) use of caregiver report. Despite opinions to the con-
trary, there is no “gold standard” in developmental testing. This is due to factors
such as variability in the infant and toddler’s behavior, concerns about item sam-
pling, difficulty adhering to standardization procedures, and the fact that develop-
ment is dynamic and uneven. As a result we have reference standards where a test
serves as a reference standard for comparison purposes, but is not absolute or as
precise as a laboratory value. Instead of sensitivity and specificity, co-positivity and
co-negativity are recommended: co-positivity indicating that both measures under
study are positive for developmental delays and co-negativity meaning both mea-
sures indicate absence of delay.

A second issue in neurodevelopmental testing involves the secular changes in
test norms that occur over time; this referred to as the Flynn effect [1]. Basically,
the average test score inches upward at the rate of 0.3—0.5 points per year, thereby
increasing by as much as 5 points per decade; this is equivalent to 1/3 of a standard
deviation. Stated differently, a test normed in 1995 would currently have a mean
score of approximately 110 versus 100, twenty years ago. This phenomenon has an
impact on longitudinal studies, as the mean scores over a two-decade time span
since norms were published could feasibly increase by two-thirds of a standard
deviation.

The question arises in developmental testing regarding how much is too much.
A balance must be struck between thoroughness of the assessment and what is
practical. Essentially the conceptual does not necessarily translate into the prag-
matic. It is true that a larger number of items increase reliability, but the long dura-
tion of the test might reduce validity of the findings. For example, the Bayley-III
[2] is estimated to take >90 min to complete at 13 months and older. Obviously,
there are very few situations where a 13-month-old would have to sustain perfor-
mance for 1.5 h. Similarly, items on the Bayley-III such as imaginative play or
multi-scheme play yield valuable information regarding the child’s early abstract-
ing abilities and accommodative cognitive skills, but they are time-consuming and
difficult to elicit in a clinical situation. Therefore, failure of these items could be
due to a variety of causes.

What we can assess varies by age, evolving from neurologic — motor — senso-
rimotor — cognitive [3]. This will have an impact on the breadth of assessment at any
given age. For example, it is very difficult to determine the cognitive ability level in
an infant with significant upper extremity motor impairment early on. This becomes
easier as the child ages and motor and cognitive skills diverge. Along these lines,
there is a difference among a skill, a function and an integrated functional unit [3].
A skill could be conceptualized as reaching for or grasping an object. A function
would involve reaching, grasping, and purposefully bringing the item to the infant’s
mouth. An integrated functional unit incorporates reaching and attempting to grasp an
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object but having to overcome a barrier such as a clear plastic box in order to do so.
This behavior is superimposed on reasoning and learning and is a precursor to
intelligence. Related is the concept of canalized behaviors. These behaviors (e.g.,
smiling, babbling, reaching) are “pre-wired” [4] and have been conceptualized to be
based on experience-expectant synapses. These behaviors are simple, do not require
complex neural integration, and therefore are not easily disrupted by medical/
biological issues such as being born prematurely. Many components of early devel-
opmental tests are composed of canalized functions, and this would have a strong
impact on prediction. Complex behaviors are most likely based on integrated neural
interconnections that are more susceptible to insult. However, it is often not possible
to assess these behaviors at early ages, and the effects of potential damage are essen-
tially silent until such behaviors emerge.

Disruption/Insult

Being born early causes disruption in brain development and disordered maturation.
The lower the gestational age at birth, the greater the immaturity and vulnerability
of the infant’s central nervous system. Add to this insult due to issues such as
hypoxemic-ischemic encephalopathy or intraventricular hemorrhage, which involve
the necrotic-apoptotic continuum, release of glutamate, free radicals, and other
inflammatory processes. The combination is sometimes referred to as encephalopa-
thy of prematurity, and it will affect white and gray matter in the areas with greatest
rapidity and complexity of developmental events and in certain cell types and
regions of the brain (e.g., preoligodendrocytes, subplate neurons). This results in
microscopic glial scars, neuronal/axonal damage, and disrupted cell-to-cell interac-
tions [5]. Thus there are multiple risk factors that include being born at extremely or
very preterm (EPT/VPT) gestational age, neonatal complications, and other condi-
tions such as being small for gestational age (SGA) [6]. In reaction to these factors,
which often overlap, are the processes of reorganization and recovery, which will
vary in the individual child. Therefore, disruption, injury, reorganization, recovery,
as well as genetics will work in a complex matrix to make prediction of later devel-
opmental function of an individual infant or toddler difficult.

Prediction

A favorite quote attributed to the late Maureen Hack is “prediction is hard, especially
about the future.” She was spot on. While many developmental test authors eschew
prediction as a purpose of early testing, in actuality, it is one of the main reasons that
this testing is employed in research and other clinical endeavors. There are several,
specific issues that may affect prediction.
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Tests Used

The choice of the test employed will have an impact on prediction. For example, if
a measure of receptive vocabulary such as the Peabody Picture Vocabulary Test-IV
[7] is employed, this may predict later receptive vocabulary, but would not neces-
sarily measure higher-order, more complex verbal skills. In fact, naming vocabu-
lary (which is more advanced than receptive one-word skills) tends to be spared in
those born preterm. Similarly, if the test primarily assesses sensorimotor function-
ing without considering learning or reasoning, predictive utility is compromised.
Learning and reasoning require higher-level cognitive abilities, and these are func-
tions necessary for later intelligence. As the toddler acquires a greater breadth of
representative skills, tests become better at measuring these more complex inte-
grated functions. Age at time of testing is also important, because there may be
quirks in tests at specific ages such as test floors, ceilings, and item gradients
(where a small difference in raw scores could translate into a substantial difference
in scaled scores).

Child’s Current Level of Functioning

If an infant or toddler shows significant developmental impairment, unfortunately
there is better prediction due to a ceiling being placed on the child’s abilities.
Conversely, if a child is found to be at an advanced level of developmental function-
ing, the likelihood of average later functioning or better is increased. Unfortunately,
prediction is poorest in children with moderate delays, and these are the children
who perhaps comprise the largest proportion of infants born at medical/biological
risk and who may benefit the most from intervention services.

Environment

Environment can be a risk or protective factor and will strongly influence prediction.
Environmental influences become particularly evident from 18 to 24 months
onward, although there is evidence that they exert effects even earlier. Verbal and
cognitive functions are the domains most affected by environmental influences.
Moreover, many children born prematurely are at both environmental and medical/
biological risk, essentially placing them at “double jeopardy.” Social risk, family
capital, parent educational level, and the child’s access to educational enrichment
are particularly powerful factors [8].
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Follow-Up Protocols

Depending on the purpose of follow-up, namely, research, clinical, or both, different
protocols are available [9, 10]. These vary in terms of level of assessment as well as
frequency of follow-up contact. The degree of medical/biological risk of the infant
(e.g., born EPT, having severe HIE) will also have an impact on the selection of a
specific follow-up model.

Level 1

This may consist of a telephone interview by a member of the NICU staff. Level 1
follow-up may use a questionnaire such as the ASQ-3 (in part or all subscales) [11],
PEDS:DM, or other screens that can be completed by interview without direct
administration of tasks. This technique is useful in maintaining contact with the
family while monitoring the child’s development. However, this method would not
be sufficient for data collection or clinical purposes without the use of additional
measures.

Level 2

Level 2 involves hands-on screening using screening tools such as the Bayley Infant
Neurodevelopmental Screener [12], the Capute Scales [13], or the Bayley-III
Screener [2]. The benefit of this level of follow-up is that these screenings could be
administered rather quickly, thereby decreasing cost. However, the data derived
from screeners are less precise or detailed, and although they have clinical value,
they are less useful for research purposes.

Level 3

This level of follow-up consists of a comprehensive assessment on a single visit,
often at 18-24 months using a test such as the Bayley-III. This protocol is often
used in research studies such as those run by the NICHD Neonatal Research
Network. While the assessment is comprehensive, it is not serial and therefore may
be affected by the generally uneven course of development.
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Level 4

This protocol incorporates serial assessments by a multidisciplinary team using an
instrument such as the Bayley-III, as well as other discipline-specific evaluation
tools. While thorough and serial, the cost and time required for repeated, detailed
assessment are often prohibitive.

Perhaps the best approach is a combination of these levels. An initial screening
phone contact can be implemented early on, followed by regularly scheduled hands-
on screenings; these periodically interspersed with more detailed evaluations such
as the Bayley-III. This would provide serial, longitudinal data, continuous monitor-
ing, and periodic scores derived from a reference standard for research purposes.
For example, phone screening could be employed at 3 months, hands-on screening
at 6 and 12 months, and more detailed developmental assessment at 24 or 36 months.
This approach can be tailored to meet the needs of individual centers or collaborative,
multicenter studies, and it could also be responsive to the degree of prematurity,
with more detailed and frequent assessment being given to those born very preterm
(VPT) or extremely preterm (EPT).

Age at Testing and Prediction of School-Age Functioning

There is debate regarding how long to follow children born prematurely. School age
is often a desired end point particularly for research studies, but cost and loss to
follow-up are significant concerns. Moreover, there is a “signal-to-noise” phenom-
enon whereby the direct effects of an early, medical/biological risk factor such as
being born EPT (signal) become clouded by subsequent experiences and environ-
mental factors (noise). Conversely, more subtle, high-frequency/low-severity dys-
functions such as ADHD, learning disabilities, behavioral concerns, or executive
dysfunction [14] may not be apparent earlier. Because of these issues, the following
two age ranges often are selected as acceptable follow-up end points to provide
gross estimates of current and later school-age function.

18-24 Months

At this age the ability to predict school-age function improves in comparison to
earlier ages. Cognitive and motor functions diverge, while language and reasoning
skills develop. Intelligence (IQ) per se cannot be measured because the tests are
developmental in nature with IQs being generated by tests administered to children
older than 2 years (preferably 3 or older). The direct effect of an earlier event such
as hypoxic-ischemic encephalopathy on outcome is still more apparent than at later
ages, although environmental effects also become more influential.
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3—4 Years

1Q, executive function, pre-academic readiness, visual motor integrative skills, and
verbal/nonverbal discrepancies can be assessed. However, environmental effects
become stronger, and some IQ tests have weak test floors at early ages, thereby
inflating scores at the lower end. This was the case with the Stanford-Binet-IV
where a raw score of zero at age 3 yielded a standard score in the 70s. Because test-
ing at this age is closer in time to later school-age performance, the correlations
between scores obtained in this age range and later functioning are greater.

At both ages, refusals are problematic. Refusals could be evident throughout the
testing, be present only in assessment of certain areas such as language or motor
function, or occur when the test items become too difficult (ceiling effect). It is
estimated that occasional test refusals occur to some degree in 40% of children.
There is a greater likelihood of refusals in children from lower socioeconomic
households or those at biological risk (e.g., born EPT). This raises an interesting
question in regard to premature infants: are lower scores due to noncompliant test
behaviors true deficits or both [3]?

Tests

A selected listing of both developmental and intelligence tests is found in Table 1.
The listing is not exhaustive, but includes the main infancy and early childhood tests
that are found in published follow-up studies. The focus is up through early school
age and does not include intelligence tests whose beginning age is 6 years or above.

Issues with the Bayley Scales

The Bayley Scales changed significantly from the original Bayley Scales (BSID; [15])
and the Bayley Scales of Infant Development-II (Bayley-II; [16]) to the Bayley Scales
of Infant and Toddler Development (Bayley-1II; [2]). In the former two versions, a
Mental Developmental Index (MDI) and a Psychomotor Developmental Index (PDI)
were produced. With the introduction of the Bayley-III, Cognitive, Language (Receptive
Communication and Expressive Communication), Motor (Fine Motor and Gross
Motor) subscales replaced the MDI/PDI concept; caregiver-completed Adaptive and
Social-Emotional scales were also included. The MDI was split into the Cognitive and
Language subscales (r’s = 0.60-0.67 for MDI and Cognitive composite; r’s = 0.71—
0.87 for MDI and Language composite). The PDI was transformed into the Motor
subscales and the correlations ranged from 0.60 to 0.65.

Comparison of the BSID to the Bayley-II, both administered to 200 children
(1-42 months; mean age 15.5 months), produced a BSID-II MDI and a PDI that
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Table 1 Developmental and intelligence tests used in infancy and early childhood

Date of

Test publication | Age range Comments

Griffiths (developmental) 1996; 2016 | 0-2; 2-8 years Used primarily in UK; five
scales

Mullen Scales (developmental) | 1995 0-68 months Visual receptive/
expressive; language
receptive/expressive

Bayley Scales of Infant and 2006 16 days to 42 Cognitive, language

Toddler Development-I11 months (expressive, receptive),

(developmental) motor (fine, gross),
social-emotional, adaptive

Differential Ability Scales-II 2007 2.6-3.5upto4 Originally developed from

(DAS-1I) (Intelligence) subtests the British Ability Scales

Goes up to 17.11
Stanford-Binet V for Early 2005 2-5 years; can also | Five scales; can also derive
Childhood (intelligence) be applied to 6 and | an abbreviated Battery 1Q
7 year olds (ABIQ), based on two

subtests

Wechsler Preschool and 2012 2.6-7.7 FSIQ, VIQ, PIQ

Primary Scale of

Intelligence-IV (WPPSI-IV)

(intelligence)

Kaufman Assessment Battery 2004 3-18 Sequential, Simultaneous

for Children-2 (KABC-2) Processing, Mental

(intelligence) Processing Index

NEPSY-II (neuropsychological) | 2007 34 Not IQ but various
functions

were 12 and 7 points lower than the BSID MDI and PDI, respectively [16]. This
trend was reversed in a later comparison of 102 children (mean age 14.8 months)
who were given the Bayley-II and Bayley-IIl. Here the Bayley-III Cognitive
Composite was 6 points higher than the MDI, while the Motor Composite was 8
points higher [2]. Other studies indicated that the Cognitive score was up to 10
points higher and the Motor by as much as 18 points in comparison to the MDI and
PDI [17]. Of note is the fact that the Bayley-III norms included 10% of “at-risk”
infants and toddlers (the premise being that mixed sampling reflects the diversity
found in the so-called normal population) [18, 19]. This method could inflate the
norms and decrease sensitivity. This situation would be even more problematic if
the at-risk children were not evenly distributed across all age ranges of the norma-
tive sample.

The Bayley-II/Bayley-III discrepancies result in two problems: (1) in longitudi-
nal research studies, the Bayley-III yields higher scores than the Bayley-II raising
concerns in regard to comparisons of different cohorts, that is, differences in scores
attributable to improvements in medical care, to test issues, or to a combination of
both possibilities; and (2) clinically, the Bayley-III scores may be inflated and lead
to under-identification of children needing intervention services [18]. Of concern is
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the fact that differences between Bayley-II and Bayley-III scores are particularly
problematic at the lower end of the normal distribution [20].

This raises the question as to whether the Bayley-II might be too conservative
[21]. However, even if it was the case, this does not explain why, when using the
Bayley-III, some control populations have received mean scores greater than 1 SD
above the mean [22] while children born EPT received scores that were in the aver-
age range. This has been arguably called the “reverse Flynn effect,” a term that does
not clarify the conundrum.

Attempts to Reconcile Bayley Scores

There have been numerous attempts to make the scores obtained on the Bayley-1I
and Bayley-III more comparable. These include:

e Combine Bayley-III Cognitive and Language scores into a Composite score
(CB-III). Moore et al. [23, 24] found that the Composite was still 7 points higher
than the MDI and the inflated combined score was more strongly influenced by
the Language versus the Cognitive Composite score.

* Moore et al. [23, 24] used nonlinear regression to produce a predicted MDI from
Bayley-III scores. Although there was some improvement in comparability, the
algorithm resulted in a SD of 23 points. A least squares regression [20] was used
to convert Bayley-II to Bayley-III scores. Greater discrepancies were found at
the lower end of the continuum (e.g., a Bayley-II MDI of 60 would convert to a
Bayley-III cognitive score of 87; an MDI of 110 would convert to a Bayley-III
cognitive score of 117). The resultant differences in scores could range from 7 to
27 points, again with greater differences in the lower range of functioning.

e Use of a developmental quotient score [25] was attempted, but developmental
age is an imprecise measure, and standard deviations are not the same at each age.
For example, at 36 months a cognitive raw score of 69 yields a composite score of
90 but an age equivalent of 28 months (8-month delay). This equals a DQ of 78.
At 18 months a cognitive raw score of 48 again yields a composite score of 90, an
age equivalent of 16 months (2-month delay) and a resultant DQ of 89. This com-
parison reveals raw scores that produce the same standard scores could have mark-
edly different DQs due to marked variations in age equivalents. Moreover, DQs are
totally dependent on the numerator of the ratio, which is derived from the test that
is administered. The test, in turn, may or may not have acceptable item gradients,
and this will affect the validity or accuracy of the numerator.

* The use of different cutoffs for categorization [26] has been proposed. A cogni-
tive score of <70 is typically used to indicate significant neurocognitive impair-
ment; a motor score of <70 is considered indicative of significant motor
impairment. However, given the apparent inflation of the Bayley-III scores, cutoff
scores of 80 or even 85 versus 70 have been recommended. This appears to be
the most parsimonious approach to handling the apparent inflation in Bayley-III
test scores.
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Going Forward

One way to address the Bayley-III concerns is to prospectively employ a normative,
full-term comparison group [18, 27]. If the full-term controls show no change in
scores but the premature infants do, then the difference could be attributable to factors
found in the preterm group. However, if scores for both groups improve or decline,
there is an increased likelihood of problematic psychometric issues. The normative
group could also be compared to standardized norms; if the means are different, it is
advisable to use the normative group scores versus the standardized norms for
comparisons because various studies have suggested that impairment rates may be
underestimated if standardized norms are employed [22, 28].

Children at risk should not be included in standardization norms because this
tends to inflate scores. Norms for specific clinical groups could be obtained for
comparative purposes. Given that reconciliation efforts between the Bayley-1I and
Bayley-III have largely been unsuccessful, these should probably stop, particularly
since the Bayley-III has been in use for the last decade. While it is possible that the
Bayley-1I underestimates development or the Bayley-III overestimates develop-
mental scores (or both possibilities are true), this issue will most likely not have
closure. Moreover, a Bayley-IV will be coming out in the future, and this will render
such comparisons moot. With regard to categorical cutoff scores, there is no prob-
lem with Bayley-III cognitive scores of <70 being considered severe impairment.
However, another category that includes children scoring in the 70-80 or 70-85
range should be considered. These children demonstrate compromised development
and are categorically different than those in the normal range.

Controversial Topics Needing Resolution

A consensus is needed regarding several follow-up issues. This listing is by no means
exhaustive, but rather it highlights three recurring concerns.

Correction for Prematurity

The question exists as to when children born preterm will catch up to peers. The answer
depends on the specific outcome being considered and the actual degree of prematurity.
Children born preterm arguably may never totally catch up [29]. Rather, differences
between those born preterm and their peers become less obvious over time.

The general consensus is that correction is needed in the follow-up of preterm
infants. Correction up through 2 years is perhaps the most popular convention,
although correction to 3 years has also been endorsed. Some authors recommend cor-
rection into early childhood [30]. Recently, Wilson-Ching et al. [31] revisited the cor-
rection issue using Bayley-III normative data to compare corrected and uncorrected
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scores for 1, 2, 3, and 4 months of prematurity. They also compared these differences
using baseline scores of 100, 85, and 70 (test mean, 1 and 2 standard deviations below
the mean). These comparisons were made at 6, 12, 24, and 36 months. The authors
reported that larger differences between scores were related to the degree of prematu-
rity, higher baseline scores (85, 100), and younger age at time of assessment (particu-
larly below 24 months).

With I and 2 months of prematurity, there was a 5-point difference at 2 years and
no difference at 3 years, regardless of baseline score (70, 85, or 100). However, with
3 or 4 months of prematurity, differences ranged from 5 to 10 points at 2 years and
were 5 points at the 3-year comparison. Greater differences were found at the upper
two scores, suggesting a floor effect at the score of 70. The authors also report a
several-point difference between corrected and uncorrected scores at later ages.
Moreover, application of age bands on the Bayley-III [32] or later intelligence tests
[30] has an impact. The difference between corrected and uncorrected scores
increased when the child’s assessment age was closer to the beginning cutoff of a
normative age band [29].

It appears that correction should definitely be employed for all gestational ages
or functional levels at 2 years for cognitive outcome. At 3 years there is evidence to
suggest correction be used in children born at 28 weeks’ gestation or earlier. Perhaps
simply adding 5 points to the obtained score could be investigated further [31].
There still is the question as to whether similar findings would be obtained with
regard to motor or language function. In addition, it is not established whether
correction be made to 37, 40, or even 42 weeks [31, 33].

Autism Spectrum Disorders (ASD) and Prematurity

There are reports of an increased incidence of ASD in children born prematurely,
particularly in those born <32 weeks’ gestation or <1500 g, the OR being approxi-
mately 3. The incidence is also higher in males [34, 35]. The main concern here is
that there is a confound between ASD and developmental disabilities in the preterm
population [36]. There is a greater chance of receiving an ASD diagnosis in pre-
terms who also have CP, hearing or visual impairment, or severe cognitive impair-
ment. This makes it difficult to determine whether the ASD diagnosis is inappropriate,
is comorbid with developmental disabilities, or is both. Therefore, caution is neces-
sary because there may be a high false positive rate due to coexisting neurodevelop-
mental disabilities [24].

Definition of Neurodevelopmental Impairment

Cognitive and/or motor scores <70, cerebral palsy, bilateral blindness, and hearing
loss requiring amplification are often combined when considering severe neurode-
velopmental impairment. This practice produces a heterogeneous group because
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children may be included based on significantly different criteria or combinations of
criteria. Inasmuch as the most frequent impairment is a developmental score <70,
investigators have suggested not mixing these different conditions due to qualitative
differences and variability in the rate of occurrence.

In summary, although progress continues to be made in our understanding and
application of neurodevelopmental testing of children at risk, there still are areas
that require further refinement and consensus as to best practice. These include, but
are not restricted to, a more thoughtful approach in the developmental of the
Bayley-1V that would enhance both diagnostic accuracy and predictive validity, a
consensus on the best ages to test outcomes (i.e., 1824 months and/or 3—4 years),
agreement on how best to handle correction for prematurity (perhaps developing an
algorithm that includes gestational age, age at testing, and area of function), and
further investigation of the relationship between ASD and prematurity.
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Abstract Developmental-behavioral measurement is fundamental to clinical deter-
minations about children’s and families’ needs. Such measurement consists of three
main types (listed in order of complexity): (1) screening, (2) mid-level assessment,
and (3) diagnostic tests. The three types of measures depend on the same psycho-
metric precepts although screening tests, despite their inherent brevity, depend on
an additional construct: proof of accuracy. In this chapter, we focus on standards in
test construction with additional emphasis on the psychometry of screening tests
because screens are deployed more frequently and serve as a fundamental decision
point for whether more complex measures are needed. For example, screening test
results help identify whether children require further vision, hearing, or lead screen-
ing referrals for further evaluation by special education services and/or to develop-
mental-behavioral pediatricians or other subspecialists. The powerful role of
screening tests in decisions that profoundly affect families’ lives means that screens
must be especially well-constructed. This review of methods in psychometry high-
lights how to research and review developmental-behavioral measures including
screening tests. Crucial to test selection is an understanding of principles and policy
in standardization, reliability, and validity, including accuracy computations in the
case of screening tests, and utility—practical considerations in measurement.
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Developmental-behavioral tests have enormous impact of the lives of children and
families. Tests help professionals decide whether: (a) there is a likelihood of
problems requiring further evaluation; (b) children are progressing given specific
conditions and treatments; (c) specific disabilities are present; (d) identified disabili-
ties require unique medications and/or other treatment; (e) children are eligible for
intervention programs, and if so which services are needed; and (f) parents need
assistance (e.g., with mental health issues). Test results, when concerning, encour-
age nuanced clinical reasoning, including prompt explorations of potentially causal
factors (e.g., whether receptive language deficits are due to hearing loss or whether
motor delays are due to cerebral palsy) [1].

Given the crucial role of test results in professional decision-making, an under-
standing of psychometry is essential for (a) clinicians using established tools (but
who perhaps wonder why results should be trusted or need a better understanding of
the scores produced); (b) committees selecting tests for early detection initiatives or
study protocols; (c) researchers constructing new questions or entire tests, measur-
ing outcomes, or adapting tools for use in other nations; (d) reviewers of journal
manuscripts involving experimental or established instruments; and (e) training in
developmental-behavioral pediatrics including medical and nonmedical profession-
als. The goal is to summarize the precepts of test construction and the standards by
which quality measures can be judged.

Methods

Reviewed were textbooks on psychometry including those created by professional
societies establishing standards in test construction (N = 14), along with research
studies on methodology (N = 40). Also scrutinized were technical manuals for
various measures (N = 132).

Results

This review paper is prefaced by an explanation of measurement types, measure-
ment methods, and types of test scores, followed by guidance on how to create and
pilot new test items. Presented next are the five essential components of test con-
struction along with a rationale for each component and the requisite supporting
sub-studies: (a) standardization, (b) reliability, (c) validity, (d) accuracy (in the case
of screening tests), and (e) utility.
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Table 1 Types of developmental-behavioral tests, measurement methods, and test scores

Types of tests and measurement methods

1.

Screening tests are brief tools that sort those with possible problems from those without [5].
Further evaluation is required to confirm and define possible problems. Screening tests are
usually administered by parent self-report or interview, but sometimes via direct elicitation
by clinicians, i.e., hands-on to children. Screening tests are considered broad-band if
multiple developmental domains are measured versus narrow-band if only focused on a
single domain (e.g., language or behavior) or a single condition (e.g., detection of autism
spectrum disorder). Broad-band measures are administered first to facilitate identification of
a range of possible problems. Narrow-band tools are then used to refine the type of possible
problem

2.

Diagnostic tests identify types of disabilities (or lack thereof). A multidisciplinary team is
usually required (e.g., a psychologist, speech-language pathologist, developmental-
behavioral pediatrician, social worker, special educator) with each professional administering
tests within their sphere of expertise, adding clinical acumen and then collaborating in
decisions about diagnostic assignations. Measurement methods with children are usually
hands-on, in combination with skilled observation. For parent-report measures, skilled
interviewing is used. Diagnostic tests are always narrow-band (e.g., measuring dimensions
of intelligence, versus language, etc.), and so multiple diagnostic measures are required to
render a diagnosis

3.

Mid-level assessment tests are less complex than diagnostic measures but more detailed than
screens. Jumping from screens to diagnostic evaluations is expensive, time-consuming, and
wasteful of money better spent on actual intervention. Mid-level assessments offer an
economical approach to measurement, a thoughtful view of strengths and weakness (e.g.,
scores across developmental domains), metrics useful for determining eligibility for services
(e.g., under the US individuals with disabilities education act (IDEA)), and lessened needs
for a costly multidisciplinary team. Although mid-level assessment measures do not render a
final diagnosis, they tend to be broad-band in nature and produce age-equivalent and raw
scores across domains. Such scores are responsive to effective treatment and are particularly
useful for outcome studies and progress monitoring. Measurement methods may take many
forms: Professional interview, parent self-report, direct elicitation of children’s skills, or a
combination of approaches.

Types of test scores

1.

Raw scores, standard deviations, standard scores. Raw scores are a simple count of the
responses to items (scaling could be binary, ordinal, or continuous). Changes in raw scores
over time indicate differences in performance, but because the number of items within
measures varies, raw scores neither enable a comparison across tests nor provide a uniform
indicator of typical versus extreme performance. To add meaning to various test results, the z
score transformation is used to convert raw scores for each age or grade group into standard
deviation units [7, 8]. Z scores identify how much performance departs from average and
usually have the following distribution (as shown in Fig. 1): More than 68% of children
score within 1 standard deviation above or below the mean (i.e., =1 o). Far fewer (<14%)
score within the second standard deviation above or below the mean. Only ~3% score within
the third standard deviations above or below the mean, thus signifying rare, asymptotic
results. Because the z score range is restricted (from —3 to +3 with decimals in between),
other standard score metrics are almost always applied to z scores

(a) Quotients are the most familiar standard score and assign a mean of 100 and standard
deviation units of 15. So in viewing the Weschler scales of intelligence in Fig. 1, most
children receive scores of 100 + 15 points. Quotients generally have the following
meanings but must be considered in terms of performance demands (e.g., for a child
attending a rigorous private school, test performance in the average range may be below
average in comparison with peers)

(continued)
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Table 1 (continued)

<74 Very poor
77-84 Poor

85-90 Below average
91-114 Average
115-120 Above average
121-130 Superior
>130 Very superior

Quotients tend to remain the same over time, and when so, this means a child is continuing to
learn skills at the same rate (but also see comments on Flynn effect and recommendations for
adjustments when comparing various editions of measures below?) [2, 9, 10]. Dropping or
rising quotients mean a child is learning more slowly or more quickly than prior testing
predicted. For quotient changes to be considered significant, a difference of six or more points
is needed [7, 11, 12]

(b)

Scaled scores are used to describe performance on subtests of diagnostic measures. For
example, on the various Weschler scales of intelligence, each subtest produces a scaled
score of 10 with a standard deviation of 3

(©

T-scores express standard deviation scores but use a mean of 50 and a standard
deviation of 10

(d)

Percentile ranks are another type of standard score into which grade placement, but
preferably age is factored to produce rankings. Percentiles have a range between 0.1 and
99.9. A percentile of 20 means that a student performed in the lowest 20% of all
children, while a percentile of 86 means that a child scored at the top 86%. Percentiles
are helpful for expressing relatively fine differences in performance within the average
range because they cluster heavily in the standard deviations just above and below the
mean. Percentiles do less well at defining how high- and low-functioning children
perform (e.g., all quotients <65 render the same score: the first percentile). The
interpretation of percentiles varies according to the accepted meaning assigned to the
variables measured and by the context of peer comparisons. For example, the 16th
percentile through the 25th percentile are acceptable for height, weight, and head
circumference but are always concerning when it comes to preschool and school skills:
teachers tend to aim instruction toward the middle third of learners, and so children
performing at the bottom of the class are rarely taught at their unique “proximal zone of
development,” i.e., beginning with lower level prerequisite skills [13, 14]. Difficulties
with learning often occur when children perform at or below the 25th percentile. In
addition, percentiles, as with any standard score, need to be evaluated in light of the
performance of students’ actual peers and immediate performance demands (e.g., scores
at the 50th percentile are likely to be inadequate in a challenging private school if most
learners achieve at the 80th percentile or higher)

(e)

Stanines (an abbreviation of “standard nine”) divides the range of performance into 9
deviation units, with 1-3 indicating below average, 4-6 average, and 7-9 above average.
Stanines are reported (along with percentiles) on group-administered academic
achievement tests in elementary and secondary schools. Differences of two or more
stanines are considered substantially discrepant and suggestive of possible learning
disabilities. For clinicians reviewing school records, the stanine range offers clear
information about performance levels

(continued)
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Table 1 (continued)

2.

Age-equivalent scores/grade-equivalent scores. As a consequence of the somewhat
invariant nature of quotients or other standard scores, age-equivalents and raw scores offer a
more responsive metric for outcome studies. Age/grade equivalents may be non-
standardized and if so are created by viewing the average raw score for each age/grade
group. But even if tied to standard scores, age-/grade-equivalent scores remain an uneven
metric due to swift changes in skills especially in younger children (see Fig. 2). There is an
enormous difference in skill sets between a child who is 1 year, 1 month of age and a child
who is | year, 11 months of age. The latter is usually talking and walking, the former is
often not. Similarly, a first grader performing at the first grade, 1-month level at the end of
first grade (when most children are performing at the first grade, 9-month level) is a child
who is surely failing with the tasks at hand

Age-/grade-equivalents offer some practicality as an ever-changing continuous variable that is
enormously responsive to developmental changes and interventions. Age-/grade-equivalents
are also helpful for selecting instructional materials and age-appropriate toys. Nevertheless,
the metric is often confusing to both parents and professionals. For example, a 10-year-old
working at a 5-year level is not the same as a 5-year-old working at a 5-year-old level. The
former child will have trouble with abstract thinking and problem-solving, while the latter
child will not [7, 11]

Age-equivalent scores are expressed as “year-month” (e.g., 2 years plus 3 months = 2-3).
Grade equivalents are expressed as “grade-month” (e.g., second grade, third-month = 2.3). As
with percentiles and other standard scores, when tests produce a range of age-/grade-
equivalent scores, averaging these into a single result may be less than meaningful, especially
if there are substantial strengths and weaknesses in skills [2, 7, 11, 12]

3.

Cutoff scores are used almost exclusively with screening tests to sort children with probable
problems from those without. Cutoffs facilitate immediate clinical decisions (e.g., whether a
referral for services is needed after a well-visit). Cutoffs are described with a range of terms
although all have the same meaning (e.g., optimal versus suboptimal, milestones met versus
unmet, high risk versus moderate or low risk). Issues in creating and using cutoff scores are
described in section “Accuracy”

“Flynn effect refers to the finding that quotients, most particularly intelligence scores, tend to rise
over time (e.g., 3-5 points per decade). Despite efforts of test authors and publishers to adjust for
this when re-standardizing measures, differences in performance across test editions remain. Some
studies of the Bayley-III scores found them to be almost one standard deviation higher than those
rendered by the Bayley-II [8, 10]. This creates headaches for longitudinal studies using different
versions of measures over time (e.g., NICU follow-up and for reevaluation of IDEA eligibility)
(For an extended discussion of Flynn effect and how to compare the Bayley-II and —III, see [9,
10]). Even so, Flynn effect may not explain fully higher scores on the Bayley - III. Over-inclusion
of children with psychosocial risk factors at some age levels is more likely - leading to an inflated
indicator of “average” performance. For this reason, restandardization via the Bayley - IV is under-
way and expected to be available by late 2019.
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Fig. 1 Graph of performance distribution and types of standardized scores (© Glascoe FP, Marks
KP, Poon JK, Macias MM. eds. Detecting and Addressing Developmental and Behavioral
Problems: A Practical Guide for Medical and Non-medical Professionals, Trainees, Researchers
and Advocates. Nolensville, Tennessee: PEDStest.com, LLC; 2013 Used with permission)

Types of Measures, Measurement Methods, and Test Scores

There are three essential types of developmental-behavioral measures varying by
purpose, focus, complexity, measurement methods, metrics rendered, time demands,
and requirements for professional skill [2—6]. Table 1 provides a description of the
three types of tests, typical measurement methods, and types of test scores.
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3-0 to 3-11

2-0 to 2-11

1-0 to 1-11

0-0 months to 0-11 months

Fig. 2 Unevenness of equivalence scores (showing age-equivalents in years and months) (©
Glascoe FP, Marks KP, Poon JK, Macias MM, eds. Identifying and Addressing Developmental-
Behavioral Problems: A Practical Guide for Medical and Non-medical Professionals, Trainees,
Researchers and Advocates. Nolensville, Tennessee: PEDStest.com, LLC; 2013, used with
permission)

Creating and Piloting Items/Tests

After identifying theoretical constructs (e.g., domains of development, dimensions
of mental health problems), thoroughly reviewing literature, and defining study
goals, researchers may discover the need to create new questions or multiple items
comprising a new test. Needed are skills in writing clear and understandable
questions, ensuring quality translations, and piloting items to assess effectiveness.
Table 2 lists considerations in creating, translating, and testing new questions.

Standardization: Purpose and Procedures

Although item development and piloting are usually conducted using local sites
(e.g., nearby clinics), to ensure a new test is generalizable to a broad population
(e.g., families across the USA), studies using national samples are required. Test
standardization (sometimes referred to as “norming”’) involves multiple procedures
that enable each examinees’ performance to be compared to peers throughout the
nation [2, 7, 8, 11, 12]. Table 3 lists guidelines for standardization and the various
required studies.

Reliability

Reliability studies establish how well tests produce consistent results. Such studies
reveal relationships among test items and whether measures render similar scores
under differing conditions. Using the results, researchers can identify and remove
redundant items or items that do not perform well. For example, a test item is less
than helpful if all children of the same age are successful (meaning an item is too
easy) or if all are unsuccessful (meaning an item is too difficult) [7, 8]. Table 4
describes the essential reliability studies in studies.
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Table 2 Guidance in creating, translating, and piloting new items/tests

1.

Ensuring clarity of item content and proscribing stimuli. In order to discern which children
and families differ from peers for better or worse, items must be clearly written so that all
examinees are presented with exactly the same task. For example, “knows letters” is far too
vague to be consistently measureable (e.g., how many letters? Which letters? Uppercase?
Cursive?). Effectively written items carefully define content (e.g., “names lowercase letters
of the alphabet when presented out of order”) as well as any required stimuli (e.g., pictures
or objects) needed to elicit responses [15—17]. The Centers for Disease Control and
Prevention has a particularly helpful publication on item writing and presentation of visual
stimuli (www.cdc.gov/healthliteracy/pdf/Simply_Put.pdf accessed October 2016)

Writing directions and prompts. Directions to children or parents require careful stipulation.
In the above example, “Point to the ‘C’”” would not elicit the skill of letter naming. Instead,
examiners’ questions should be, “What is this?” or “Tell me what this is?”” Any needed
follow-up prompts should be delineated (e.g., if a child answers, “that’s a letter,” examiners
are prompted to ask, “Which letter? What’s the name of this letter?””). Guidance is needed for
what examiners are allowed to say after a task is attempted (e.g., non-specific feedback such
as “Good trying.” (whether or not the answer is correct) but not, ““You remember, we talked
about this letter yesterday.”) [15-17]

3.

Ensuring readability and intelligibility. Tests intended for youth or parent self-report should
be written at or below the fourth grade level (average reading and receptive language skills
of a 9-year-old) to ensure that 90% of parents can read and respond [18]. If test items are
difficult to read or comprehend, problems occur (e.g., repeated requests for clarification,
random answering, skipped items). The online Plain Language Medical Dictionary and its
smartphone app can help researchers and clinicians identify commonly used, everyday terms
(e.g., “tummy” not “abdomen”; “learning problem” not “developmental disability”) (www.
lib.umich.edu/plain-language-dictionary accessed October 2016)

Readability analyses are available on websites (e.g., https://readability-score.com/ accessed
October 2016) and are useful for testing reading levels as well as demands on receptive
language, i.e., intelligibility. Readability is influenced by polysyllabic words and sentence
length. This means that short response options such as those on multiple-choice tests can
falsely deflate reading indicators [19]. For example, first graders (average 6-year-old reading
level) can often read words such as “yes,” “no,” and “sometimes” but not the complex
sentences or questions that precede such answer options. Therefore readability/intelligibility
indicators should be based on the stem questions with multiple-choice answers analyzed
separately

4.

Translating items and vetting translations. Although 337 languages are spoken (or signed) in
the USA, the majority of the population speaks English (80%) followed by Spanish (13%)
(www.census.gov accessed October 2016). In Canada, there are two official languages,
English and French. Yet, 200 different languages are spoken across the country, with more
than 20% (6.8 million people) of the population speaking a language in the home other than
the two official languages (www12.statcan.gc.ca accessed October 2016). If current
immigration patterns to Western nations persist, it is clear linguistic diversity will become
the rule not the exception; this is significant challenge for test developers. Researchers
creating test questions for national use in the USA will need to generate, at a minimum, both
English and Spanish versions for standardization studies (Spanish is the de facto or an
official language in four US states plus Puerto Rico). Spanish is a particular challenge
because the USA has Spanish speakers from more than 20 national/territorial backgrounds.
Idioms and colloquial expressions vary accordingly, and these may change the intended
meaning of a word or phrase in unexpected ways. In Canada, English and French translations
at a minimum are required

(continued)
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Table 2 (continued)

The history of advertising when translated from English to Spanish is rife with expensive
debacles (e.g., the American Dairy Council’s “Got Milk?” campaign rendered in Spanish,
“Are you Lactating?”; Chevrolet’s Nova did not sell well because Nova can be interpreted as
“No Go”) [20]. It is possible to create a single, simple Spanish translation that is commonly
understood across regional and national language variants, but translation and back translation
are only the beginning. Needed is vetting by multiple translators from a variety of national/
regional backgrounds along with trials by clinicians and parents in a variety of geographic
locations. Such an approach is recommended by the International Test Commission in their
guidelines for translation and adaptation of tests [21]

5. Pilot testing. After vetting test questions, response options, needed stimuli, and translations
for clarity, researchers should pilot all items to see how well they work. “Cognitive
interviewing” is often used whereby researchers ask a small group of subjects across the
socioeconomic spectrum about their reactions to, and thinking about, test items [22]. This
process may indicate that some questions are ineffective and that rewording is needed. Once
satisfied with results, researchers often conduct additional pilot studies to determine
whether any items are duplicative or if certain items fail to capture skills (e.g., at each age
level)

Validity

Validity studies establish that the scores or results produced by instruments measure
what they claim to measure and thus whether interpretation of results is supported
by real-life evidence. For example, validation of a new test of school skills should
reveal a close relationship with established diagnostic measures of academic
achievement. There are many types of validity studies in quality test construction
including concurrent, construct, convergent, discriminant, predictive, and criterion-
related (described separately in section “Accuracy”) [4, 5, 11, 15, 16]. Note that in
contemporary psychometric theory, all forms of validation testing are part of con-
struct validity. Nevertheless, we retain distinctions (e.g., content; convergent etc.,)
to emphasize different methods of validation. Table 5 lists types of validity studies
and analyses required.

Accuracy

In primary care, screening measures are used to make critical decisions about the
need for further evaluation. In many nations, children are screened routinely (e.g.,
universally at specific ages, at targeted well-visits, upon enrollment into preschool
programs, when referred to special education programs). Developmental-
behavioral measures serve as a crucial conduit into intervention and treatment
(e.g., by Head Start, IDEA, formal parent-training, developmental-behavioral/neu-
rodevelopmental pediatricians, etc.). Accurate screens are known to improve detec-
tion and referral rates as well as enhance clinical acumen (e.g., whether hearing,
vision, or lead screening is needed) [43—45]. Given that screens are applied to the
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Table 3 The five steps in standardization of measures

1.

Identifying national demographics and administering measures to a nationally
representative sample. Authors need to identify the sociodemographic characteristics of the
entire country in which norming will occur and then administer the new measure to a study
sample that reflects the nation as a whole. In America, US Census Bureau data are used to
determine population percentages for each variable essential in test norming (www.census.
gov accessed October 2016). Variables include ethnicity, levels of parents’ education,
primary languages spoken at home, poverty levels, and locations (e.g., rural versus urban).
Geographic regions (e.g., North, South, East, Midwest, etc.) should be thoroughly sampled
because there are substantial differences across nations in the meaning of a “less than a high
school education” (e.g., 4-6 completed grades is common in some areas, while in others
9-11 completed grades is more typical, http://factfinder2.census.gov accessed October
2016). A similar process could be conducted in countries where there is sufficient data on
the demographic composition of the population. In Canada, for example, census data and
routine national surveys both of which are conducted by Statistics Canada (a federal
agency) and can be used to determine the composition of samples needed for norming

Selecting sites, ensuring naturalistic sampling, and eliminating selection/spectrum bias. If
creating a test applicable to the general population of children and families, standardization
sampling should occur in relevant settings (e.g., primary care, day care, preschool) ([3-5, 11,
12, 15, 16]. Such settings include families with a variety of demographic characteristics as
well as children with disabilities and giftedness. While it may be surprising to include
children with exceptionalities when standardizing a test, all are part of the overall population,
and their presence in a sample ensures that test norms capture the full range of performance
and thus inform the meaning of average. Simply adding in a group with known disabilities is
not wise, because the continuum of performance may not be captured [3-5, 15, 16, 23]

Proportions of exceptional children in the study sample should be based on prevalence figures
such as those provided by the Centers for Disease Control (www.cdc.gov accessed October
2016), World Health Organization (www.who.int, accessed October 2016), and statistics from
the Individuals with Disabilities Act (IDEA) (www.ideadata.org accessed October 2016). For
the birth through 18-year-old population, 16—-18% is the accepted rate for disabilities
(although there are differences in prevalence by age) and ~2% for giftedness

For most tests, it is best to avoid norming only on unique populations such as clinic-referred
children, i.e., those with probable problems, because this skews the meaning of average
(downward) and may, when it comes to accuracy studies, (described below) result in
improbable sensitivity as well as under-referrals. Nevertheless, exceptions may be needed
when tests are designed for, and used exclusively with, unique populations (e.g., to answer
research questions such as, “How does this extremely low birth-weight child compare to
others with this condition?”)

Separate norms are not advised for subgroups (e.g., children with low socioeconomic status,
various ethnicities) because all children are held to virtually the same curricular standards as
they approach school entrance [24]. Tests need to reveal when mastery of critical skills,
including prerequisites, has or has not occurred, regardless of psychosocial risk factors that
often result in lower scores

(continued)
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Table 3 (continued)

3. Ensuring a sufficient sample size. Diagnostic measures focused on children’s skills require
scoring tables for each month of age. For screening tests relying on milestones, scoring
usually changes in 1-month increments in the first year of life, in 2-month increments in the
second year of life, etc. A minimum of 100-200 children for each age group/scoring change
are recommended. With the advent of web-based data collection, it is not uncommon to see
tests standardized on thousands of children per age-range/scoring change. Large norming
samples ensure that the range of performance is thoroughly captured for each age group and
for each demographic variable [4, 16]

4. Viewing collective performance to determine what is probably average and what is not. This
process enables authors/researchers to assign scoring criteria to items (e.g., how many
numerals are named by most 5-year-olds versus 4-year-olds). For diagnostic tests, the
determination of average performance by age/grade involves computing standard deviation
units from which standardized scores (e.g., quotients or percentiles) are derived [7, 8, 15, 16,
21]. Establishing the cutoff scores needed for screening tests is described in section
“Accuracy”

5. Updating standardization on a regular basis. Demographics change with time (e.g., in the
USA, the Latino population is growing rapidly, languages other than English are
increasingly common, etc.). School curricula often change—meaning that preschool
readiness items must be updated (e.g., to include phonological awareness skills). Test
stimuli can become dated. For example, many tests had to be revised because children,
when shown a rotary dial telephone, could not name it correctly. The various societies
focused on measurement standards and scholars in psychometry recommend re-norming
tests at least every 10 years [4, 7, 8, 15-17, 21]

general population of children in order to sort into those with probable problems
versus those unlikely to have problems, screens require additional research pro-
cesses and standards not required for assessment or diagnostic tests, i.e., accuracy
studies [3, 5, 6]. The steps toward establishing accuracy are shown in Table 6.

Utility

Utility, also called Feasibility, covers practical issues in testing and test selection
focused on costs and time-related expenses. Table 7 provides a list of topics to
consider.

Several studies produced scalable models for calculating testing expenses by first
determining overhead (meaning hourly or per minute costs such as salaries,
equipment, rent, insurance, materials, etc.) and then assigning time/costs spent on
measurement compared to reimbursement or other funding [17, 58—60]. Quality
improvement initiatives can thus focus on reducing the time-related costs of
measurement in favor of the expense of far more fruitful activities, i.e., intervening.
Scalable models also assist professionals selecting among measures that are
comparable in scope but differ in terms of time, types of scores, training demands/
costs, etc.
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Table 4 Requisite reliability studies in test construction

1.

Test-retest reliability reveals the consistency in performance over a short interval of time
(usually 1-2 weeks) when a test is readministered to the same child by the same examiner.
Dramatically inconsistent performance is often due to lack of clarity in directions or to
stimuli that are ambiguous and easily misinterpreted. Nevertheless, minor performance
differences are to be expected (due to fluctuations in memory, attention, fatigue, etc.). To
express agreement, some authors use correlations, and some use the Kappa statistic
(although standards for Kappa are vague because it accounts for chance agreement and
lacks consensus among statisticians for rating significance) [25]. In fact, Kappa and the
intraclass correlation coefficient have been shown to be statistically equivalent [26]. While
most psychometrists prefer to express test-retest reliability as a percentage of agreement,
caution is warranted because this does not take into account chance agreement. Standards
for test-retest reliability are at least 85% agreement for brief screening tests but higher for
diagnostic and assessment measures [7, 8, 11]. Although not commonly used, a statistic
called relative improvement over chance (RIOC) was created to adjust for the problem of
low prevalence conditions affecting agreement on tests such as Kappa [27]. The statistics is
interpreted the same way as a correlation coefficient (RIOC = 1.0 representing perfect
agreement)

Inter-rater reliability demonstrates how well two different examiners, when testing the same
child across a short interval of time, can render virtually the same results. If a test can be
administered in multiple ways (e.g., by interview versus parent self-administration versus
hands-on by examiners), inter-method reliability studies should be conducted to test
agreement across measurement approaches. Again, 85% agreement for screening tests, but
higher for diagnostic and assessment tests, serves as a standard for both inter-rater and
inter-method reliability [7, 8, 11]. Generalizability theory (G-theory) can be used to estimate
sources of error/variability for different facets of reliability (e.g., test-retest, inter-rater, item
level), all within a single study [26]. Practically, this avoids having to estimate different
aspects reliability by conducting multiple studies. However, the design of so-called G-studies
is more complex, more time-consuming, and therefore more expensive than typical
inter-rater study designs. Once the largest sources of error to reliability have been identified
using G-theory studies, D-theory or decision-theory (D-study) can be used to model changes
in implementation of the test that will lead to increases in reliability. For example, if the
largest source of error to reliability comes from low inter-rater agreement, increasing the
number of raters (and/or providing better training and monitoring) may be advisable.
D-studies allow the test developer to make decisions regarding test administration and/or
item modifications for further development and testing of the scale

Internal consistency demonstrates that related items coalesce, i.e., items within the same
domain cluster together and do not excessively relate to other domains. For example, if
motor items are highly correlated with language items, that probably means verbal directions
for motor tasks place too many demands on receptive language skills and thus penalize a
child with good motor ability but poor language comprehension [7, 8, 11, 16, 17]

Measures of internal consistency also show which items are so highly intercorrelated as to be
duplicative and thus safely removed. Techniques in item analysis and item discrimination are
often used to identify and eliminate nonfunctioning items (e.g., those that are too difficult or
too easy) with the goal of reducing test length to an optimal set of questions [7, 8, 11, 16, 17,
28]. Afterward, Guttman’s Lamba, Cronbach’s alpha, or similar statistical techniques are
used in reporting internal consistency among the final set of items (including any subtests).
Desirable values for Cronbach’s alpha are usually set at >0.70; however, it should be noted
that this statistic is very sensitive to the number of test items: the more items, the higher
Cronbach’s alpha will be, independent of whether the items truly coalesce. It is important to
bear this in mind when interpreting results using this statistic

(continued)



Best Practices in Test Construction for Developmental-Behavioral Measures. .. 267

Table 4 (continued)

Increasingly, a technique known as item response theory (IRT) is used for the purpose of item
reduction (see Streiner [29] for a very accessible discussion of this technique). In brief, IRT
allows the test developer to assess the discrimination ability (difficulty level) of individual
items in a single test and thereby facilitate the identification of items with the greatest
discriminative ability. It should be noted however that IRT was original developed in
education for high-stakes testing involving hundreds of items (e.g., medical school
admission or licensing examinations). In such situations, it is obviously desirable to reduce
the items and therefore reduce respondent burden without a significant cost to either
reliability or validity of the test results. For many screening scales used in child
development, where the number of items is typically much smaller, it is not at all clear IRT
offers much beyond what can be done with more conventional, psychometric approaches to
item analysis

4. Stability, although not requisite in test construction, is helpful because stability indices
indicate that scores are consistent over long intervals of time (e.g., across 3 months to 6
years). For example, if children perform in the above-average range at Time 1, stability
coefficients will show (ideally) above-average performance at Time 2. Standards for stability
indicators are not well established, which is understandable given the rapid changes in young
children’s skills (especially on repeated brief screening tests), and so a common way to show
whether performance is broadly stable is by viewing agreement in performance as captured
by standard deviations between Time | and Time 2 (e.g., if performing two standard
deviations below the mean at Time 1, to what extent is performance within the same standard
deviation at Time 2?). Identifying factors likely to promote or deter developmental progress
(e.g., presence or absence of psychosocial risk and resilience factors, significant injuries or
illnesses, early intervention) is much needed to interpret stability indices [30-32]

A particularly productive approach to viewing stability is use of change scores, sometimes
called “growth indicators.” By retesting children over time, rates of skill acquisition can be
viewed; sorted into above average, average, or below average; and then used to identify
children who learning more slowly than others

Discussion

Test construction is Euclidian in nature—there are postulates and axioms that must
be followed for proving that measures work well. Although researchers summarize
psychometric data in published studies, the in-depth information about the (gritty if
somewhat soporific) details of item development, translations, standardization,
reliability, validity, and accuracy are only to be found within test manuals. This
means that panelists selecting measures for any programs need to obtain and read
test manuals to best understand the strengths and weaknesses of specific tests.

Utility issues also deserve consideration: tests and testing incur costs to both
parents and services. Given options among quality measures, choices should be as
parsimonious as possible so that the bulk of professional time is spent not on testing
but rather on advising families and facilitating access to needed services.

It is beyond the scope of this article to identify the many different instruments
measuring child development and behavior. Although numerous reviews exist, new
research and new editions of measures are published frequently. Thus only the most
current reviews of tools are recommended and preferably reviews that clearly iden-
tify instruments meeting psychometric standards [60, 61].
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Table 5 Types of validity studies

1.

Content/face validity does not involve statistical analysis but focuses instead on gathering
professional opinion that items are likely to tap the domains and skills of interest. Authors
should vet new items prior to conducting standardization and reliability studies and evoke a
range of professionals who are thoroughly grounded in the intended foci of the new tool
(e.g., speech-language pathology researchers should be asked to evaluate language items for
both scope and sequence) [4, 5, 11, 15, 16]. Often this is conducted is an unstructured, ad
hoc way but it need not be. A formal process could involve selecting a sample of experts
(which could include clinicians, psychometricians, and other content experts but also
parents and/or other end users). Domain and corresponding items with detailed descriptions
could then be provided to these respondents and each asked to rate all items using a simple
ordinal scaling response (e.g., 1 = the item is not relevant to 4 = highly relevant). Statistics
such as the content validity ratio (e.g., Lynn [33]) can then be used to assess each item
based on expert opinion. Qualitative methods, such as respondent interviewing or focus
groups to collect data on the perceived content validity of each item using expert input,
could also be considered

Concurrent validity compares the test under study with reference-standard measures
(informally referred to as “the gold standard,” although in the field of child development,
“bronze standard” is a more accurate referent), i.e., tests that are well-established, proven,
effective, and diagnostic [2, 4, 5, 15-17]. The diagnostic battery should include measures
tapping the same domains as the new test (e.g., if motor, language, and academic skills are
assessed in the experimental test, then the criterion battery should include diagnostic
measures of motor, language, and academics). Screening tests should not be used as the sole
reference standard when validating a new measure—the error inherent in screening can
compound rather than overlap. Thus “head-to-head” comparisons of new and existing
screens should compare each screen to the diagnostic battery and not exclusively to other
screens whenever possible

To conduct concurrent validity studies, a subset of randomly selected children from the
standardization sample are administered the experimental measure along with the reference
battery. To eliminate bias, examiners are usually blinded to results of the experimental test.
Correlations between measures should show close and significant relationships between “like
subtests” (e.g., language items on the experimental test correlate with language subtests on the
reference battery) [11, 12, 16]. Concurrent validation research is highly expensive and thus
inevitably dependent on funding whether from publishers or via grant support

3.

Construct/convergent validity studies are much like internal consistency, but in this case, the
focus is on whether items or subtests on the research tool have meaningful associations with
established measurable theory about the phenomena studied. For example, if child
development is considered to have verbal and nonverbal dimensions, then the expressive and
receptive language items on an experimental measure should be shown to cluster with the
verbal factors on the reference battery, while fine and gross motor items should correlate
with nonverbal factors. Factor analysis is the most commonly used technique for establishing
construct validity for new measures [11, 12, 16]. But more sophisticated statistical analyses,
such as confirmatory factor analysis using structural equation modeling, should be
considered when (1) the sample size is sufficiently large enough (n > 200 cases) and (2)
there is a clearly hypothesized factor structure to be tested

(continued)
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Table 5 (continued)

4,

Discriminant validity is a subtype of construct/convergent validity but in this case determines
appropriate lack of association between disparate constructs (e.g., verbal items on the tool
under development should not have significant correlations with nonverbal factor scores on
diagnostic measures). A more meaningful approach is the use of discriminant validity studies
to search for distinct performance patterns according to the conditions of interest. To conduct
these studies, types of disabilities are categorized via the reference standard battery and used
as dependent variables via logistic regression, discriminant function analyses, latent class, or
similar structural equation modeling [12, 16, 34]. Independent variables are the items or
subtests on the new measure. An example of helpful results is that children whose only
disability is motor impairment are found to perform differently than children for whom
language impairment is the only disability. Such information is useful for determining
whether a measure has limitations in detecting certain conditions and thus whether
alternative tests should be used (See additional discussion of discriminant sensitivity in
section “Accuracy”.)

5.

Predictive validity studies are not requisite in test construction but are desirable because
these view how well a test measures enduring and meaningful dimensions of child
development. Such research involves measuring children with both the experimental test and
the diagnostic battery (Time 1) and then administering the same measures later in life (time
2). Time frames vary in studies and can be as little as 3 months or more than two decades
[35-42]. It is sometimes also desirable to use other, clinically meaningful (or policy relevant)
outcomes, such as performance on standardized educational tests or referrals to specialized
medical or allied health services to examine predictive validity. This may be especially
relevant in the context of population-level screening scales, where it is of interest to know if
scoring in the delayed or atypical range on a test truly leads to negative developmental
trajectories later on. In Australia, Canada, and most US States, standardized assessments of
school readiness are administered to all children. Of much interest is determining whether
scores on a screen administered prior to school entry can be used to predict which children
are likely to have limited school success so that appropriate supports can be put in place as
early as possible

Because child development is complex and ever-changing, there are no defined standards for
predictive validity, but in general, a statistically significant correlation with outcome measures
signifies a predictive relationship. Accuracy indicators such as sensitivity and specificity are
sometimes used, but achieving the levels demanded for concurrent criterion-related validity
(described below) should not be expected. It is worth noting that in predictive validity studies,
it is not uncommon to find certain items or subtests that were not concurrent indicators but,
instead, enjoy a long-term association with various outcomes or conditions diagnosed later in
life (e.g., learning disabilities). Essential for longitudinal studies is creative exploration of
results, careful tracking of families over time, and documenting intervening variables (e.g.,
participation in early intervention, changes in psychosocial risk factors) [38]. Loss to
follow-up, whether by voluntary withdrawal or a failure in tracking, is of particular concern in
longitudinal studies. Missing data can and often does introduce significant bias, particularly
as it is often the most vulnerable families (and therefore those children with the greatest risk
for developmental problems) who are lost to follow-up. Finally, as with all longitudinal
research, ongoing funding is necessary to minimize subject (and researcher) attrition

6.

Criterion-related validity, usually referred to as Accuracy, is the application of decision
theory to screening test results [2, 5, 11, 16, 17]. Accuracy studies identify the likelihood of
problems and thus facilitate clinical dispositions (e.g., whether or not to refer for further
evaluation). Because a unique level of proof is needed to establish accuracy, the research
procedures required are described in section “Accuracy”
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Table 6 Standards for accuracy research with screening tests

1.

Identifying performance criteria to be applied to the reference standard battery. A
particularly practical approach is to use criteria for special education eligibility (e.g., for
diagnosing learning disabilities, academic performance, that is, >1 standard deviation below
1Q; for 0-3-year-old services, two >30% delays relative to chronological age) [15, 17, 46].
Although IDEA criteria vary across US States, there are more commonalities than
differences in eligibility standards (http://ectacenter.org accessed October 2016). There will
be some differences in standards across countries globally, but the logic remains the same

After identifying types of disabilities, these are then grouped into a single category, i.e.,
disabled, while children without diagnosed conditions are grouped into a single category, i.e.,
typically developing. But recognizing that developmental status is not binary (meaning there
are children who perform below average and who are not eligible for special education but in
need services such as Head Start or tutoring), researchers often create a third group from the
nondisabled category to reflect children with delays (e.g., academic, language, and cognitive
skills <25th percentile). Because tests of accuracy depend on binary groupings, the three
groups (disabled, delayed, and typical) can then be clustered in more than one way to
determine how well screens detect all three groups (e.g., disabled + delayed versus typical;
disabled versus delayed + typical)

2. Selecting a subsample that mirrors prevalence. Test authors usually over-sample children

with disabilities and families with psychosocial risk factors in order to view performance
differences for validation studies. For accuracy studies of screens intended for use in general
settings (e.g., community pediatric clinics, day care centers), it is essential to compute
accuracy only on a group in which the incidence of risk factors, demographics, and
exceptionalities mirrors prevalence (www.cdc.gov accessed October 2016). Statistical
software offers sampling methods for constructing a representative population

(e.g., www.spss.com accessed October 2016)

3.

Determining optimal cutoff scores on screens. Having established one (and preferably more
than one) way to group reference tests into binary results, the next step is to determine
optimal cutoff scores for the screen. The goal for setting cutoffs is to detect the greatest
number of children with problems while also correctly identifying the greatest number of
children without problems. Receiver operating characteristic (ROC) is often used to plot
scores on screens (e.g., number of items passed) against the binary categories created by
grouping performance on reference standard measures (e.g., presence/absence of disability)
[47]. ROC analyses help identify the optimal cut point for maximizing test accuracy, and
some researchers spend vast amounts of journal space reporting “the area under the curve.”
But a simple comparison of continuous scores on screens against binary categorization

(of problems versus no problems) on diagnostic measures more readily answers clinical
questions such as, “My patient passed a screen but what is the chance that the screen missed
a problem?” And conversely, when faced with a problematic result, a clinician may well
wonder, “What is the chance my patient truly has a problem?” Figure 3 is an example of
terms assigned to the intersection of screening test and reference standard results that are
then used in the computation of screening accuracy

Computation of screening test accuracy. Using the subset of children administered both
diagnostic and screening measures and ensuring that the subsample is nationally
representative, there are a number of computations required and each has its own
terminology

(continued)
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Table 6 (continued)

(a) Sensitivity (co-positivity). This analysis answers the question, what percentage of
children found to have problems on the diagnostic battery were detected by a screen?
The computation involves dividing the numbers of true/co-positives by the sum of true
positives/co-positives + false-negatives. In Fig. 4, 16 of 20 children diagnosed also
performed poorly on screens, but 4 of the 20 diagnosable children passed the screen.
So sensitivity is 16/20 = 75%

Ideally, all children with disabilities score below cutoffs on a screen and are thus identified
as needing referrals for further evaluation. In reality, detection of disabilities is imperfect due
to behavioral noncompliance, psychosocial malleability, age-related skill changes in
development, and imperfections in reference tests (hence the reason for the term
co-positivity), compounded by the necessary brevity of screens. So minimal standards for
sensitivity are 75-80%. While these figures may seem low, many tests fail to attain this level
of accuracy. Higher sensitivity may be found if using stringent performance criteria on the
reference battery (e.g., Tenth percentile or lower), but such criteria are not appropriate if a
screen is designed to identify not only children who probably need IDEA programs, but also
those with milder delays who need services such as Head Start or quality day care (e.g.,
<16th percentile). Nevertheless, because screening tests should be readministered over time
wherein information gleaned from surveillance activities can also be brought to bear
especially on negative (meaning passed) screens, detection rates will improve given repeated
measurement [43-45]

(b) Specificity (co-negativity). This analysis answers the question, what percentage of
children found to have typical development on diagnostic measures also passed the
screen? The computation involves dividing the number of true/co-negatives divided by
the sum of true/co-negatives + false-positives. In this example, 80 children had typical
development on diagnostic testing, and 70 passed the screen, but 10 did not. So
specificity is 70/80 = 88%

Ideally, all typically developing children pass screening tests (100% specificity). But
the realities of measuring children’s development do not accord such accuracy. So
75-80% specificity is a minimum standard, but within that range, closer to 80% or
higher is desirable because there are many more typically developing children than not:
For each decrement in specificity, there is a geometric increase in potential over-
referrals. Thus the balance of sensitivity and specificity needs to be tipped toward
specificity, if at all possible, while still keeping sensitivity in the 75-80% ballpark for
screening test standards [3, 5, 6, 46]

Although Fig. 4 provides an overall indicator of sensitivity and specificity, it is important to
prove that a screen is accurate across age-ranges and unique age-associated cutoff scores.
Figure 4 provides an example

(¢) Negative predictive value and under-referral rate answer the question, if a child passes
a screen, what is the chance that he or she does not have an actual problem? The
computation involves dividing the number of true/co-negatives by the sum of true/
co-negatives + false-negatives. In this case, 70 out of 74 children with a passed screen
were not found to have problems on diagnostic testing. So the negative predictive value
is 70/74 = 95%, meaning a 95% chance that a child who passed screens does not have a
problem. Under-referral rate is a better way of explaining negative predictive value by
answering the question: what percentage of children did a screening test fail to detect
correctly? The computation divides the number of children without problems on
screens by the total number without problems on diagnostic testing. In this case, four
children who passed screening were found to have a problem on diagnostic evaluations,
s0 4/74 = 5%. This computation is the same as subtracting negative predictive value
from 100%, and so in this example, 100% minus the 95% = 5% under-referral rate, i.e.,
a 5% chance that a problem was missed

(continued)
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Table 6 (continued)

(d) Positive predictive value and over-referral rate. These analyses answer the question, if
a child fails a screen, what is the chance that he or she truly has a problem, i.e., what
percentage of problematic screening results are actually associated with problems on
diagnostic measures? The computation involves dividing the number of true/
co-positives by the sum of true/co-positives + false-positives. In this example, 16 of 26
children who failed the screen also had problems on diagnostic testing, but 10 of the 26
children who failed the screen did not have a problem on diagnostic testing. So positive
predictive value is 16/26 = 62% but see the over-referral rate discussion below.
Over-referral rate answers a clinically relevant question related to positive predictive
value: What percentage of children were over-referred for seemingly unnecessary
evaluations? The computation involves dividing the false-positives (those who did
poorly on screens but did not have a problem on diagnostic tests) by the total number
of positive screening results. In this case, 26 children had positive results but 10
children were false-positives. So the over-referral rate is 10/26 = 38%. This
computation is the same as subtracting positive predictive value from 100%. In this
example, 100% minus the positive predictive value of 62% = 38% over-referral rate

It is important to note that the 38% over-referral rate does not reflect 38% of all patients,
but rather only 10% (10 out of 100 patients). Even so, clinicians are often unnecessarily
alarmed at over-referral rates and may be reluctant to refer as a consequence. Negating this
assumption is a study (of four different screening tests compared to a reference standard
battery) in which approximately 70% of over-referred children had numerous psychosocial
risk factors and scored at or below the 25th percentile on diagnostic measures of intelligence,
language, and academic achievement (the point below which regular classroom instruction is
less than optimally effective) [49, 50]. Thus over-referrals often identify children who do not
qualify for special education programs such as IDEA but still need other interventions (e.g.,
Head Start, Title I public school services, parent-training, quality daycare, social services,
mental health programs, etc.). Although it is important to report positive predictive value/
over-referral rates on screens, it is also important to parse the lower range of functioning into
those likely eligible for special needs programs versus those not eligible but in need of other
help, to enable clinicians to refer children to appropriate services [49]

(e) Discriminant sensitivity (also known as discriminant accuracy) is a relatively new but
helpful technique in evaluating screening tests’ strengths and weaknesses [17, 46, 51].
Discriminant sensitivity addresses the question: Is a screen equally sensitive and
specific to below-average versus average/above-average performance across each
developmental-behavioral domain (as measured by the reference battery)? Figure 5
provides an example

A related approach is to view a screen’s sensitivity to each diagnosis rendered by the
reference battery to answer such questions as: Is a screen as adept at identifying children
with motor coordination difficulties versus language impairment or autism spectrum
disorder? Limitations in sensitivity, i.e., <70% for a specific condition suggest the need to
add a narrow-band screening tool to broad-band screening measures (e.g., a tool focused on
detecting autism spectrum disorders) [17]. Nevertheless, narrow-band tools are not designed
to detect the full range of disabilities and delays and should never serve as the sole
developmental-behavioral screen

(continued)
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®

Longitudinal predictive accuracy is another advance in screening test psychometry and
answers such questions as: Do children who pass screens early in life, continue to
perform well? Not all screening tests enjoy such studies and standards for longitudinal
predictive accuracy are not well-established. Achieving levels expected for concurrent
sensitivity and specificity (~>75%) should not be expected (e.g., due to recovery from
illness, changes in psychosocial risk, effects of intervention). Meanwhile, it is not
uncommon to find certain screening test items or subtests that lack concurrent
associations but instead have long-term associations with conditions diagnosed later in
life. Essential for longitudinal studies is creative exploration of results, careful tracking
of families over time, and documenting intervening variables [17, 36-42, 52-55]

(e

Hit-rates—an accuracy indicator to avoid. Hit-rates are the total number of children
for whom a screening test gave accurate information when compared to diagnostic
measures. Co-positives and co-negatives are added together and then divided by the
entire sample (co-positives + co-negatives + false-positives + false negatives). Like the
Kappa statistic, hit rates are misleading because the preponderance of screening test
results is co-negatives, i.e., most children are typically developing and perform well on
both screening and on diagnostic measures. This means that specificity carries
excessive weight. For example, a high hit rate (e.g., 91%) could mean that 99% of
typically developing children were correctly detected (e.g., 89 out of 90) but only 20%
of children with problems were correctly detected (e.g., 2 out of 10). So hit rates can
mask serious flaws in accuracy (and most especially serious flaws in sensitivity), and
reporting hit rates is actually outlawed in some countries [49]. Statistics such as RIOC
can be used in situations where base prevalence is low to adjust for problems of skewed
marginals (i.e., more non-cases than cases reflected in row and column tables in 2 x 2
tables)

(b)

Other optional accuracy indices. When healthcare providers serve a preponderance of
low income or vulnerable patients, it is helpful to offer information on what to expect
in terms of screening test failures. Computing base rates by clinic/population type is an
effective way to alert clinicians that national prevalence figures for disabilities may be
an underestimate of the frequency/incidence with which screening tests are failed in
at-risk populations [46, 56, 57]. For example, Brixey et al. [56] found elevated rates of
screening test failures in clinics serving mostly Medicaid patients. Roux et al. [57]
showed that children screened through a non-emergent crisis call center (where parents
with multiple psychosocial risk factors were calling about eviction, food instability,
etc.) had even higher rates of screening test failures. Thus it is helpful if authors
calculate base-rate performance differences (usually expressed as simple percentages
of problematic results) according to various types of populations screened

Reporting odds ratios is a helpful adjunct to accuracy studies because they express the
likelihood of diagnosable problems according to types of results rendered by screening tests
(e.g., high risk = 11 times the chance of diagnosis as compared to low-risk children; moderate
risk = 4 times the chance, etc.). Logistic regression is the statistical technique typically used to
generate odds ratios/likelihood estimates

For researchers studying existing measures, test manuals should be scrutinized
carefully to ensure that research protocols deploy administration methods in accor-
dance with each test’s specific directions. In the absence of such adherence, it is not
uncommon to find published studies in which quality instruments have been soundly
criticized even while the researchers mis-administered the measures under study



Diagnosis

Screening Test NO YES
70 4 74
pass | (co-negatives/ (false-
true-negatives) negatives)
10 16
(false positives) | (co-positives/ 26
Fail true positives)
80 20

/100

Fig. 3 Terms used in accuracy indices for screening tests (Aylward et al., 2008; [3, 5, 6, 17, 48]). The
figure should have a copyright notice below it reading: @Frances Page [46] (from Glascoe FP, Marks
KP, Poon JK, Macias MM (eds). Identifying and Addressing Developmental and Behavioral Problems:
A Practical Guide for Medical and Non-medical Professionals, Trainees, Researchers and Advocates.
Nolensville, Tennessee: PEDStest.com, LLC, 2013). True/co-positives: the number of children with
problematic screening scores who were also found to have problems on diagnostic testing (N = 16).
True/co-negatives: the number of children who not only passed screening but also performed well on
diagnostic testing (N = 70). False-positives: the number of children with problematic screening scores
but who were not found to have problems on diagnostic testing (N = 10). False-negatives: the number
of children who passed screening but were found to have problems on diagnostic testing (N = 4)

Age in months Ns failing Sensitivity Ns passing Specificity
items/Ns items/Ns
below 16" above
Yotile 16" %tile
0-2 41/59 70% 260/298 87%
3-4 61/65 94% 289/355 81%
5-7 75/87 86% 297/387 77%
8-10 58/76 76% 282/338 83%
11-13 70/82 85% 343/386 89%
14-16 43/51 84% 228/273 84%
17-19 68/80 85% 355/442 80%
20-22 41/49 84% 261/319 82%
23 -25 67/72 93% 318/342 93%
26 —28 24/30 80% 205/228 90%
29-33 67/77 87% 277/337 82%
34-28 58/67 86% 329/359 92%
39-43 93/111 84% 433/519 83%
44 —48 60/68 88% 214/275 78%
49 - 53 60/79 76% 379/473 80%
54 -58 24/34 71% 277/330 84%
59 - 65 44/56 79% 255/301 85%
66 — 72 24/30 80% 185/213 87%
73 -83 32/41 78% 200/250 80%
84-95 67/82 82% 446/497 90%
TOTAL 1077/1296 83% 5833/6922 84%

Fig. 4 Example of age-focused accuracy studies showing sensitivity and specificity for a screen-
ing test in identifying total score performance on a diagnostic battery of developmental and behav-
ioral/social-emotional skills (©From Glascoe FP, Robertshaw NS, Woods SK. PEDS: Developmental
Milestones Professional Manual. Nolensville, TN: PEDStest.com, 2016. Used with permission)
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Domain N failing Sensitivity Ns passing Specificity

item/Ns items/Ns

below 16" above
Y%tile 16th%tile

Fine Motor 200/232 86% 911/1130 81%
Gross Motor 172/197 87% 678/828 82%
Expressive Language 146/176 83% 866/1003 86%
Self-Help 138/157 88% 922/1058 87%
Receptive Language 177/218 81% 938/1138 86%
Social-Emotional 133/177 75% 797/936 85%
Academic/Preacademic 111/ 139 80% 676/825 82%
(for children 39 months
and older)
TOTAL 1077/1296 83% 5788/6918 84%

Fig. 5 Example of a discriminant accuracy study identifying domain-specific performance on a
reference-standard diagnostic battery (©From Glascoe FP, Robertshaw NS, Woods SK.
PEDS:Developmental Milestones Professional Manual. Nolensville, TN: PEDStest.com, 2016.
Used with permission)

Table 7 Considerations in utility/feasibility

(@

Material costs. Although the price of a test kit is amortized across the many children to
whom a measure is administered, ongoing costs include purchasing test protocols or
photocopying (if allowed), as well as replenishing stimuli for hands-on tests because these
are often lost or damaged over time (e.g., when needed blocks, dolls, scissors, crackers, cups)

(b)

Administration and scoring costs. The longer the measure and the more complicated the
scoring, the more professional time is required. Hands-on measures cost more to administer
than those relying on parent report. Even so, the more difficult the reading and thus
intelligibility levels, the more lengthy interviews are required (along with re-explanations of
item intent). For the same reasons, administration time/costs rise if translations are not
carefully vetted (or if interpretation services such as language line (www.languageline.com)
do not have copies of vetted translations)

©

Report writing costs. Time-related professional expense includes the creation of test reports
such as a parent take-home summary and/or a referral letter. Absence of decision support
within test manuals contributes to the post-service cognitive work required and thus to
professional expense. Some tests enjoy web-based services that not only generate scores but
also reports with recommendations based on test results (e.g., when to refer to special
education services versus enrichment programs) such as Head Start versus parent-training.
Although electronic applications tend to cost more (e.g., per encounter or per site), such
expenses offset the costs of professional time

(d

Duplicative measurement costs. When subspecialty clinics (e.g., cardiology and NICU
follow-up) use measures rendering quotients but not the types of scores needed to
determine early intervention eligibility (e.g., age-equivalents, percent of delay), early
intervention professionals must administer alternative measures. Such unnecessary
duplication creates expense and reduces monies available for intervention itself

(e)

Training costs. Some tests require professional training. Training may incur fees or may be
freely available on publishers’ websites. In any case, there are costs for professional time
spent, with or without certification/training expenses
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(e.g., substituting professional opinion for the proscribed method of parent/profes-
sional hands-on administration; failing to interview when test protocols were
incomplete) [62—-65].

Researchers asked to review manuscripts focused on new or existing tests, also
need to be thoroughly familiar with each measure under study and with standards
for test construction. Such familiarity helps discern careful research procedures
from faulty ones (e.g., whether tests were administered correctly, whether validity
studies used reference standard diagnostic batteries). Reviewers of journal articles
and those making funding decisions about the development of new tools should be
aware that authors may wax exuberantly about their emerging measures and may
make undue recommendations for ubiquitous use, i.e., “Scientists cannot be too
careful to avoid falling prey to their own enthusiasm” (p. 13) [66]. Avidity for
deployment of tests not fully proven to work is a conflict of interest with the goal
of providing optimal care for children and families—whether tools are freely or
commercially available. This article should aid reviewers in identifying when
studies of new tools remain in pilot stages and help authors report the limitations
of their work.

For those creating new items or entirely new tests, the current review provides
helpful highlights of essential standards in test construction. Although it is not pos-
sible to cover the wide-range of specific statistical methods applicable to item anal-
ysis, standardization, validation, etc., test authors are encouraged to explore titles in
the reference section. All test authors must keep in mind that the goal of any instru-
ment is to best detect or define children’s difficulties so that professionals can, in
turn, best assist families. This task cannot be accomplished confidently without
adhering to standards in test psychometry.
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Abstract Children who have required intervention in the Neonatal Intensive Care
Unit (NICU) for prematurity, low birth weight, or medical conditions may require
long-term services to optimize their success when they become school age. The
specific type and level of intervention may vary across development. The purpose of
this chapter is to provide a review of the types of services available to children
throughout their school experience. Every child with a disability is entitled to a free
and appropriate education (FAPE) under the Individuals with Disabilities Act
(IDEA) from birth to age 21. Additionally, there are safeguards through Section
504 of the Rehabilitation Act (Section 504) of 1973, which is a civil rights law
protecting the discrimination on the basis of a disability in organizations that benefit
from federal funding (e.g., schools). Modifications under IDEA and Section 504
will be reviewed.

Children who are born premature or with complications that require a Neonatal
Intensive Care Unit (NICU) stay may be at elevated risk for requiring specialized
services in the school [1, 2]. Early intervention for these NICU graduates is optimal.
Some of these NICU graduates may require ongoing accommodations in school that
extends past preschool years. There are several factors that may predict the need for
services in these children such as time spent in the hospital, illness, and days on
mechanical ventilation. The purpose of this chapter is to describe special education
law as indicated by the Individuals with Disabilities Act (IDEA) and Section 504 of
the Rehabilitation Act of 1973 (Section 504).

A recent report from the National Center for Education Statistics indicated that
12.92% of all children between ages 3 and 21 in the United States receive special
education services as a child with a disability, totaling 6.5 million children verified
with a disability [3]. In 1975, Congress enacted Public Law 94-142, then titled the
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Education for All Handicapped Children Act. This was an extension of the previous
Education of the Handicapped Act and was meant to ensure that children with a
disability receive a free and appropriate education through providing financial
assistance to schools. Prior to the enactment of Public Law 94-142, more than half
of the over eight million children with disabilities in the United States were not
receiving appropriate educational services, and more than one million identified
children were excluded from the school system entirely [4].

Since it was first enacted, Public Law 94-142 has gone through several revisions,
which began to emphasize the importance of also identifying children with a dis-
ability early. The most recent of these revisions is the Individuals with Disabilities
Education Improvement Act [5]. Through these revisions, IDEA began to put more
emphasis on inclusive parent roles and responsibilities in their child’s special educa-
tion, effective implementation of special education services, professional develop-
ment for personnel who work with children with disabilities, providing incentives
for whole-school services (i.e., a movement that focuses on increased integration of
school and health services), and supporting the use of technology, such as assistive
devices [5, 6]. Public schools must comply with IDEA in order to receive the funds
provided, and noncompliance with IDEA can result in a removal of these funds
from the schools.

There are four parts of IDEA: Parts A, B, C, and D. Part A includes general pro-
visions, and Part D indicates national efforts for improving the education of children
with disabilities. Parts B and C highlight the provision of services for children with
disabilities, with Part C highlighting early intervention services for children from
birth to 3 years old and Part B highlighting school-age services for children from
ages 3 to 21 years.

Eligibility for Special Education

Under IDEA, a child with a disability must be identified in 1 of 13 eligibility catego-
ries: autism spectrum disorder, cognitive disability, deaf-blindness, developmental
delay, emotional disability, hearing impairment, severe multiple disabilities, ortho-
pedic impairment, other health impairment, specific learning disability, speech and
language impairment, traumatic brain injury, and visual impairment. For more
information on eligibility criteria for each category, see Appendix 1. Of particular
interest to medical professionals is the category of other health impairment, which
can include conditions such as attention-deficit/hyperactivity disorder (ADHD),
diabetes, epilepsy, heart conditions, hemophilia, Tourette’s syndrome, and sickle
cell anemia. This category can also include any diagnosed medical condition which
causes significant impairment in a child’s ability to participate in learning and
requires documentation from a medical professional (e.g., pediatrician) familiar
with the child’s condition.

Special education eligibility differs from a medical or clinical diagnosis of a
disability in several ways. For a child to be verified as a child with a disability under



Primer on Special Education 285

IDEA, there must be a documented need for special education services. In other words,
a child may meet clinical criteria for a diagnosable disability, but if the child is able
to succeed in an educational environment at an appropriate level without special
education assistance, they are not a child with a disability under IDEA and therefore
do not qualify for special education services. It must also be determined that the
child’s disability is not primarily a result of limited access to appropriate instruc-
tion, or the result of limited English proficiency. In these ways, a school-based eval-
uation can look much different from a medical or clinical evaluation, may draw
from different sources of information, and may come to a different decision. This
can be frustrating to many parents and professionals, as they are being told the child
has a disability in one setting, but not in another setting. It is helpful for medical,
clinical, and school professionals, as well as parents, to maintain open communica-
tion about the child’s educational needs in order to coordinate care for the child
most effectively between settings.

If a child does not meet eligibility criteria for special education services, it does
not mean that they do not receive appropriate school-based interventions. IDEA
reserves that 15% of funds may be used toward early intervening services, including
school-wide and targeted interventions for children. Therefore, if a child is falling
behind in school, rather than waiting for the child to fail, thus requiring special
education services in the future, that child is best served by receiving immediate
appropriate interventions, which are individualized to the child’s level of need,
regardless of the setting in which that child is in.

In addition, a school-based eligibility decision should be made by a multidisci-
plinary team of professionals, and information for eligibility should draw from a
variety of sources, including aptitude and achievement tests, parent and teacher
input, and information about the child’s physical condition, social and cultural
background, and adaptive behavior. It is important to recognize that a parent, as
defined by IDEA, includes not only the child’s biological parent but also adoptive
parents, stepparents, guardians, or any other adult whom the child lives with and is
responsible for their welfare [5]. No single assessment measure can be used to
determine a child’s eligibility, and the child must be assessed in all areas of
suspected disability.

Part B

Under Part B, schools are required to provide a free and appropriate public education
(FAPE). It is important to note here that FAPE guarantees only an “appropriate”
education, not the “best possible” education. In a 1982 United States Supreme
Court Case, a school district had denied an interpreter to a student with a hearing
impairment who succeeded at expected levels in a general education classroom
with the assistance of an FM hearing aid [7]. The Supreme Court determined that
IDEA does not ensure a “potential-maximizing education” and that special educa-
tion services must be “reasonably calculated to receive educational benefits [7].”
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Additionally, Part B states that a child with a disability, to the maximum extent possi-
ble, be educated in the least restrictive environment possible. Therefore, children
who are able to participate in a general education classroom with children without
disabilities should be able to do so whenever possible, regardless of whether they need
additional support or services in that environment.

Children who qualify with a disability under Part B are required to have an
Individualized Education Program (IEP). An IEP states the child’s current level of
academic achievement and functional performance and states the child’s goals for
the year. The child’s progress with IEP goals are documented within the IEP
throughout the year, often on a quarterly basis. The goals should be clear and mea-
surable. For example, consider the goal, “Michael will improve his ability to solve
math problems as indicated by his teacher.” This goal does not specify how the
outcome will be measured in an objective way. Therefore, it would be difficult to
determine whether Michael has met his goal in 3 months, 6 months, or over the
course of the year. A better goal might be, “Michael will demonstrate an ability to
solve 50 one-digit basic math facts during a 3-min timed test.” This goal can be
objectively measured and provides a clearer indication of whether Michael’s goals
need to be changed as progress is made. The IEP includes not only academic goals,
but other functional goals as well. For example, depending on the child’s need, an
IEP may include goals for teaching social skills and adaptive skills or for addressing
problematic behaviors.

A child’s IEP also includes descriptions of the special education services the
child will receive throughout the year. IDEA specifically states that these services
be “based on peer-reviewed research, to the extent practicable ([5], p. 118).”
Appropriate individual accommodations for the child to participate in learning, and
in taking state- and district-wide assessments, are also provided within the child’s
IEP. This includes accommodations for problematic behaviors which interfere with
learning, limited English proficiency of the child, sensory impairments (e.g., visual
impairments, hearing impairments), communication needs, and environmental
modifications. The IEP is reviewed at least on a yearly basis by the child’s IEP team.
Ideally, an IEP team consists of the child (when possible), parents of the child, a
general education teacher, a special education teacher, a representative of the edu-
cational agency (i.e., a school administrator), a professional qualified to interpret
assessment information (e.g., a psychologist), and anyone else the parent requests to
participate on the team.

The Evaluation Process

To begin the initial evaluation process, either the child’s parent, the state educa-
tional agency, a local educational agency, or another state agency submits a request
for an initial evaluation [5]. Following the request, the child’s parent must consent
to the evaluation. Parents must be provided with a description of the evaluation
procedures prior to giving their consent. IDEA requires that the time from the
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parent’s consent to the completion of the evaluation be no more than 60 school
days. However, states may employ a more stringent timeframe. For example, in
Nebraska a special education evaluation must be completed within 45 school days
from the time of parent consent.

Prior to beginning the testing process, a review of existing evaluation data
(REED) is conducted. At this time, the MDT reviews any previous evaluation data,
or evaluation data provided by the child’s parent, and determines what additional
information is necessary to gather. Children who have been determined to be eligi-
ble for special education services must be reevaluated every 3 years. However, the
educational agency, or the parent of the child, can request an additional evaluation
at any time. Parental consent must be obtained again to reevaluate the child, unless
the school has documented reasonable attempts to obtain parent consent and the
parent has not responded. If it is determined at the time of the REED that no new
evaluation data are needed, the school may make an eligibility determination with-
out testing, but must notify the parents that they have the right to request new testing
be completed. Whenever a change in a child’s special education provision is made
by the educational agency, the parent is required to be informed of the change.

Part C

Part C of IDEA highlights early intervention services for children from birth through
3 years old. The lead agency for Part C is designated by the state and is often the
state department of health, although this varies by state. In the state of Nebraska, for
example, the lead for Part C services is shared by the state department of education
and the state department of health and human services.

Under Part C, each state is mandated to have a method for identifying and evalu-
ating all children with disabilities and determining need for special education ser-
vices [5]. The evaluation process for Part C is similar, with parents giving consent
prior to beginning the evaluation. However, under Part C only 45 days are allowed
to complete the evaluation, compared to the 60 days allowed under Part B. There is
only one eligibility category for Part C services, rather than the 13 eligibility catego-
ries under Part B. That category is developmental delay and requires one of the three
following criteria for a child to be eligible [5]: (1) have a developmental delay in
cognitive, physical, communication, social and emotional, or adaptive develop-
ment; (2) have a diagnosed medical condition resulting in high likelihood of devel-
opmental delay; or (3) are considered at-risk infants or toddlers.

Under Part C, children are required to have an Individualized Family Service
Plan (IFSP), rather than an IEP. There are three important differences to highlight
between an IFSP and an IEP. The first is that an IFSP focuses on the needs and goals
of the family, rather than the needs and goals of the child. Therefore, services can be
provided to the family under an IFSP, but under an IEP services are specific to the
child. Another difference is that the IFSP requires that services be provided within
the child’s natural environment. For this reason, Part C of IDEA does not guarantee
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FAPE. A third difference is that the IFSP must be reviewed and revised every
6 months, as opposed to the IEP which is reviewed annually. Under Part C, a child
receives year-round services, rather than services only during the academic year.
A child’s transition from Part C to Part B occurs before a child’s third birthday.

Section 504

Some children with special needs do not require special education services covered
under IDEA. Children with certain conditions may receive needed accommoda-
tions under Section 504 of the Rehabilitation Act of 1973 (Section 504). Section
504, a civil rights law, protects the right of students with a disability to receive
FAPE without discrimination toward the student based on their disability [8].
Section 504 is meant to prevent three types of discrimination: (1) Exclusion from
school programs and activities on the basis of disability, (2) harassment on the
basis of disability, and (3) lack of accommodations are required which allow chil-
dren to participate in school programs and activities equally [9]. Under Section
504, students with a disability receive a school-based plan which highlights accom-
modations the student will have available in order to receive FAPE. Accommodations
are individualized based on the child’s disability, but examples of accommodations
may include preferential seating, additional time to take tests/exams, taking tests/exams
in a room alone, adapted physical education curriculum, use of adaptive devices,
fewer repetitions in assignments, rest periods, pretyped or prerecorded lessons or
notes, designated time to complete homework, dietary accommodations, or peer
support groups for the child.

Section 504 is monitored by the Office for Civil Rights (OCR), and parents who
feel that their child is not receiving FAPE due to their disability have the right to file
a complaint through the OCR. Under Section 504, the definition of a child with a
disability is less stringent than for IDEA, so many children who do not meet eligibil-
ity criteria for IDEA, but have a documented disability, can still receive school-based
accommodations through a Section 504 plan. Under Section 504, a student has to
have a record of a physical or mental impairment which substantially limits one or
more life activities (e.g., walking, speaking, breathing, learning; [8]). However, the
OCR does not review special education decisions, such as a child’s placement or the
special education services they receive.

Conclusion

Given the unique needs of each NICU graduate, school programming may be a
necessary consideration for these children. Whether a child would benefit from an
evaluation and/or services during one phase of childhood or across development,
special education laws exist providing a framework for how these services are
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delivered. Although there will be slight variations from state to state on how IDEA
and 504 are interpreted, all children have a right to free and appropriate education
in the United States. Advocating for the school-based needs of the NICU graduate
should be considered by health-care professionals who work with this population.

Appendix 1: IDEA, 2004. Sec. 300.8 Child with a Disability

(a) General.

1. Child with a disability means a child evaluated in accordance with Sec. Sec.
300.304 through 300.311 as having mental retardation, a hearing impairment
(including deafness), a speech or language impairment, a visual impairment
(including blindness), a serious emotional disturbance (referred to in this
part as “emotional disturbance”), an orthopedic impairment, autism, trau-
matic brain injury, another health impairment, a specific learning disability,
deaf-blindness, or multiple disabilities, and who, by reason thereof, needs
special education and related services.

(i) Subject to paragraph (a)(2)(ii) of this section, if it is determined, through
an appropriate evaluation under Sec. Sec. 300.304 through 300.311,
that a child has one of the disabilities identified in paragraph (a)(1) of
this section, but only needs a related service and not special education,
the child is not a child with a disability under this part.

(1) If, consistent with Sec. 300.39(a)(2), the related service required by the
child is considered special education rather than a related service under
State standards, the child would be determined to be a child with a dis-
ability under paragraph (a)(1) of this section.

(b) Children aged three through nine experiencing developmental delays. Child
with a disability for children aged three through nine (or any subset of that age
range, including ages three through five), may, subject to the conditions
described in Sec. 300.111(b), include a child—

1. Who is experiencing developmental delays, as defined by the State and as
measured by appropriate diagnostic instruments and procedures, in one or
more of the following areas: physical development, cognitive development,
communication development, social or emotional development, or adaptive
development; and

2. Who, by reason thereof, needs special education and related services.

(c) Definitions of disability terms. The terms used in this definition of a child with
a disability are defined as follows:

1.
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(i) Autism means a developmental disability significantly affecting verbal
and nonverbal communication and social interaction, generally evident
before age three, that adversely affects a child’s educational performance.
Other characteristics often associated with autism are engagement in
repetitive activities and stereotyped movements, resistance to environ-
mental change or change in daily routines, and unusual responses to
sensory experiences.

(i1) Autism does not apply if a child’s educational performance is adversely
affected primarily because the child has an emotional disturbance, as
defined in paragraph (c)(4) of this section.

(iii) A child who manifests the characteristics of autism after age three
could be identified as having autism if the criteria in paragraph (c)(1)(i)
of this section are satisfied.

2. Deaf-blindness means concomitant hearing and visual impairments, the
combination of which causes such severe communication and other devel-
opmental and educational needs that they cannot be accommodated in
special education programs solely for children with deafness or children
with blindness.

3. Deafness means a hearing impairment that is so severe that the child is
impaired in processing linguistic information through hearing, with or without
amplification that adversely affects a child’s educational performance.

(i) Emotional disturbance means a condition exhibiting one or more of the
following characteristics over a long period of time and to a marked
degree that adversely affects a child’s educational performance:

A. An inability to learn that cannot be explained by intellectual, sen-
sory, or health factors.

B. Aninability to build or maintain satisfactory interpersonal relation-
ships with peers and teachers.

C. Inappropriate types of behavior or feelings under normal
circumstances.

D. A general pervasive mood of unhappiness or depression.

E. A tendency to develop physical symptoms or fears associated with
personal or school problems.

(i) Emotional disturbance includes schizophrenia. The term does not apply
to children who are socially maladjusted, unless it is determined that
they have an emotional disturbance under paragraph (c)(4)(i) of this
section.

5. Hearing impairment means an impairment in hearing, whether permanent
or fluctuating, that adversely affects a child’s educational performance but
that is not included under the definition of deafness in this section.

6. Cognitive disability means significantly subaverage general intellectual
functioning, existing concurrently with deficits in adaptive behavior and
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10.

11.

12.

manifested during the developmental period, that adversely affects a child’s
educational performance.

Multiple disabilities means concomitant impairments (such as mental
retardation-blindness or mental retardation-orthopedic impairment), the
combination of which causes such severe educational needs that they
cannot be accommodated in special education programs solely for one of
the impairments. Multiple disabilities does not include deaf-blindness.

. Orthopedic impairment means a severe orthopedic impairment that

adversely affects a child’s educational performance. The term includes
impairments caused by a congenital anomaly, impairments caused by dis-
ease (e.g., poliomyelitis, bone tuberculosis), and impairments from other
causes (e.g., cerebral palsy, amputations, and fractures or burns that cause
contractures).

. Other health impairment means having limited strength, vitality, or alert-

ness, including a heightened alertness to environmental stimuli, that results
in limited alertness with respect to the educational environment, that—

(1) Is due to chronic or acute health problems such as asthma, attention
deficit disorder or attention deficit hyperactivity disorder, diabetes, epi-
lepsy, a heart condition, hemophilia, lead poisoning, leukemia, nephri-
tis, theumatic fever, sickle cell anemia, and Tourette syndrome; and

(i1) Adversely affects a child’s educational performance.

Specific learning disability

(i) General. Specific learning disability means a disorder in one or more of
the basic psychological processes involved in understanding or in using
language, spoken or written, that may manifest itself in the imperfect
ability to listen, think, speak, read, write, spell, or to do mathematical
calculations, including conditions such as perceptual disabilities, brain
injury, minimal brain dysfunction, dyslexia, and developmental
aphasia.

(i1) Disorders not included. Specific learning disability does not include
learning problems that are primarily the result of visual, hearing, or
motor disabilities, of mental retardation, of emotional disturbance, or
of environmental, cultural, or economic disadvantage.

Speech or language impairment means a communication disorder, such as
stuttering, impaired articulation, a language impairment, or a voice impair-
ment, that adversely affects a child’s educational performance.

Traumatic brain injury means an acquired injury to the brain caused by an
external physical force, resulting in total or partial functional disability or
psychosocial impairment, or both, that adversely affects a child’s educa-
tional performance. Traumatic brain injury applies to open or closed head
injuries resulting in impairments in one or more areas, such as cognition;
language; memory; attention; reasoning; abstract thinking; judgment;
problem-solving; sensory, perceptual, and motor abilities; psychosocial
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behavior; physical functions; information processing; and speech.
Traumatic brain injury does not apply to brain injuries that are congenital
or degenerative, or to brain injuries induced by birth trauma.

13. Visual impairment including blindness means an impairment in vision that,
even with correction, adversely affects a child’s educational performance.
The term includes both partial sight and blindness.
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Early Intervention for NICU Graduates )

Kerry Miller

Abstract Neonatal intensive care unit (NICU) admissions are on the rise, and
infants discharged from the NICU are at elevated risk for developmental delays.
Early intervention programs, funded by Part C of the Individuals with Disabilities
Education Act (IDEA, 2004), are one resource available to families and children to
promote the growth and development of NICU graduates. This chapter provides a
brief history of early intervention services provided by Part C of IDEA for infants
and toddlers with disabilities and developmental delays or who may be at risk for
delays, and it summarizes criteria for program enrollment and the key practices
utilized with children and families in these early intervention programs. The effi-
cacy of early intervention programs for children and families is discussed with a
specific focus on the program outcomes for NICU graduates, including premature
and low birth weight (LBW) infants. Early intervention enrollment and referral pat-
terns for NICU graduates are presented. The implications of these patterns provide
support for the need for partnerships between early intervention programs and
NICU follow-up programs to maximize Part C-required Child Find efforts and
ensure the best outcomes for NICU graduates and their families.

It is well known that the brain grows and develops rapidly during the prenatal period
through the postnatal age of three [1]. From the moment a baby is born, the brain
continues to grow at a rapid rate, and its development begins to be influenced by
children’s experiences and interactions with their parents and the environment
around them. Parent-child interactions and relationships in the early years are a
foundational component of children’s future development. Specifically, the way
parents interact with their children and the quality of their interactions influences
cognition, language, and social-emotional skill development [2—6]; therefore, it is
important for parents to feel confident in their interactions and experiences with
their child during the critical early years.
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For infants born with a condition associated with developmental disabilities or a
condition which places them at an elevated risk for developmental delays, it is
essential to ensure that their parents have the necessary supports to foster optimal
child growth and development during their daily interactions and activities. Early
intervention programs are one resource available to families of children who are at
risk for or demonstrate developmental delays. These programs aim to support parent
confidence and competence in their daily interactions and activities with their chil-
dren, promote child growth and development during the period of the most rapid
brain development, and support and strengthen families.

What Is Early Intervention?

Numerous early intervention programs targeting children under the age of three and
their families have emerged across the United States. Many of the programs, funded
both privately and publicly, prioritize the enrollment of families and children with
risk factors that may affect the children’s development, such as low socioeconomic
status (SES), single-parent household, parent mental health issues and substance
abuse, children with an established disability or developmental delay, and children
at risk for delays related to biological, medical, or environmental variables. Federal
funds are often pooled with state and local funds to provide services for at-risk
pregnant women and parents with young children. Home visitation programs for
at-risk populations implement well-known evidence-based models such as Early
Head Start, Healthy Families America, Nurse-Family Partnership, and Parents as
Teachers with the goal of improving child health and development, preventing child
abuse and neglect, improving school readiness, supporting positive parenting, and
expanding family self-sufficiency. Programs administered under Part C of the
Individuals with Disabilities Education Act share similar aims with programs
intended for at-risk populations; however, the focus of Part C early intervention
programs is on children with disabilities and children who are at risk for develop-
mental delays and their families. Each program determines eligibility and enroll-
ment based upon individually set program criteria variables. For the purposes of the
population discussed in this chapter, neonatal intensive care unit (NICU) graduates,
the definition of early intervention will align with the United States federal law in
which early intervention is defined as special education services provided to chil-
dren age birth to 36 months and their families (Individuals with Disabilities
Education Act (IDEA), [7]).

The intent of the IDEA legislation in 1986 and its reauthorization in 2004 was to
identify and support infants and toddlers with established disabilities or developmen-
tal delays or those who may be at risk for developmental delays and their families. By
identifying children in the earliest years, early intervention supports children during
the most critical developmental period with the goal of maximizing the benefits to
children and families. Furthermore, early intervention under IDEA aims to enhance
the capacity of families to meet the unique needs of identified infants and toddlers.
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Early intervention does not strive to change the interactions and activities in
which families engage with their children. The goal of early intervention is to affirm
and enhance what is naturally occurring during daily activities to both encourage
growth and development and to support children’s participation in their families’
routines and activities. In doing so, early intervention programs incorporate activities
and approaches to support parents in their understanding of their children’s early
care needs and developmental skill progression, as well as their efforts to positively
influence their children’s developmental outcomes.

History of Early Intervention

Legislation related to early intervention has evolved over several decades. An impor-
tant step in support of children with disabilities was the passage of the Education for
All Handicapped Children Act (EHA) of 1975 (PL 94-142) [8]. The focus of this
legislation was to provide free and appropriate public education to all school-age chil-
dren; however, incentives were available for services provided to preschool-age chil-
dren. Based on the knowledge gained from early service provision and lobbying by
families and early intervention professionals, Public Law 94-142 was amended in
1986 into Public Law 99-457 [9]. This amendment mandated services for children
3-5 years with disabilities and incentivized states to voluntarily establish services for
infants and toddlers with developmental delays and disabilities.

At the onset, Public Law 99-457 afforded each individual state the opportunity to
develop a statewide plan for the provision of services for children with developmen-
tal delays/disabilities ages birth to 3 and their families. During program planning
and development, each participating state designated a lead agency to administer
early intervention services. Because of state-level program development, states
developed and implemented programs with variables unique to their state. A diverse
group of lead agencies (e.g., developmental services, education, rehabilitative ser-
vices, health and social services) were chosen in each state to manage and guide the
design of early intervention services. Additionally, each state independently estab-
lished differing verification criteria for “developmental delay” to guide program
eligibility, resulting in a diverse set of eligibility criteria that varied from state to
state, ranging from including only those children with significant delays to inclu-
sion of those at risk for delays.

IDEA legislation related to early intervention for infants and toddlers has under-
gone periodic revisions and reauthorizations since 1986 when it was considered Part
H of the old Education for All Handicapped Children’s Act (PL 94-142). It is now
known as Part C of the IDEA [7]. These more recent amendments to the initial legis-
lation did not change the requirements for the provision of service, and the original
individual differences related to lead agency and verification criteria across states
remain in place [10].

Although programs differ from state to state in who oversees the programs and
who receives services, federal law specifies that state programs receiving Part C
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funds must meet specific guidelines. The lead agencies are responsible for providing
early intervention evaluations, assessments, development of the Individualized
Family Service Plan (IFSP), and service coordination to families at no cost. Some
states provide the services outlined in the IFSP at no cost to families, while other
states charge a sliding-scale fee. Programs must provide services to children and
families, including but not limited to assistive technology devices/services; audiology
services; family training, counseling, and home visits; nursing services; nutrition
services; occupational therapy; physical therapy; psychological services; special
instruction; speech-language pathology services; vision services; and service coor-
dination [7]. The payment of actual services can be billed to Medicaid, private
insurance, or Indian Health Services; however, the Part C agency must ask parent
permission to access these funds to pay for services. It is important to recognize that
family participation in early intervention programs is voluntary.

The foundation of IDEA’s early intervention legislation lies in the recognition
that children are part of a family and each family has individual values, needs, and
priorities. Families and children eligible for early intervention services must have
access to all relevant services and individual services to meet the individual needs
of children and families. The provision of individual child and family services and
the expected outcomes are determined during the development of the IFSP. The
components of the plan, including outcomes, services, and frequency and duration
of services, center on family and child needs and are collaboratively designated with
the family and professionals. The service coordinator is responsible for the timely
development of the IFSP, for the periodic review of progress toward outcomes, and
for any necessary changes throughout the duration of the IFSP.

The role of a service coordinator is especially important to ensuring a system of
coordinated care. The service coordinator on an early intervention team in a local
community assumes the coordination, facilitation, and monitoring of the delivery of
agreed-upon services, assists families in accessing additional identified services,
and communicates and coordinates with medical providers, as needed. Service
coordinators assume a neutral role on the early intervention team, as they ensure
that families understand their parental rights and are aware of the availability of
advocacy services.

Who Is Eligible for Early Intervention?

Part C of IDEA [7] mandates a statewide, comprehensive, multidisciplinary service
system focused on addressing the needs of infants and toddlers who are experienc-
ing developmental delays or have a diagnosed physical or mental condition with a
high probability of an associated developmental disability in one or more of the
following areas: cognitive development, physical development, language and/or
speech development, social-emotional development, and self-help skills.

Every state now provides early intervention services for infants and toddlers
with disabilities; however, as previously mentioned, eligibility criteria vary from
state to state [11]. Each state is required to define developmental delay, including
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specific verification criteria. For a child to qualify for early intervention services,
a comprehensive developmental evaluation must be completed within 45 calendar
days of the date the referral is received and include an evaluation of the child’s cog-
nitive, speech and language, motor, adaptive behavior, and social-emotional func-
tioning. Most states require a child to demonstrate a level of developmental delay as
measured by a standardized, criterion-referenced assessment or have an established
condition known to be associated with developmental delays, such as Down syn-
drome, hearing impairment, or myelomeningocele, to be eligible for early interven-
tion services. Sometimes it is known prior to birth or shortly after birth that early
intervention services will be essential in helping the child grow and develop. In
some cases, parents are given a referral to their local early intervention program
before the child is discharged from the hospital. Often it is the service coordinator
who meets with the family while the child remains hospitalized to discuss needed
supports and assist with planning the child’s transition from hospital to home; how-
ever, under Part C guidelines, the child is eligible to receive needed early interven-
tion services prior to discharge. Receipt of early intervention services as an inpatient
is less common as the child’s needs are often met by their medical team.

As part of the eligibility criteria outlined by each individual state, there is discre-
tion to define at-risk children and subsequently provide services to children identi-
fied as at risk based on outlined factors. Common variables that place an infant or
toddler at risk for developmental delays include prematurity, exposure to toxins
through maternal substance abuse, low birth weight (LBW), intraventricular hemor-
rhage, seizures, and congenital anomalies associated with developmental issues.
Given the option for provision of services for at-risk children, only a limited number
(10%) of states consider risk criteria related to biological, medical, or environmen-
tal risk factors as determinants of children’s eligibility for services [12]. The other
states require the child to demonstrate a level of delay in at least one developmental
area as indicated by standardized testing. Nationally, approximately 3% of infants
and toddlers receive early intervention services [13].

To ensure all children who may be eligible for early intervention services have
access to needed services, federal legislation mandates that early intervention pro-
grams funded by Part C of IDEA engage in Child Find activities. To meet the set
Child Find guidelines, states must develop and implement a comprehensive system
to locate, identify, and refer children and families to early intervention services as
early as possible [7]. Child Find activities are essential to ensuring identification of
children with developmental delays or those at risk for delays in their development
and ensure they receive services as early as possible.

Early Intervention Practices

As early intervention programs have evolved over the years, research has investi-
gated practices related to service provision. To link research to practice, the Division
for Early Childhood of the Council for Exceptional Children (DEC) developed
Recommended Practices in Early Intervention/Early Childhood Special Education [10]
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as a resource to guide the work of practitioners and families as they partner together
“to improve the learning outcomes and promote the development of young children
birth through 5 years of age, who have or are at risk for developmental delays or
disabilities” (p. 1). The recommendations encompass evidence-based practices in
early intervention believed to have the greatest impact on child and family outcomes.
The following sections provide an overview of commonly implemented early inter-
vention practices guided by the recommendations outlined by DEC. These include
focus on family, supports in natural environments, instructional practices, the role of
interactions, teaming and collaboration, and transition.

Focus on Family. Grounded in an ecological model of human development
[14], early intervention recognizes the child as just one element in the complex
relationship among families. Subsequently, the goals of early intervention programs
should not focus solely on the child, but rather to enhance family-professional and
parent-child interactions and address both child and family needs. With the focus
on the family, the service delivery model often utilized in early intervention is the
family-centered model.

The family-centered model recognizes the family as an integral constant in the
child’s life, and the model relies on active involvement of family members in the
support and care of their children. Professionals view families as capable of making
informed choices and, when provided needed supports, feel they can act on their
choices [15]. Implementation of the family-centered model requires the profes-
sional to build a trusting and respectful relationship with the family with the focus
on strengthening existing skills and promoting acquisition of new skills that will
result in positive family and child outcomes.

Supports in Natural Environments. Infants and toddlers learn through their
everyday activities, routines, and interactions. Under the direction of Part C of
IDEA [7], infants and toddlers with disabilities must “receive needed early interven-
tion services in natural environments to the maximum extent appropriate” (sec.
612(a)(5)). A natural environment is a setting in which infants and toddlers without
disabilities spend their time. For most children, the bulk of their daily activities and
interactions occur in their home or child care setting; therefore, the environment in
which infants and toddlers with disabilities receive supports and services should be
consistent with the environment in which their typically developing peers spend
their time.

Most infants and toddlers with disabilities receive supports and services in their
home, with a smaller number of children receiving supports and services in other
settings, such as hospitals, clinics, service provider offices, and community-based
child care settings [16]. Given the home is the most common location for service
provision for infants and toddlers with disabilities, it is important to understand the
benefits of home visitation.

Home visits allow the professional and family to incorporate learning opportu-
nities into naturally occurring daily routines and activities. These learning oppor-
tunities are not elaborate; instead, they involve extending and expanding what the
family is already doing in their daily routines and activities. Providing home visits
encourages the involvement of all family members, as well as care providers, such
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as nursing staff or respite providers working with the child, in activities, goal iden-
tification, and participation in the development of a plan to address the family’s
concerns and priorities.

Instructional Practices. DEC [17] defines instructional practices as “intentional
and systematic strategies to maximize learning” (p. 11) and suggests interventions
be embedded in naturally occurring daily activities. With home visitation as the
most common service delivery model, it is important to consider how to best imple-
ment recommended instructional practices. There is a common misconception that
early intervention services are one-on-one, direct interactions between the profes-
sional and the child; however, the family-centered model seeks to build family
capacity with the core belief that parents play a critical role in the development of
their young children [15]. Instead of direct instruction with the child, the profes-
sional seeks to influence parent competence and confidence during interactions with
their child with the subsequent benefit of maximizing their child’s learning. In this
model, the parent becomes the learner; therefore, professionals must be knowledge-
able and capable of implementing adult learning strategies during their interactions
with parents.

Early intervention professionals utilize various adult learning methods during
their interactions with parents, including collaborative consultation [18], coaching
[19], and/or partnership and collaboration [20]. Regardless of the method, the pro-
fessionals’ focus is to strengthen parents’ existing skills and promote varied interac-
tions that will result in positive parent and child outcomes [15]. By strengthening
and promoting parental skills, the professional in turn supports the child’s learning
and participation in everyday, naturally occurring activities; thus, the intervention
becomes embedded in these activities.

Family-professional relationships form the basis for the successful use of these
instructional practices. These relationships are a key component of family engage-
ment in home visitation programs and promote trust and responsive parenting
[21, 22]. Further, quality professional-parent relationships are an important factor in
parent’s ability to benefit from home visitation services [23, 24]. It is essential to
recognize that within the home visitor-parent dyad, each person influences the other
as they coordinate their interactions with one another with mutually positive
feelings and individual strengths that can contribute to the desired outcomes of the
working relationship [25]. Much as each individual family brings various traits to
the relationship, each home visitor has different knowledge, skills, values, and per-
sonal qualities which he/she contributes to the relationship.

The Role of Interactions. DEC [17] recommendations convey that “sensitive
and responsive interactional practices are the foundation for promoting the
development of a child’s language and cognitive and emotional competence”
(p. 13). To build on this notion, it is important to recognize that parents have numer-
ous opportunities to interact with their young children each day through their daily
activities. During these interactions, parents and their children develop their rela-
tionship through their actions, responses, sensitivity, and joint attention. These rela-
tionships are foundational to children’s future development [2, 3, 5, 26, 27]. Because
of the integral role parent-child interactions play in children’s development, many
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early intervention programs have begun to focus on the quality of these interactions.
Accordingly, professionals employ adult learning principles to influence parent
confidence and competence during their interactions with their children and support
parents in their understanding of their children’s early care needs and developmental
progression. Early intervention can positively influence parent self-efficacy, which
has positive effects on children’s developmental outcomes and participation in daily
activities and routines [28].

Teaming and Collaboration. In thinking about the journey families and profes-
sionals take together in early intervention programs, teamwork and collaboration
are essential components. In early intervention, teaming and collaboration are not
only critical to the family-professional relationships but also to professional-
professional relationships, as each group has much to learn from one another. Many
services are available to families and children found eligible for early intervention
programs. As an example, one family may work with a physical therapist, an occu-
pational therapist, a speech-language pathologist, a vision specialist, and a service
coordinator to meet their child and family’s needs. If all the specialists work autono-
mously and provide individual home visits and subsequently provide separate sug-
gestions and supports to the family, the family would more than likely become
overwhelmed. This scenario is recognized and consequently DEC advises profes-
sionals and families to collaborate to “plan and implement supports and services to
meet the unique needs of each child and family and to systematically and regularly
exchange expertise, knowledge, and information to build team capacity and jointly
solve problems, plan, and implement interventions” (p. 14).

Early intervention teams vary in how they implement this recommended practice
and historically function as a multidisciplinary, an interdisciplinary, or a transdisci-
plinary team [29]. In the multidisciplinary approach, practitioners provide early
intervention services to the child and family independently, and the professionals do
not discuss the child’s development or the progress toward meeting the child and
family goals. An interdisciplinary approach is similar to the multidisciplinary
approach in that the practitioners provide services independently; however, with
this approach practitioners meet to discuss the child and family on a regular basis.
The transdisciplinary approach is unique to the field of early intervention [30].
Guided by practice and research, the transdisciplinary model is most frequently
utilized by early intervention teams and, when it is implemented correctly, it is
frequently acknowledged as the most effective early intervention model [31-33].
In a transdisciplinary team model, professionals collaborate extensively, and they
understand individual team roles, understand the disciplines outside of their scope
of practice, and demonstrate a willingness to work together. This model most closely
aligns with family-centered practices and strives to coordinate and integrate services
to meet the complex needs of children with disabilities and their families. The trans-
disciplinary model is also referred to as the primary service provider (PSP) model
[18, 34]. In this model, the PSP is typically chosen based upon a match between the
expertise of the provider and the family’s major identified area of concern. The PSP
is responsible for the consistent provision of services and supports for a family on an
ongoing basis. The primary provider collaborates and consults with team members
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from other disciplines who provide expert consultation and who may accompany
the primary provider on visits with the family. The aim of these joint home visits is
for the team member to support the PSP by conducting assessment, demonstrate
specific interventions, and provide parent education in an effort to extend and
expand what the parent and PSP are working on together [18].

Transition. Key changes that occur when a child enters or exits early interven-
tion or changes that occur during the time the child is enrolled in early intervention
are called transitions. Examples of transitions during the infant and toddler years
include transitioning from hospital to home, transitioning into early intervention
programs, and transitioning out of early intervention to community early childhood
programs or special education programs for 3- to 5-year-olds.

Key transitions in a child’s life can be difficult. In an effort to foster greater parent
satisfaction, better adjustment for both child and parents, and better child outcomes,
DEC [17] recommends early intervention programs develop a transition plan for
these events. As a part of the plan, professionals of both the sending and receiving
programs exchange information about supportive practices and employ identified
strategies before, during, and after the transition to ensure the child and family’s
successful adjustment and positive outcomes. As teams develop transition plans,
they should gather information from parents and professionals including specific
family and child needs and parent’s vision for their child. The plan should include
specific steps to facilitate an efficient and smooth transition.

Effectiveness of Early Intervention

Widespread implementation of early intervention programs and evidence-based
practices over the past several decades prompted research on the effectiveness of
early intervention for children with disabilities who require special education or
related services or those who are at risk for developmental delays due to genetic
and/or environmental risk factors. Confounding factors related to variability among
program service delivery models include duration and frequency of services, pro-
vider qualifications and experiences, child and family characteristics, and family
demographics which influence the generalizability of the findings across programs.
Although variables differ between studies, there are reports of similar findings of
positive program efficacy across settings and populations.

Many of the initial investigations examined the effectiveness of early intervention
program factors and benefits for children identified with a disability or at risk for
developmental delay. The results showed that early intervention programs can be an
effective agent of change in children’s early learning and development ([35-37]).
With the establishment that early intervention can be effective, researchers were
encouraged to further examine the effects of specialized interventions, the response
of various populations to intervention, and the outcomes of early intervention for not
only children but also their families [29].
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Because of the call for further research, several studies have explored the effects
of specialized interventions targeting specific populations, such as children with
autism, Down syndrome, and other medical conditions [38, 39], as well as the
effects of early intervention on family outcomes [40, 41]. One specific population
targeted for research due to its increased risk for neurodevelopmental delays are
children with a history of hospitalization in the NICU. Whereas multiple factors
related to NICU admissions place children at high risk for developmental delay
[42], the population most extensively studied in relation to early intervention efficacy
are premature infants and those with secondary risk factors often associated with
premature birth, such as low birth weight (LBW).

Unlike their full-term peers, children born prematurely are at an increased risk
for delays in their early childhood years [43—45], and their prematurity can affect
future school success. Upon reaching school-age, children born prematurely have
greater probability of cognitive and language delays, learning disabilities, behavior
and attentional difficulties, and social-emotional difficulties [46—49]. Additional
concern lies in family outcomes, as parents of preterm infants are at risk for increased
stress, anxiety, and depression [50, 51] as well as decreased quality of parent-child
interactions and diminished reports of parent self-efficacy [52, 53].

To identify efficacious early intervention practices for preterm infants and their
families, multiple explorations of implemented practices and resulting child and
family outcomes are reported. Although few studies have examined programs
explicitly administered under Part C of IDEA, the findings relate to both child and
parent outcomes; therefore, it is beneficial to generalize the findings to overall early
intervention practices. Studies on early intervention programs used varying models and
measures, making it difficult to apply the findings across programs and populations.
To account for existing variability, several meta-analyses were conducted to explore
relationships between early intervention programs and outcomes for children born
prematurely or with low birth weight and their families.

Park, Maitra, Achon, Loyola, and Rincén [54] reviewed the literature published
between 2000 and 2013 and targeted studies examining the effects of early inter-
vention on cognitive or neuromusculoskeletal and movement-related functions.
The 16 included studies each compared an intervention group comprised of children
born preterm or with low birth weight with a comparison group with most of the
studies reported as randomized control studies. The studies included interventions
provided after discharge from the NICU, and several included a home visitation
component. The results generally showed the intervention groups demonstrated
significant improvement in cognitive functions, such as executive functioning, ver-
bal performance, and IQ scores, when compared with the nonintervention groups.
Further, the intervention groups generally demonstrated improved neurobehavioral
and movement-related functional outcomes compared to their peers not receiving
intervention.

Benzies, Magill-Evans, Hayden, and Ballantyne [55] conducted a meta-analysis
of the literature published between 1990 and 2011 with focus on the relationship
between key components of early intervention programs for preterm infants and
maternal outcomes of stress, anxiety, depression, self-efficacy, and responsiveness.
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Eighteen studies were included in the analysis and included varied program models.
Most of the programs included parent support and education components. The pro-
grams provided services to infants born prematurely and/or with low birth weight and
their families. The studies explored the interrelatedness between programs emphasiz-
ing parental support and involvement and improved child and parental outcomes.
They measured parent stress, anxiety, depression, and parent reports of self-efficacy
and parental responsivity. The analyses found evidence demonstrating positive and
meaningful effects of interventions. Parent education programs provided to mothers
of preterm infants decreased levels of maternal anxiety and depression and positively
influenced parent self-efficacy resulting in improved child outcomes.

In support of these meta-analyses, an independent study conducted by
McManus, Carle, and Poehlmann [56] found that strengthening the supports for
mothers of preterm and low birth weight infants via Part C early intervention pro-
grams improved cognitive function trajectories measured at 16 months, 24 months,
and 36 months adjusted age. The most benefit was noted at 24 months of age. The
short-term effects of early intervention programs for preterm and low birth weight
infants are established; however, less is known about the long-term effects of
these programs. Since early intervention programs for other populations have
shown positive effects on children as they move into school and adolescence [57,
58], one might surmise that the benefits of early intervention for preterm and low
birth weight infants would persist beyond the early childhood years. The longitu-
dinal study by McCormick et al. [59] supports this theory. In a randomized con-
trol study, researchers followed children born with low birth weight until the age
of 18. Participants in the intervention group received early intervention home vis-
its from birth to 3 years of age, a daily center-based program from 1 to 3 years of
age, and included a parent support component. The comparison group did not
receive early intervention. At the age of 18, intervention group participants’ aca-
demic achievement, behavior, cognitive abilities, and physical health were mea-
sured. The results indicate that the intervention group obtained higher IQ scores
and improved vocabulary, mathematics, and reading skills compared to their com-
parison group peers. These findings are encouraging; however, further longitudi-
nal investigation about the long-term efficacy of early intervention programs for
this population is needed.

The mentioned studies emphasize the importance of early intervention for high-
risk and preterm infants, as well as their parents. Whereas the short- and long-term
benefits of early intervention programs exist, there are multiple gaps and barriers
identified for Part C early intervention programs. Identified gaps and barriers such
as inadequate funding; variable evaluation practices; poor communication between
referral source, early intervention programs, and families; lack of family receptivity
and understanding of early intervention programs; and staffing issues often affect
referral, eligibility, and enrollment of many children who are at risk for develop-
mental delays [60]. The impact of these gaps and barriers ultimately affects child
outcomes; therefore, early intervention programs and NICU follow-up programs
must ensure children are referred, evaluated for eligibility, and enrolled in early
intervention programs when deemed appropriate and necessary.
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NICU Follow-Up Programs and Early Intervention: A Key
Partnership

There are a small number of children referred to and enrolled in early intervention
programs when they transition from the NICU to their home due to conditions that
are known to be associated with developmental delays, such as some syndromes,
congenital anomalies, and complex medical issues [61]; however, most children are
not referred at discharge and remain at risk for delays. One major barrier in connect-
ing at-risk NICU graduates with early intervention programs is the variability in
program eligibility for this population. Recall that each state has the discretion to
define at-risk children and eligibility criteria for at-risk populations. Given this
discretion, only a small percentage of states automatically deem children eligible
based on biological, medical, or environmental risk factors [12]. Nevertheless, the
risk of adverse developmental effects for these children is high, specifically for
preterm and low birth weight infants [45, 62, 63].

The American Academy of Pediatrics (AAP) recommends that high-risk infants,
including preterm infants, infants born with low birth weight, and infants with
special health-care needs, enroll in a NICU follow-up program to receive periodic
evaluation to monitor their neurodevelopmental progress and facilitate referral to
early intervention programs as soon as developmental concerns arise [64]. In sup-
port of this recommendation, many NICU follow-up programs are in place across
the country. The model, focus, and staffing of these programs vary from site to site;
however, the results from a small survey of follow-up programs across the country
show that most of the responding programs complete neurodevelopmental assess-
ment as one component of their program model [65]. Many programs report con-
ducting outcomes research utilizing the collected developmental assessment data,
yet there is less knowledge about the percent of children referred to early interven-
tion and how the NICU follow-up programs employ assessment data to inform
referral to early intervention.

Recent studies have explored the prevalence of referrals made to early interven-
tion by follow-up programs. The results indicate that, despite an increased aware-
ness among the medical community of the developmental risks that many NICU
graduates face, primary physicians rely heavily on follow-up programs to play a key
role in monitoring infant and toddler development and subsequently act as a referral
agent to statewide early intervention programs [66, 67]. Due to the discretionary
interpretation of early intervention eligibility across the country and the increased
risk for developmental delays for this population of children, follow-up programs
must be viewed as a key partner in federally mandated Child Find efforts to ensure
identification of children with developmental delays or those at risk for develop-
mental delays as early as possible.

Facilitation of referrals to early intervention programs is just one important role
follow-up programs can assume in the Part C Child Find process. Not all children
referred to early intervention will meet eligibility criteria at the time of referral, as
delays associated with prematurity may not present until closer to the preschool
years [68] or delays may not be significant enough to meet state-specific eligibility
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criteria. Furthermore, disparities exist between the number of children eligible for
early intervention programs and the number of children enrolled in early interven-
tion programs. Rosenberg, Robinson, Shaw, and Ellison suggest the eligibility cri-
teria in some states may be too rigorous, thus requiring a child to demonstrate a
significant delay to be deemed eligible for early intervention services [11]. Despite
the acknowledged risks, retrospective analyses of early intervention eligible ELBW
children in one state found that only about one half of the children with ELBW were
enrolled in early intervention services. Of the enrolled children, those with more
severe medical needs, longer length of NICU stay, and lower birth weight were
more likely to be enrolled than their healthy, heavier peers [69]. These factors pre-
cipitate the need for close developmental monitoring of NICU graduates during
their most critical early years and subsequent facilitation of referrals to and enroll-
ment in early intervention as warranted. To inform referral practices, it is important
for follow-up program professionals to understand the patterns of referral to early
intervention programs in the state and the common predictors associated with early
intervention program enrollment for NICU graduates.

The NICU Graduate: Predictors of Early Intervention
Referral and Enrollment

Many infants are admitted to NICUs, and these children often benefit from early
intervention services during their early years. Admission to an NICU alone identifies
children at an increased risk for developmental delays and disabilities. The length of
stay and conditions warranting NICU admissions clearly play key roles in children’s
long-term needs and outcomes. Despite the acknowledged benefits of early interven-
tion programs, limited investigations are available regarding the early intervention
referral and enrollment processes for NICU graduates. Explorations have begun to
examine the factors influencing the timing of referrals to early intervention programs
and program enrollment to inform referral practices for this population. An examina-
tion of specific variables related to referral to early intervention programs indicates the
referral rate for extremely low birth weight (ELBW) (<1000 g) infants is nearly dou-
ble than in the first year of their peers who weighed over 1000 g at birth [67]. At
20 months of age, children diagnosed with chronic lung disease or born to a multiple
birth have a higher likelihood of referral to early intervention programs [69]. Additional
variables can affect NICU graduate’s eligibility for and enrollment in early interven-
tion programs. Both medical and sociodemographic factors predict who is likely to
receive early intervention services. Children born at VLBW (<1500 g) or ELBW have
higher and more consistent early intervention enrollment rates when compared to
their peers [67]. Program eligibility and enrollment increases for males [70] and for
children whose families have low SES; however, eligible children from low SES are
less likely to enroll and begin services [71].

Delays in development are often more apparent as children age and developmental
expectations increase. To ensure developmental surveillance for an appropriate
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duration and identification of potential delays as early as possible, the length of
NICU follow-up is an important program consideration. The average age span tar-
geted for program follow-up varies, with most follow-ups occurring between 12 and
36 months [65]. One population benefitting from a longer duration of follow-up is
late preterm infants (34—36 weeks’ gestation). Previous studies on the outcomes of
late preterm infants at 24 months found that these children had worse developmen-
tal outcomes compared to their full-term counterparts [72, 73]. However, in a more
recent study, which controlled for covariates, the differences in outcomes did not
emerge until the children reached preschool age [68]. Monitoring of late preterm
infant development is a critical consideration for follow-up programs due to the
potential for future developmental issues as this population moves into preschool
and school-age years. Late preterm infants are at risk for delays in neurocognitive
development affecting their school readiness and performance in areas such as reading,
mathematics, language, social, and motor skills [74-76].

With the potential emergence of delays after the first 2 years of life, it is impera-
tive that NICU follow-up programs consider the effect of continuity of developmen-
tal surveillance through the first 3 years. Early identification of delays and referral
to early intervention programs is the first step to ensuring the connection of children
and families with appropriate early intervention supports during the developmen-
tally important early childhood years.

Considerations

NICU admission rates are on the rise [77], and many infants discharged from the
NICU are at elevated risk for developmental delays at some point in their first years
of life. Early intervention programs, funded by Part C of IDEA, are well positioned
to provide supports to promote the growth and development of NICU graduates
referred to their programs.

To maximize Part C Child Find efforts, NICU follow-up programs and early
intervention programs must collaborate to monitor children for delays in develop-
ment and ensure that children and their families are connected to appropriate
resources to meet their needs and address developmental concerns. As with any
successful partnership, ongoing communication, collaboration, and training are
essential to success. Professionals from early intervention and follow-up programs
need background and training on the roles and responsibilities of each program.
Follow-up professionals must have a comprehensive understanding of early inter-
vention models and practices including DEC recommended practices, the referral
process in their state, and state-specific eligibility criteria. In turn, early intervention
programs must have a good understanding of the medical and intervention needs of
NICU graduates and their families during the critical early childhood years.
Furthermore, it is essential that professionals working in both follow-up and early
intervention programs understand how the eligibility criteria in their state relate
specifically to NICU graduates.
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Education about the needs of NICU graduates and their families must begin in
professional training. Preservice programs providing training for professionals who
may work in early intervention programs postgraduation (e.g., physical, occupa-
tional, and speech-language therapy, early childhood education, special education)
should consider incorporating coursework to increase knowledge about the unique
needs of this population, and medical professions should consider including a basic
overview of early intervention practices and efficacy in their course work and resi-
dency programs. With follow-up programs predominantly ending once a child turns
3 years old, both follow-up and early intervention programs must ensure that par-
ents and physicians are knowledgeable about the continued possibility for develop-
mental delays as this population of children transition into the preschool and
school-age years. Additionally, they also need to know how to access appropriate
assessments for children after the age 3 years through the public school early child-
hood special education programs.

Studies on early intervention effectiveness for NICU graduates and program
referral and enrollment patterns provide a platform to inform professional policy and
practice for both follow-up and early intervention programs. Additional examination
of referral and enrollment patterns from follow-up programs, at both the local, state,
and national level, will further inform Child Find efforts and aid in recognizing barri-
ers that affect the identification and enrollment of NICU graduates in early interven-
tion programs. Specific consideration should be made to examine enrollment and
utilization patterns for children from lower SES. The paired risk associated with low
SES and a NICU stay call for efforts to increase parent awareness of the important
benefits of early intervention programs for NICU graduates from lower SES.

Conclusion

The partnership between early intervention programs and NICU follow-up programs
is an integral component in the care of the growing population of NICU graduates.
Effective partnership between these two programs has immense potential given
their shared missions to identify children with developmental delays or those at risk
for delays as early as possible. Successful collaboration between the programs can
lead to maximized Child Find efforts and the connection of children and families to
early intervention programs with the goal to ensure the best outcomes for NICU
graduates and their families.
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for the High-Risk Infant: The Evolving
Concept of the Medical Home

Linda Copeland and Shalin Parekh

Abstract Sick neonates that are treated in the neonatal intensive care unit are at
high risk of health, developmental, and social problems. The complexities of man-
aging such high-risk infants can be overwhelming for a single primary care pro-
vider. These infants require input from multiple specialties and agencies. Delivering
quality care includes coordination of these multiple agencies and professionals that
is best provided by means of a patient-centered medical home. There is growing
evidence that such a model improves patient outcomes and reduces readmissions to
the hospital. Team communication and coordination is at the heart of the medical
home model. In an ideal setting, patient interaction and provider communication
with the child’s medical home should begin before discharge from the NICU and
should be a part of the NICU discharge process. This is especially important as
survival of extremely sick and fragile infants is improving and a number of infants
are reliant on medical technologies for a prolonged period of time following dis-
charge for their survival. A medical home should not only deal with the medical
problems of the individual child but should also address the psychosocial impact of
caring for a sick child and should keep the child and the family at the center of its
care. The child’s medical home can maintain close coordination with the high-risk
infant follow-up clinic and can help the primary care provider in navigating subspe-
cialty services. There are numerous barriers to the medical home model. Key among
these are logistic difficulties and a lack of resources in coordinating services. The
American Academy of Pediatrics (AAP) has set out a number of guidelines to over-
come these issues. The medical home model is expected to be more efficient while
at the same time decreasing health-care costs by reducing unnecessary duplication
of services. Medical homes should function as a team with each member having
formal responsibilities. Such a model will not only improve patient care but will
also result in greater satisfaction among patients and their families. Increasingly,
funding sources are recognizing the benefits of the medical home model through
payments given specifically for care coordination services.
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Introduction

The annual societal costs of preterm birth are estimated to be $26 billion in the
United States. These include medical costs, costs of early intervention services,
costs of special education, and costs associated with child care and consequent
loss of labor and productivity [1] Infants graduating from the neonatal intensive
care unit (NICU) or at high risk for any reason can have multiple health, develop-
mental, and psychosocial needs. About 25% of extremely preterm infants have
some form of visual impairment [2], 5-10% of extremely preterm infants have
hearing deficits [3], and up to 60% of extremely preterm infants have chronic lung
disease [4, 5]. About 11% of these infants have cerebral palsy [6], and up to 20%
of infants born less than 25 weeks can have severe neurological disability [7]. The
multiple care needs of the infant from the impact of prematurity can be over-
whelming for the family. Studies have shown that NICU graduates are at signifi-
cantly higher risk of hospital admissions including PICU admissions and even
death in the first year of life [§—12]. It has been shown that an enhanced medical
home that provides comprehensive care reduces the rate of PICU admissions by
40% and reduces total hospital and clinic costs by about $10,000 overall for each
high-risk child with chronic illness [13, 14]. It is thus imperative that high-quality
coordinated comprehensive care be delivered to these infants for the best possible
outcomes.

However, delivery of such high-quality medical care for these infants can be
overwhelming to a primary care health provider due to the range and complexity of
health, developmental, family, and systems issues that must be dealt with. Factors
that impact the ongoing needs and long-term outcome of high-risk infants are best
addressed in a comprehensive and coordinated manner by multidisciplinary partner-
ships. Stakeholders include the infant; family; NICU; primary care practitioner;
medical subspecialists; medical equipment suppliers; health-care funding sources
(federal, state, and private); social, behavioral, and public-health professionals;
early intervention professionals (such as speech, occupational, and physical thera-
pists as well as infant program specialists); the educational system; advocacy
groups; and ultimately society at large [15, 16]. The high-risk infant follow-up
clinic (also referred to as the NICU follow-up clinic or the neurodevelopmental
clinic) plays an important supportive role for the family and for the health-care
practitioner in determining the needs of the infant and family for medical and devel-
opmental services as well as for psychosocial supports.

Achieving the desired level of effective, efficient, and compassionate care coordi-
nation for medically fragile infants is challenging. The medical home model has been
developed with these challenges in mind. The ideal source of the medical home in the
community is the child’s primary care provider. It cannot be overemphasized that
appreciating their respective roles and ensuring close communication between high-
risk infant follow-up clinics, the primary care provider, and all members of the child’s
medical and early intervention teams are essential.
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History of the Medical Home

The concept of the medical home has several decades of history and evolution as a
philosophy and as operationalized practice applying to all patients. From inception, the
medical home has had care coordination as an essential element [17]. There is growing
momentum strongly focused on the patient/family-centered medical home as one of
the most promising models for cost-effective, optimal health outcomes [18]. In particu-
lar, the American Academy of Pediatrics (AAP) describes the pediatric medical home
as a cultivated partnership between the patient, family, and primary care provider in
close cooperation with any required medical specialists and community partners [16].
Coordination of care across settings promotes an integration of services that is centered
on the comprehensive needs of the patient and family. Distinguishing features of the
pediatric versus the adult medical home include a focus on the child’s developmental
trajectory, their dependency on adults, differential epidemiology of neonatal chronic
disease, demographic patterns of diversity and poverty, and total dollars spent on
children as compared to adults [19]. The patient and family are the focal point of the
AAP envisioned model. Crucial characteristics of the medical home are defined as
medical care that is accessible, patient and family centered, continuous, comprehen-
sive, coordinated, compassionate, and culturally effective [16, 20].

In 2007 the American Academy of Pediatrics (AAP) joined with the American
Academy of Family Physicians (AAFP), the American College of Physicians
(ACP), and the American Osteopathic Association (AOA) to agree upon the Joint
Principles of the Patient-Centered Medical Home [21]. There are seven general
principles which are briefly paraphrased here:

1. Every individual/child will have a personal physician.
2. For the physician-directed medical practice, the personal physician leads the
medical team.
. There is a whole person orientation in the delivery of medical care.
. Medical care is coordinated and integrated.
. Quality and safety of medical care is a priority within the medical home.
. There is appropriate and timely access to care (“‘enhanced access”), including to
any needed medical subspecialties and procedures.
7. Payment should appropriately recognize the added value of coordinated care that
goes beyond the work of the face-to-face visit (e.g., there is pay for services
associated with medical home care coordination).

The Maternal and Child Health Bureau (MCHB) at the US Health Resources and
Services Administration (HRSA) embraces the principles outlined above and identi-
fies specific criteria when a child’s health care meets the definition of a medical home
[22, 23]. This definition stipulates that every child should have at least one personal
doctor, nurse practitioner, or nurse who knows him or her well and is a usual source
of medical care. The child should have no problems getting referrals to specialty care
and access to any needed therapies, services, and health-care equipment. A goal is to
have a family who is very satisfied with the level of communication and care delivery
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among their child’s doctors, therapists, and service programs. The family should get
sufficient help coordinating their child’s health care when needed, for effective care
coordination. The child’s doctors should spend enough time with the family, listen
thoughtfully to concerns, and be sensitive to the values and customs of the family.
Health-care providers should provide any care-related information the family needs.
The family should feel like a partner in their child’s care. To optimize communica-
tion an interpreter should always be available when needed. Additionally, the infant’s
health care includes behavioral and oral health needs. Thus, the medical home is a
comprehensive health-care strategy aimed to improve and integrate all aspects of
care to increase family satisfaction and the child’s health outcome. Too often such
family satisfaction and quality health care of the high-risk infant is not achieved,
particularly when the medical home model is not followed, increasing family stress
as well as deleterious infant outcomes. Without quality integrated medical care, the
high-risk infant is more likely to suffer an array of medical issues including failure to
thrive, respiratory complications, serious infection, increased use of the emergency
room (with health-care providers who may lack specific expertise with high-risk
infants), and rehospitalization [11]. Developmental issues may go unrecognized
[16]. There has been a great deal of discussion at the state and national level about
the need to improve coordinated care to optimize the medical home. Coordinated
care involves the identification and involvement of many support services. There
needs to be a determination of all the various types of follow-up care that the high-
risk infant will need. This also includes recognizing an infant’s developmental needs
and initiating developmental services through early intervention where indicated.
The providers or sources of care need to be clearly designated. The family and pri-
mary care provider should be empowered to use community resources, both public
and private. Home-nursing visits may be an important care component, with experi-
enced nurses who are qualified in their tasks and who can train family members
where appropriate. The goal is to keep the focus on providing coordinated care and
family support with efficient teamwork by all the health-care professionals and com-
munity service providers involved. A greater need has been found for family care
coordination when communication between health-care providers was inadequate
[24]. In contrast, care coordination within primary care pediatric practices is associ-
ated with increased family satisfaction, decreased barriers to care, decreased unnec-
essary office visits and emergency department visits, increased family satisfaction,
and reduced unplanned hospitalizations [25-28].

The high-risk infant follow-up clinic plays vital roles both in identifying when an
infant requires medical subspecialty referral and when further targeting of develop-
mental issues must occur [16].

The NICU Graduate and the High-Risk Infant

Medical homes are deemed to be of particular benefit to high-risk infants who may
have a host of factors such as prematurity, congenital birth defects, genetic syndromes,
intrauterine drug exposure, technology dependency, combinations of medical and
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social impairments, and other medical issues [29, 30]. Families with at-risk factors
such as a single-parent home, poverty, substance abuse, or other family stresses
likewise benefit from the medical home model in caring for their medically fragile
child [20]. The American Academy of Pediatrics and the Institute of Medicine note
the importance of generalist-specialist communication for chronic care of children
with special health-care needs, abbreviated as CSHCN [31]. For instance, in the
2005-2006 National Survey of Children with Special Healthcare Needs, almost half
the children were identified by their families as requiring assistive technologies in
their care [32]. It has been demonstrated that medically fragile children are most
likely to get their medical technology needs met if they receive care in a qualified
medical home [33, 34]. The National Survey of Children with Special Healthcare
Needs data also revealed positive associations between care coordination, family-
provider relations, and family/child outcomes. Family satisfaction with services
was increased, and referrals were achieved with greater ease. Additionally, families
reported that care coordination provided them with lower out-of-pocket expenses,
less financial burden, and fewer required hours per week spent coordinating care,
thus minimizing impact on parental employment. A final benefit was fewer school
absences and emergency room visits [35].

Discharge Planning and Challenges

It has been postulated that hospital care in the NICU should be conducted according
to medical home principles even prior to discharge, as these principles foster a cohe-
sive team with the infant and family at the center [36, 37]. Medical home-oriented
NICU care recognizes right from the outset the unique needs of the infant and fam-
ily and allows for a smooth transition from hospital NICU care to the many chal-
lenges of going home and obtaining quality community care. Parents encounter
multiple health-care professionals from a variety of disciplines during their infant’s
NICU stay. This mirrors the later variety of disciplines the family will encounter
upon transitioning to community care. Preterm birth and prolonged hospitalization
are family stressors that create risk factors for later family dysfunction and even a
higher rate of child abuse [38]. Recognizing emotional stressors on parents related to
having a sick infant can help provide support to parents, promote bonding, and
increase parenting skills for caring for their infant from admission through discharge
and into home care. Family-centered care in the NICU involves timely, sensitive
reciprocal communication between the parents and the many multidisciplinary NICU
team members, especially for a coordinated care transition. This includes giving par-
ents emotional and educational support and considering home visitor support for
these families after discharge [39].

A big issue in transitioning care of an infant from the NICU to the commu-
nity involves when to discharge the baby from the hospital. Many factors must be
considered as an infant graduates from neonatal intensive care. High-risk infants
have been classified into four broad categories. These include the preterm infant,
any infant with special health-care needs, infants whose special needs depend on
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technology, the infant at risk due to family issues, and the infant with anticipated
early death, as noted in the American Academy of Pediatrics (AAP) guidelines
for hospital discharge of the high-risk neonate [12]. The AAP guidelines specify
that discharge decisions involve the infant medical status, family readiness, home
care needs, and financial considerations both for families and for hospital costs.
Additionally, there are four broad infant variables to be addressed, including the
infant’s physical health, mental health, cognitive development, and quality of life
[40]. Individualized planning, physician judgment, and a coordinated care approach
are needed to optimize long-term health outcome for every child and family. In
weighing the risks and benefits of NICU discharge, the infant should have achieved
a healthy degree of physiologic stability. An advantage of discharge is that it can
decrease the risks associated with hospital-acquired morbidity and it can shorten
the separation between infants and parents that can interfere with the process of
attachment.

Societal and economic forces bear upon the timing and process of discharge and
quality of home care. It takes time for the family of a high-risk infant to prepare to
care for their infant in a home setting. There often must be mobilization of an exten-
sive variety of community resources. It has been found that children with combina-
tions of impairments such as seen in various genetic syndromes may particularly
benefit from quality medical homes upon discharge [29, 30]. Families connected to
a quality medical home are more likely to receive respite care, transportation, and
rehabilitation services [41]. Supportive services can assist families in navigating
insurance issues, accessibility to care, and financial burdens.

NICU Graduates Requiring Medical Technologies for Survival

With the increased survival of very preterm and ill infants, many are now discharged
with unresolved medical issues that complicate ongoing medical care and put added
stress on the family [42]. For instance, through coordinating home oxygen therapy
for infants with bronchopulmonary dysplasia, these infants can achieve earlier hos-
pital discharge while still avoiding risks of marginal oxygenation such as growth
failure and cor pulmonale [43]. Tracheostomy may be required for neonates with
upper airway abnormalities who have not yet been weaned from assisted ventilation
[44]. Home ventilation clearly requires qualified personnel such as home nursing
support to coordinate with the family to provide bedside care in the home at least part
time. Most often, the technology includes nutritional and respiratory support. Other
technological support that is less common but not rare includes such things as intra-
venous medications or nutrition, bladder catheterization, and renal replacement ther-
apy. Parenteral nutrition in the home requires careful assessment of the caregivers
and home environment, as well as the support of a well-qualified home care company
[45]. When choosing a home care company or agency for technology-dependent
infants, a key medical home task is to review previous company performance and
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existing quality control programs of the home care company [44]. Good parental
teaching and coordinated multidisciplinary follow-up care is obviously essential for
infants requiring such a high level of medical support. The primary care provider
ideally will have the training and professional comfort to act as the medical coordina-
tor and as the first-line resource for the family with regard to integrating all this care
and empowering the family in their role.

In circumstances in which the primary care provider does not have the medical
expertise to deal with the severity of the high-risk infant’s medical problems, models
have been studied for what has been termed transitional medical home care. The
transitional medical home model involves substantial support from neonatologists
and their tertiary care center staff for the first year or so of the medically fragile
infant’s life. One demonstration of a transitional medical home program came from
a Duke University study [46]. The study examined a cohort of 172 neonatal infants
hospitalized in the Duke NICU over a 2-year period. Study participants were enrolled
in the transitional medical home intervention if they were less than 27 days of age
and had a history of extremely low birth weight (less than 1000 g), a chronic illness
requiring multiple medications, and/or technology dependence. The enrolled infants
had follow-up from trained NICU professionals within 1 to 2 weeks after discharge
along with care coordination with their primary care provider. There was also ongo-
ing surveillance and treatment of any acute and chronic medical issues by highly
experienced physicians in the transitional care program, who were available on
pager. The transition medical home service engaged with the families with a weekly
call for the first month. There was 24 h per day access to the medical intervention
team. Among other services, the program resulted in over 200 pages from families
made directly to the intervention team, potentially reducing the number of needless
emergency room visits. Through communication with the primary care pediatricians,
the program furthered their education on future care of complex medical problems in
young babies. More research is needed on such models which hopefully will reduce
emergency room visits and rehospitalizations, minimize subspecialty visits, and
reduce costs without sacrificing quality.

The defining components of the pediatric medical home as discussed thus far make
sense when considering the broad range of health-care issues the NICU graduating
infant and their family will face at discharge. Families climb a steep learning curve as
they adjust to technical and detailed medical care. After their infant’s hospital dis-
charge, parents often spend long hours per week in the overall management and provi-
sion of care for their child with special needs. This complex set of responsibilities and
stresses can impact parental mental, physical, and financial health. Parents are often
dealing with their own issues while struggling with ongoing serious medical issues in
their infants [39]. Infants born preterm with low birth weight who require NICU care
have much higher rates of hospital readmission and death in the first year of life
compared with healthy term infants [9, 10]. Careful preparation for discharge, good
follow-up, and family support can reduce the risk of morbidity and mortality for
such infants. But it is not enough just to address specific medical concerns without
addressing how the high-risk infant is progressing in overall development.
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The Follow-Up Clinic and Developmental Assessments

As discussed in preceding chapters in this book, a likely majority of, though not all,
NICU graduates will qualify for enrollment with a neurodevelopmental (high-risk)
follow-up clinic. This high-risk follow-up clinic is multidisciplinary in nature,
assessing the medical, nutritional, neurologic, developmental, and psychosocial
needs of the high-risk infant after discharge. It is standard for the clinic to measure
growth parameters, conduct physical and neurological exams, give nutritional coun-
seling, conduct developmental assessments, and offer parent support. Sometimes
the developmental assessment is integrated with the infant’s medical follow-up visit
with their neonatologist. Most NICU follow-up clinics are associated with academic
institutions and large tertiary care centers [20]. Kuppala et al. (2012) conducted a
national survey of NICUs associated with pediatric residency programs [47]. The
survey found that 93% of such NICUs reported having an associated high-risk
infant follow-up program. Of the 7% of NICUs with no associated follow-up pro-
gram, lack of financial resources and trained personnel were cited as the most com-
mon barriers. With regard to existing follow-up clinics, the survey found that they
generally strive to be multipurpose. These clinics often extend and facilitate conti-
nuity of clinical care; provide anticipatory guidance; make referrals to early inter-
vention programs; offer education for health-care trainees such as pediatric residents,
medical students, and neonatology fellows; and facilitate outcome data research.
Sixty percent of the follow-up programs were predominately clinical care oriented,
37% noted both clinical and research roles, and only one follow-up program identi-
fied itself as primarily research oriented. For those follow-up programs that conduct
research, they serve as a measure of quality control of NICU innovations. Such
innovations require outcome research based on morbidity and mortality data as well
as infant developmental assessment data to determine if the innovations actually
positively impact the short- and long-term outcomes for these special needs infants.
Contributing to a comprehensive medical home approach, the national survey found
that the follow-up programs often had nutritionists, case managers, and research
coordinators available, especially if the follow-up clinic had an association with a
neonatology fellowship program. Greater than 90% of the programs noted that
growth measurements, infant neurological status, and neurodevelopmental progress
of the infants were regularly monitored. Other additional services offered frequently
included assessments by occupational, physical, and speech therapy along with
feeding and behavioral assessments and social worker support as needed. The
majority of follow-up clinics conducted infant monitoring up to at least 24 months
of age and many to 31-36 months of age. However, a few clinics followed NICU
graduates even up to 60 months of age. Patient insurance was by far the most common
funding source for high-risk follow-up services (for 81% of visits), but the majority
of programs reported multiple sources of funding.

For areas with limited resources, the American Academy of Pediatrics (AAP)
recommends a partnership between NICU programs and community physicians to
conduct developmental screenings and/or assessments [20], a practice certainly in
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keeping with a medical home model. As has been noted earlier in this book, stan-
dardized developmental assessments are required at specific ages through early
childhood and are performed by the follow-up clinic [48]. The purpose of these
developmental assessments is not only to get a data-driven overview of the infant’s
evolving developmental status but also to determine if referrals to any medical
subspecialties are required and/or whether further developmental evaluation is nec-
essary to see if the infant qualifies for early intervention services [49, 50].

The follow-up clinic shares their findings with the parents and generates a medi-
cal report with the results of developmental testing and the overall evaluation.
Recommendations based on the findings are typically included in the report. Often
the follow-up clinic also writes a brief summary letter to the primary care provider
with a synopsis of the developmental test results and the medical and developmental
recommendations. As highlighted in the introduction of this chapter, it is vital that
there be close communication between the follow-up clinic and the primary care
provider acting as the medical home. This is because it is typically the primary care
provider who needs to then initiate any needed medical specialty referrals through
the child’s health-care coverage plan. The follow-up clinic plays a vital role in helping
families navigate the subspecialty clinic system, but this process is often dependent
on the primary care provider to ultimately ensure that needed services and referrals
happen the way they should.

In addition to the infant’s physical health issues, the primary care provider needs
to be aware of any developmental delays the infant exhibits and assist the family in
connecting with early intervention services. It is not uncommon to have breakdowns
in communication, especially between those clinics located at large tertiary centers,
the community primary care provider, and early intervention agencies. Such com-
munication breakdowns can delay the infant receiving early intervention services as
well as needed medical subspecialty care.

Since not all NICU graduates are eligible for high-risk infant follow-up, and
since follow-up clinic appointments are scheduled only at a few specific ages, high-
risk infants also benefit from periodic developmental surveillance and screening by
their primary care physician [48]. For example, even late-preterm infants born
between 34 and 37 weeks’ gestation who do not qualify for high-risk infant clinics
are at an increased risk for both medical and developmental problems. These include
hyperbilirubinemia and feeding problems after discharge. There is also mounting
evidence that these infants are at risk of developmental delay [51]. Thus, close
follow-up and coordinated care is needed even for mildly premature infants who
have a relatively unremarkable hospital course. The general pediatrician is in a
unique position to assess and support families with children with special health-care
needs on many levels, medical and developmental, even when the infant and family
are not initially eligible for other agency services.

For clinics with high volumes of patients qualifying for early intervention services,
an argument can be made for integration of early intervention services directly into the
medical home model. When this can be achieved, it streamlines the number of visits
parents have to make for their children. Partnership and close communication between
early intervention services and the child’s medical home is certainly beneficial given
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that the child may need to access a variety of other services from, for instance,
neurology, psychology, speech therapy, occupational therapy, and a dietician in order
to maximize the benefits gained from early intervention. The child’s medical home is
likely the best place to allow such coordination of services [52].

Barriers

Many pediatricians in the United States do not currently have the resources in infor-
mation technology, laboratory facilities, or quality-of-care reporting needed to qual-
ify as a certified medical home [53]. Pediatricians may feel unable to care for
medically complex infants because of limited funding and inadequate medical staff
or because of perceived lack of training in developmental pediatrics and care coor-
dination [47]. In this same vein, a survey of a large group of pediatricians 1-5 years
post-residency training found that 18% reported a need for additional training in
coordination of care for complex illnesses [54]. General pediatricians found that
they did not adequately integrate medical care with the plans of other health-care
providers or agencies or with families’ needs for nonmedical services (e.g., trans-
portation or developmental services) [31]. General pediatricians also note commu-
nication barriers such as delays in receiving consultants’ notes, inability to speak
directly with consultants, and difficulty coordinating communication among multi-
ple specialists [31]. One study found that for only one of four regions of the United
States did children with special health-care needs consistently receive all their
needed preventive care in a previous 12-month period [55]. Low family income and
inadequate health insurance are consistent barriers to neurodevelopmental follow-
up [34] and being enrolled in a primary care medical home [52]. Parents find such
lack of care coordination to be a significant burden [56].

Overcoming Barriers

To help with the complexities of care for medically fragile infants, the American
Academy of Pediatrics (AAP) has issued a number of important guides to assist
primary care physicians. This includes clinical reports with guidance on the hospital-
to-home transition for children, including those with dependence on technologies
[57, 58]. If the pediatrician’s office has a staff member who is dedicated to care coor-
dination, this can increase access to services for families [59]. The NICU follow-up
clinic can also assist the primary care provider and family to navigate systems such
as medical subspecialty referrals and early intervention systems. Well-resourced
tertiary care centers or integrated clinics that specifically engineer their clinic
practice to function as a medical home often have the resources to improve care
coordination and communication and thereby decrease family burden [60]. Without
such care coordination, families may feel isolated and experience diminished ability
to function [48, 61-63].
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Pediatricians and other primary care providers can offer families an identified
central source of medical care and support so that they need not feel isolated and
overwhelmed by their infant’s care. As a specific example, it has been found that
social supports and adequately trained health caregivers can be provided to assist
family with complex issues like ventilators, feeding pumps, and other technical
devices. Such in-home health-care support can positively impact parents in their
overall physical and mental health, in their level of broader social participation, and
in obtaining adequate sleep [63, 64]. The treating physician should be aware that
families also face financial pressures in raising a high-risk infant. In this regard, one
study found that direct medical costs for low birth weight infants were more than nine
times higher than caring for full-term infants within the first year after discharge.
These same families also faced a sevenfold increase in child care costs [65].
Referrals to social work agencies can connect families with services that may offer
at least some financial relief.

Medical care for high-risk infants must not only be continuous and compassion-
ate, but must come from a well-trained primary care provider with expertise at the
required level of scope and practice. The specific training pediatricians and other
primary care providers have on medical issues that commonly affect infants has
great impact on ultimate health and developmental outcomes. Pediatricians as spe-
cialists typically have extensive clinical training in such issues as infant feeding
problems, adequate nutrition and physical growth, the special nutritional needs of
premature infants, an infant’s head size and shape (for issues such as plagiocephaly
and craniosynostosis), eye muscle tracking and strabismus, abnormalities in an
infant’s motor tone and motor development (for possible evolving cerebral palsy or
other neurological issues), hearing or vision impairment, and issues of general
developmental delays or deficits. Pediatric nurse practitioners who specialize in
infant care have similar competencies. By providing access to quality primary care,
such health-care providers are fulfilling at least one major requirement of a medical
home model. Similarly, other health-care providers such as family practice physicians
and non-pediatric nurse practitioners can do the same. However, depending on the
health-care provider’s clinical experience, they may or may not feel comfortable with
the range of common medical problems that can occur in any infant, but especially in
NICU graduates. It behooves the family practice physician or nurse practitioner who
has a good comfort level with typically developing infants but may have a lack of
experience with high-risk infants to consider their pediatric colleagues as specialists
to rely on for consultation at least early in the first year or two of life for infants at
high risk. This is akin to the pediatrician relying on a transitional medical home
offered by a tertiary care facility when available. Through such medical collabora-
tion and consultation, evolving medical and developmental problems of the infant
can be promptly addressed before development is negatively impacted or before
complications occur that could even become life-threatening.

The concept of care through a medical home model involves but goes beyond
specific disease case management, which primarily focuses on certain medical
diagnoses. In a disease or condition case management model, case managers offer
disease-related services that are intrinsic to their specific agency, often within the
constraints of eligibility criteria. In contrast, medical home care coordinators should
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work with and guide the whole team process, which is driven by the needs of
patients and families for comprehensive health care that goes beyond a diagnostic
category and reaches across community agencies. It is critical that medical home
team members focus on their competencies, job descriptions, and functions in a
physician-led team caring for the patient and family. Team members should have
formal responsibilities. The team process should build on existing strengths of
patients and their family support systems. Communication (often involving signed
releases of information) is needed across all systems (medical and nonmedical) that
are involved in the child’s care while adhering to Health Insurances Portability and
Accountability Act (HIPAA) rules and Family Educational Rights and Privacy Act
regulations. Consent should be driven by the wishes of the patient and, for an infant,
by the wishes of the family. Transitions between agencies and other parties are best
facilitated by a medical home care coordinator to maximize outcomes. This includes
transitions between community partners such as the high-risk infant follow-up
clinic, public health nursing, social work agencies, urgent/emergency care facilities,
the hospital, specialists, and the primary care office. Such collaboration and coordi-
nation needs to be sustained across time. The coordinated care team should assess
needs and establish clear goals developed jointly with the patient, family, health-
care team, and system. Part of this process involves the creation and implementation
of a formal written plan of care. Family and patient input should be the bedrock of
the care plan. This formal written plan needs to be periodically updated. The plan of
care should be sensitive to the patient’s and family’s language, values, and culture.
Examples of written plans of care can be found at the National Center for Medical
Home Implementation web site [66] and the Center for Medical Home Improvement
web site [67].

The patient-centered medical home has some similarity to managed care and
health maintenance organizations (HMOs) but some important functional differ-
ences as well. The medical home model asks providers to focus on improving care
as the primary focus rather than managing costs. Cost savings are expected as a
result of providing better care, not from withholding needed care. The primary care
physician leads a team that serves as a patient advocate and guide to navigate the
health-care system rather than serving as a gatekeeper. Networking allows for assis-
tance from the NICU follow-up clinic in the case of a high-risk infant. Data has
shown that patients who have a primary care provider (where the medical home
model should start) incur about a third less in health-care expenditures, validating
the potential for cost savings [21].

Since 2012, at least 41 states have promoted medical home policies within their
Medicaid programs [68]. To qualify as a patient-centered medical home, standards
and criteria must be met to participate in a state’s medical home program [69]. To
determine the effectiveness of the medical homes, states have also developed
benchmarks of performance and measures that medical homes are required to track
and report on [69]. The AAP follows state pediatric medical home activities spe-
cifically, and this includes the Medicaid medical home initiatives. Some states have
especially worked to improve delivery of care for low-income children and other
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specific pediatric populations, such as children with special health-care needs
(CSHCN), including high-risk infants [70].

In 2009 the Commonwealth Fund gave financial backing for the National
Academy of State Health Policy (NASHP) [71] to launch collaborative learning
models among states for implementing projects aimed at maximizing child health
and development through better pediatric care coordination. One such model, the
Assuring Better Child Health and Development (ABCD) III learning collaborative,
involves the states of Arkansas, Illinois, Minnesota, Oklahoma, and Oregon and has
a strong focus on the pediatric medical home model [72]. Four medical home strate-
gies that are used by this learning collaborative are:

1. Use of pediatric-specific criteria in the qualification standards for medical homes

2. Creation of pediatric learning collaboratives for medical home providers

3. Educating nonmedical providers on the value of patient-centered medical homes

4. Use of child health and development data to help medical home providers track
progress and work on quality improvement efforts

Federal legislation that reauthorized the Children’s Health Insurance Program
(CHIP) created ongoing opportunities for states to implement pediatric medical
homes. For example, after the CHIP Reauthorization Act or “CHIPRA” of 2009,
the following year, the federal government awarded 10 CHIPRA grants in 18 states
for projects enhancing medical home initiatives. Rhode Island was a recipient of
this grant program and in 2011 approved a medical home project with the CEDARR
(Comprehensive Evaluation Diagnosis Assessment Referral and Reevaluation)
family center as the health home provider serving children with special health-care
needs [73]. A 2012 analysis of state medical home initiatives by the National
Academy for State Health Policy found that fully 24 state Medicaid programs
offered enhanced payment specifically for pediatric medical home services [72].
The number of patient-centered medical home initiatives is clearly growing. Such
expansion requires methods to evaluate the impact of medical homes. The Patient-
Centered Medical Home Evaluators’ Collaborative has created a core set of stan-
dardized measures to assess the impact of the medical home on clinical utilization,
quality, and cost [74]. Some states require a recertification process after a Medicaid
practice or provider has been initially qualified by the state as a medical home for
quality control and to promote ongoing innovation. For instance, in the state of
Minnesota, recertification requires that the medical home practice demonstrate an
ongoing partnership with at least one community resource to which they refer
patients [75]. The states of Oregon and Illinois have improved pediatric care coor-
dination by promoting data sharing between Medicaid and early intervention pro-
grams. Providers can access an online provider portal through a Medicaid
claims-based data exchange system called the Medical Electronic Data Exchange
(MEDI). Illinois is integrating the MEDI system with a previously separate early
intervention electronic data system that tracks point of entry. This integration
allows for information sharing for care coordination and follow-up on early inter-
vention referrals [72].
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Additionally, regions and states have expanded medical home access to some
degree through private insurers via pilot initiatives [15]. Even a small pediatric prac-
tice can aim to function as a medical home through such state grants and programs,
though this typically requires some redesign of the pediatric practice, with a key
component being the hiring of a patient care coordinator [76]. The Community
Access to Child Health (CATCH) grant program of the AAP supports development
of pediatric medical homes as well [77]. Tools have been developed to evaluate a
practice as a pediatric medical home [78]. One tool in particular, the Primary Care
Assessment Tool [79], has shown acceptable reliability and validity and is designed
to assess both the structure and process of medical home features within a primary
care setting [80]. Innovative and promising practices within the category of “small
pediatric practices” have been identified by an expert workgroup through the
National Center for Medical Home Implementation (NCMHI) in such states as
North Carolina, Arkansas, and Florida [81].

An AAP policy statement in 2014 [16] listed the NCMHI as one of the foremost
resources for medical home tools, along with other organizations that support medical
home implementation. For example, the NCMHI provides tools and resources for care
coordination with specific supports, templates, and guides for pediatricians [82].

The patient-centered medical home (PCMH) recognition program [83] was devel-
oped by the National Committee for Quality Assurance (NCQA) and is one of two
processes for certification as a patient-centered medical home. The NCQA PCMH
certification process supports local practices in development of medical home models
[15]. The PCMH shares information on how practices can organize care in a manner
that makes the patient’s needs the center of focus, develop effective team processes,
and improve the delivery and tracking of care coordination over time.

The second process for certification as a medical home is through the Joint
Commission on Accreditation of Healthcare Organizations (JCAHO) [84]. Another
resource for practices aspiring for medical home certification has been developed by
the Agency for Healthcare Research and Quality (ARHQ) and reviews a number of
measures from the Care Coordination Measures Atlas that are tailored for primary
care practice [85].

Engineering a medical practice or health-care system to function as a medical
home often requires that new staff positions be developed for the time-consuming
work of care coordination [76, 86]. For instance, the Shriners Hospital for Children
system uses social workers and/or nurses individually or in teams to work as care
coordinators [87]. Suggested disciplines and minimal educational requirements for
care coordinators vary across practices, but commonly the position calls for a social
worker, nurse, or the equivalent [88, 89]. In some cases, a bachelor’s degree-
prepared nurse is suggested, while other programs have used bachelor’s degree-
prepared early childhood experts with at least 3 years of related experience [90, 91].
For care coordination of medically fragile, high-risk infants, a higher level of medi-
cal background is beneficial. Pediatric nurse practitioners are used for care coordi-
nation by the Pediatric Alliance for Coordinated Care [25]. Published job descriptions
for a pediatric care coordinator are available [76]. The US Maternal and Child
Health Bureau offers medical home grants and learning collaborative opportunities
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which support systematic implementation of care coordination activities as crucial
to the medical home process [92]. Care coordination evolves through a quality
improvement process by allocating time for dedicated staff members to function as
the practice-based care coordinator, with protected time to implement, document,
and assess the efficacy of care coordination services [76].

A Model of the Medical Home

Our institution [93] has long functioned as a medical home and is currently under-
going a formal process for certification as a qualified medical home through the
JCAHO certification process. At our institution, pediatric residents, under attending
supervision, work as primary care providers (PCPs) and are thus central in the man-
agement of the medical home model. The clinic is located in an inner city area in
California and serves a large proportion of patients from lower socioeconomic
backgrounds as well as from a variety of different ethnicities.

In addition to having pediatric subspecialty clinics in the same facility as the out-
patient children’s health center, we have a social worker, dietician, developmental
pediatrician, mental health case managers, and the services of a child psychiatrist.
Laboratory and radiology services are shared with the adult outpatient services but are
also located within the same building. There is a weekly high-risk infant clinic led by
an experienced nurse practitioner that operates within the same premises. The resident
primary care provider (PCP) makes referrals to the necessary services and maintains
close coordination between these different services. This tight-knit coordination is
readily facilitated by the co-location of so many services in one area. The high-risk
infant clinic is thus able to focus on the neurodevelopmental outcomes of the high-risk
infant and quickly advise team members on any other subspecialty input that the child
may require in a collaborative fashion. This allows the resident PCP to fulfil the pri-
mary care needs of the patient and maintain close contact with all the other agencies
and services that have input into the child’s care. As far as possible, well-child check
appointments are coordinated with subspecialty appointments so as to reduce the
number of visits the family has to make to the office. Social worker and dietician input
can be obtained within the same well-child visit along with obtaining “curbside” opin-
ions from subspecialists for any urgent or semi-urgent issues that emerge during the
well-child visit. This system has been found to be remarkably beneficial in improving
efficiency and utilization of resources in addition to providing better overall care for
the patient and family.

Of note, child development regional centers under California law operate to
determine eligibility for federal Part C early intervention services. Our clinic works
closely with the local regional center office located in the same town by making
referrals for early intervention eligibility determination. Our clinic receives written
reports from the regional center which describe the findings from the infant eligibil-
ity assessments. We also work closely with the early intervention service providers
that contract with the regional center. Thus, resident PCPs have the opportunity to
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Fig. 1 Our model of the medical home. Certain services are provided by external agencies with
whom we work closely. These services are represented by the lighter circles. Subspecialties offered
within our clinic include cardiology, pulmonology, endocrine, genetics, adolescent medicine, gas-
troenterology, neurology, and dermatology. Referrals are made to external providers for all other
subspecialties and to dentists

spend dedicated time with early intervention service providers and the local regional
center to enhance their learning in the area of child development. Where funding
allows, we are able to make direct referrals to and receive reports from the various
early intervention service providers as well. We also receive reports from home
health nursing, and through our clinic social workers are able to maintain close
contact with public health nurses and Child Protection Services (CPS). The figure
below summarizes our clinic as a medical home model (Fig. 1):

The Importance of Promoting Medical Home Strategies

It is incumbent on the US health-care system to reduce costs of care while improv-
ing quality outcomes [16]. Recent legislative and regulatory efforts to achieve these
savings include the redesign of systems of care. Promising redesigns include the
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development of efficient medical health-care homes for both children and adults.
Fragmentation of care leads to inefficiency within and across health systems.
Reducing fragmentation through systematic care coordination enhances the care-
giving capabilities of families [26]. Care coordination is essential to transform the
health-care delivery system in this country. Through good coordination it is possible
to achieve optimal quality and cost outcomes in the context of culturally sensitive
and patient- and family-centered care. As repeatedly emphasized, this requires part-
nerships across the full range of health-care delivery settings and community
resources. The delivery system should have provisions for services that support the
coordination of care across settings and professionals. The foundation for efficient
and effective systems of care delivery resides in the patient-/family-centered medi-
cal home that is engineered for action and accountability, not lip service. Optimal
outcomes for all children but especially children with special health-care needs,
such as infants graduating from the NICU, require interfacing among multiple care
systems and individuals.

There is a body of growing evidence that care coordination can lead to improved
outcomes but at the same time decreased health-care costs, reduction in fragmented
care, and improvement in the patient and family experience of care. Related to this,
there is a growing national consensus that the medical home model has strong sup-
porting evidence of efficacy for achieving the triple aims of “better care, better
health and lower cost” [94]. There are other promising models for redesigning US
health-care systems, such as Accountable Care Organizations (ACOs), but the ACO
model focuses on service to a defined population of patients, not a philosophy of
care [95]. Hence, the medical home is increasingly viewed as philosophically set-
ting a standard of care for all children and adults [96]. This is especially true for
high-risk infants.

Payment Issues

Over the last 10 years, payment for care coordination, which is essential to build qual-
ity medical homes, has had some success. For instance, the American Medical
Association developed care coordination codes 99487-99489 to add to the Current
Procedural Terminology (CPT) manual. These codes deal with care coordination for
patients with complicated, ongoing health issues within a medical home, accountable
care organization, or similar model [16]. Use of these codes permits health-care
providers to document and bill for coordinating care between community service
agencies, link patients to resources, support the transition of patients from inpatient to
other settings, and to work to limit potentially preventable readmissions [97]. As prac-
tices obtain formal recognition or certification as a patient-centered, family-centered
medical home through the PCMH recognition program and/or through JCAHO certi-
fication, this facilitates billing and payment for care coordination services. Ongoing
advocacy is still needed by primary care providers so that third-party payers will
recognize and fund such CPT codes in their regions [16]. Payment reform and innova-
tions will be a critical driver to expand medical home models [15, 98].
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Conclusion

The patient- and family-centered medical home is positioned to provide coordinated,
compassionate family-centered health care by forming strong links between the
primary care provider team, the infant and family, specialist teams, nurses, social
workers, educators, hospitals, other utilized health-care facilities, as well as other
appropriate community agencies. Care coordination should be a crosscutting
system intervention with thoughtful and deliberative organization among all these
participants. Organized care marshals personnel and other resources needed to carry
out all required patient care activities in a manner that is patient and family cen-
tered. Successful care coordination considers the continuum of health, education,
early child care, early intervention, nutrition, mental/behavioral/emotional health,
community partnerships, and social services, is competent with regard to culture
and languages, and is delivered with compassion. Additionally, payment for all
these services is essential to improve the quality of care for children with special
health-care needs.
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The State of Neonatal Follow-Up
Programs

Brian Tang

Abstract Neonatal follow-up (NFU) programs have existed for several decades
and have evolved as mortality rates of high-risk infants have declined due to techno-
logical advances in neonatal intensive care unit (NICU). Initially developed as a
way to audit these interventions following NICU discharge, NFU programs now
serve a variety of roles that include research, teaching, surveillance, and neurode-
velopmental assessments. Several surveys suggest wide variation in services pro-
vided/available, eligibility criteria, funding sources, and clinical structure. Standards
of care are lacking. No-show rates to NFU are high and are associated with several
sociodemographic and child factors. The successful future of NFU will depend on
the role of the child’s medical home, developing meaningful outcome measures, and
the needs of the region and community for which the NFU program is situated.

The proliferation of neonatal follow-up (NFU) programs can be directly tied to the
increasing survival rates of infants born preterm. Outcome research studies dating
back to the mid-twentieth century documented alarming disability rates, thus estab-
lishing the need to develop outpatient programs to audit the impact of neonatal inten-
sive care unit (NICU) events and interventions [1]. Since the 1970s, NFU programs
have become an essential component in the continuity of care and management of
high-risk infants discharged from NICUs. Their evolution today has come to incor-
porate a variety of important functions beyond outcome research. Many programs
provide educational opportunities for neonatal-perinatal medicine fellows, pediatric
residents, psychology interns, and nurse practitioners. NFU programs can also
provide specialized and comprehensive care. Some serve as the medical home for
these high-risk infants.

An American Academy of Pediatrics policy statement published in 1998, and
reaffirmed in 2008, describes a variety of discharge planning concerns and recom-
mendations for outpatient medical assessments that include primary care and
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neurodevelopmental evaluations [2]. A medical home should be identified well before
discharge and facilitate the coordination of care for the child. An interdisciplinary
model is ideal for children discharged with any combination of special healthcare
needs (e.g., lung disease), psychosocial challenges (e.g., young single parent),
and developmental delay. The statement recommended that high-risk infants be
enrolled in a NFU program that conducts neurodevelopmental assessment using
standardized tools.

A workshop on the follow-up care of high-risk infants in 2002 at the National
Institutes of Health made several recommendations for follow-up care [3].
Surveillance and research were considered the central responsibilities of NFU
according to this report. Optimal methods to assess high-risk infants following
NICU were proposed. In spite of these recommendations, standardized guidelines
for provision of follow-up services do not exist to this day. Although many NICUs
are associated with regional or national networks that require follow-up, a national
network of NFU programs to set standards for practice or allow opportunities for
multi-site research studies to identify best practices in follow-up care is lacking,
though some regional programs exist [4].

While the value of NFU is widely accepted, their purposes remain varied and at
times competing. Poor attendance and the lack of standards of care are ongoing
issues of debate and discussion. Despite a call over 10 years ago for more standard-
ized practice in NFU programs, more recent surveys of NFU programs indicate
significant variability in practices. One conducted from 2009-2010 queried NFU
program directors and/or NICU directors associated with the majority of pediatric
residency programs in the United States with neonatology fellowship programs and
residency programs without a fellowship program [5]. Responses revealed signifi-
cant variability in eligibility criteria for clinic enrollment, age of clinic discharge,
personnel in the clinic, training experiences, and scope of practice. The majority of
programs were considered supplemental to primary care. Clinics were supported by
multiple funding sources, including hospitals, state funding, and insurance billing.
Most programs followed children until they were either 24 or 36 months. Over 90%
did some type of neurodevelopmental assessment. The most common standardized
tool was the Bayley Scales of Infant and Toddler Development III. The authors con-
cluded that there is a need for standardized practices in follow-up, as well as forma-
tion of a national NFU program network that is representative of the patients who
attend such clinics across the nation.

A similar survey in 2011-2012 extended to nonacademic NFU programs also
reported variability in clinic structure, patient population, and funding [6].
Respondents to this survey reported that funding for both private and academic
clinics came from multiple sources, including hospitals, the state, and foundation/
grant funding. Academic programs tended to follow children for a longer period
of time. Both types of programs reported similar barriers to provision of care,
including a high no-show rate (median of 20%) and lack of funding for clinical
activities. Interval of visits and how long these high-risk infants were followed
varied widely. Some clinics followed infants for less than 1 year while others
followed for greater than 5 years [5, 6]. Greater than 85% of programs utilized
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formalized referral guidelines to NFU. These guidelines were primarily based on birth
weight and gestational age.

As a project of the Society of Developmental-Behavioral Pediatric NICU
Follow-Up Workgroup of the Early Intervention Special Interest Group, 242 NFU
directors were surveyed in 2014 [7]. Half of the programs participated in a research
network (e.g., Vermont Oxford). Most (greater than 70%) conducted some kind of
developmental screen or test. Many NFU programs were multidisciplinary with
neonatologists and registered nurses representing the most available provider in
clinic. Many clinics, however, lacked access to specialty physicians and allied
healthcare providers even on a referral basis for many clinics. Like previous sur-
veys, the Bayley Scales of Infant and Toddler Development was the most commonly
used developmental assessment tool. Half of clinics screened for autism spectrum
disorder using a validated tool. Forty-one programs reported a no-show rate of 26%
or higher.

An important finding from these surveys is the high no-show rate to NFU [5, 6].
Adherence to NICU follow-up appointments has been historically problematic with
low rates of sustained attendance [8—11]. The reasons are likely multifactorial and
include child, sociodemographic, and maternal factors. Factors such as low birth
weight and gestational age, significant medical morbidities, nonwhite race, and
unmarried parents have been associated with nonadherence to HRIF appointments
[10, 12—-15]. One multi-site study reported greater distance from the HRIF program
and single parenting as predictors of poor attendance to HRIF over several time
points [16]. Another qualitative analysis suggested several barriers from the healthcare
provider perspective, including lack of funding, scheduling difficulties, perceived
low importance of HRIF, and fear of delivering bad news [17].

The effectiveness of NFU programs in terms of clinical outcomes has not been
adequately studied using randomized clinical trials. The challenge lies in the varia-
tion of priorities and roles between programs with some having greater emphasis on
research or education [1]. There is also variation in referral criteria with some pro-
grams focusing exclusively on very low birth weight patients while others include a
wide range of neonatal medical problems [18]. Although uniform guidelines of care
may not be feasible given the wide variation that is intrinsic in NFU, regionalized
standards of care may be more realistic and meaningful. Care and outcome studies
can be tailored to the needs of the local patient population. Deciding which children
are to be followed is a function of several factors, such as research goals, funding,
and availability of specialists. There is still value in creating standards of care; how-
ever, it may be more advantageous for these standards to be broad instead of spe-
cific, the minimum instead of the ideal (e.g., recommending developmental
screening/testing instead of a specific battery or tool).

For the majority of children, the primary pediatrician or family physician remains
central in the follow-up of high-risk infants. The medical home has the advantage of
being embedded in the child and family’s community where there is greater oppor-
tunity to collaborate and communicate with nonmedical service providers who are
essential to the child’s growth and development (e.g., early intervention programs).
There is some evidence that suggests that the inclusion of comprehensive primary
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care within a NFU program yielded benefits including reduction in no-show rates,
total healthcare costs, and the incidence of life-threatening illnesses [19].

The status of neonatal follow-up will likely remain in flux for years to come. There
will certainly be more clarity in terms of standards of care as more outcome research is
completed. Evidence that can show the short- and long-term benefits of NFU will lead
to more stable streams of funding and reimbursement. Major opportunities exist to
develop more uniform guidelines to meet the basic needs of these high-risk infants.
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Concluding Thoughts

Howard Needelman

Abstract Determination of the appropriate endpoint of evaluation of the neurode-
velopmental outcome of the NICU graduate is not at all clear. The traditional use of
modalities such as imaging is probably far too narrow to be used in measuring
success and failure. Medical outcomes evaluations do not have nearly the usefulness
of broader biopsychosocial evaluations. The use of the WHO ICF may better be
used to describe any disabilities the child may have and those disabilities’ relation-
ship to impairments, activity limitations, and participation restrictions. Longer-term
follow-up is also needed to more clearly understand the graduate and his family’s
satisfaction with the results of his NICU experience and the subsequent services he
has received.

In Guidelines for Perinatal Care [1], it states that “when neurologic findings are
suspect or developmental delays are suspected, neonates should be referred for
more in-depth assessment, either to a neonatal follow-up program or to equivalent
facilities or programs capable of providing detailed neuro-developmental assess-
ments” (p. 281). Yet there is no consensus as to whom these programs should serve,
how they should be structured, and what the appropriate tools for evaluation are.
Deciding on the goal of the evaluation would seem to be the first step in determining
the best choice among the various options available.

There is clearly a spectrum of outcomes that can be expected for an individual
with suspected developmental delay and those patients with an NICU history,
whether they be infants with congenital anomalies, premature infants, infants with
a neonatal encephalopathy history, or essentially any other neonatal problem (as the
issue leading to NICU admission will generally place the newborn at risk for such a
delay). To maximize the care of these infants, it is reasonable to consider the follow-up
clinic as a connector between the NICU environment and the health-care and
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educational environment that exists in the community. The information gleaned in
the follow-up clinic should be able to provide guidance for the care of the individual
neonatal patient as he enters the community and also guide the NICU in the appro-
priate care of subsequent admissions.

As neonatal follow-up has matured as a field of interest, it has become increas-
ingly clear that factors beyond the condition which cause the infant to be admitted
to the NICU will have an important role in the child’s developmental outcome.
These other factors include socioeconomic status, maternal age and marital status,
as well as a myriad of other conditions not directly related to neonatal intensive
care. This biopsychosocial approach to follow-up has made it the shared province of
various disciplines from maternal-fetal medicine to education to public health.

Because of this approach, it seems that follow-up can be appreciated better if
examined not solely from a medical model of disability but rather from the com-
bined approach of both a social and a medical model of disability. For some ques-
tions, relating to the utility of specific NICU interventions (e.g., the efficacy of head
or body cooling), specific easily measured outcomes (e.g., mortality or abnormali-
ties in imaging or EEG) can provide useful outcome data that is temporally related
to the intervention. This same type of data, however, may not be appropriate for
examining psychosocial outcomes. For example, in addition to the neonatal patient,
the experience of having a child in the NICU can have lasting effects on the family.
As many as 10% of mothers who have had a child in the NICU will have a positive
screen for maternal depression when the child is 68 months of age [2]. Mothers
describe symptoms of post-traumatic stress during the infant’s NICU hospitaliza-
tion [3]. Reports also describe paternal depression associated with a child’s hospi-
talization in the NICU [3]. There is probably an increased incidence of divorce in
these families. These factors will then also lead to detrimental effects on the child’s
development. Aiding evaluation of standardized medical outcomes such as mortal-
ity might best be described as a role of the World Health Organization (WHO)
International Statistical Classification of Diseases and Related Health Problems
(ICD-10) [4]. Psychosocial outcomes within the context of the infant and family in
the community may better be examined using models like the WHO International
Classification of Functioning, Disability and Health or ICF [3]. The ICF looks at
both the individual’s capacity, or ability in a standard environment, and perfor-
mance, or functions in a usual environment. “In ICF, the term functioning refers to
all body functions, activities and participation, while disability is similarly an
umbrella term for impairments, activity limitations and participation restrictions”
[4]. Figure 1 describes the combined relationship between ICD-10 and ICF as it
relates to a health-/disease-related condition. The left side of the figure is appropri-
ate to ICD-10, while the right side is more appropriate to ICF.

To effectively evaluate the status of the individual within the community involves
the examination of the relationship between health conditions and contextual fac-
tors. In other words, how does the specific disease and intervention affect the spe-
cific individual given his unique characteristics and unique environment? No single
aspect of the individual or his environment effectively describes a factor which can, on
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its own, describe the most useful intervention to optimize outcome for the individual.
Thus, a biopsychosocial perspective seems an appropriate manner in which to
address planning for the NICU graduate when seen in follow-up clinic. Figure 2
illustrates the relationship between health conditions and contextual factors and how
they interact to effect the individual. Thus the effect of the condition, e.g. hypoxic-
ischemic encephalopathy, will be on the individual’s body function, his ability to
perform activities, and his ability to participate in social activities. The graduate and
his environment will ultimately determine the effect.

The key question seems to be at what level of disability has the intervention

taken place.
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Table 1 Differences in disability terminology

Terms used by Levels of reference for impact of disability
External
Cells/tissue Organ Person Social barriers
Nagi (1969) [6] Pathophysiology | Impairment | Functional | Disability |-
limitation
WHO (1980) [7,8] |- Disease Impairment | Disability | Handicap
IOM (1991) [9] - Pathology | Impairment | Functional | Disability
limitation
NCMRR 1993 [10] | Pathophysiology | Impairment | Functional | Disability | Societal
limitation limitation
Table 2 NCMRR five dimensions of function
Dimension Description
Pathophysiology Interruption or interference of normal physiology and developmental
processes or structures
Impairment Loss or abnormality of body structure or body function
Functional limitation Restricted participation in typical societal roles
Disability Inability to participate in typical societal role functions
Societal limitation Barriers to hill participation in society that result from attitudes,
architectural barriers, and social policies

Perhaps a way of answering this question is asking what the appropriate measure
of outcome should be. Studies have traditionally used such measures as mortality,
ultrasound imaging, and scores on standardized tests such as the Bayley Scales of
Infant and Toddler Development (BSID). While these outcomes may aid in the eval-
uation of results using an ICD-10 classification, they are not necessarily useful for
the ICF. Butler et al. [5] note the difficulty in determining appropriate outcomes in
disability research. Noted are different levels or dimensions of disability and vari-
ability in the labeling of these dimensions. The variability in terminology from Nagi
to WHO to the Institute of Medicine to the National Center for Rehabilitation
Research (NCMRR) is represented in Table 1 (from Butler).

A clear example of the utility of this dimensional view of disability is given by
Butler in the evaluation of cerebral palsy. Table 2 describes the five dimensions of
function as designated by the NCMRR, and Table 3 describes how these dimensions
are relevant to the child with cerebral palsy.

It should be noted that while a single intervention may have effects in various
dimensions, that is not always the case. For both outcomes research and the care of
the individual, it is important however to determine which of the dimensions of dis-
ability the intervention is meant to address. Following that determination, however,
it is often useful to evaluate the effect of the intervention in other dimensions.

For the individual and his family, the appropriate question is what is the desired
outcome of the intervention. While the use of dexamethasone postnatally in prema-
ture infants was reported to cause impaired gray matter growth [11], the effect of
worsening clinical outcomes is likely the major concern of families. Therefore, an
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Table 3 NCMRR dimensions of function and cerebral palsy

Level Examples

Pathophysiology | Cystic lesions and white matter loss as a result of periventricular
leukomalacia of the premature infant’s brain

Impairment Spasticity, contractures, low endurance, perceptual dysfunction

Functional Awkward walking with fatigue, difficulty dressing, poor concentration and
limitation sustained listening, reading problems

Disability Learning delays, education in restricted environment, limited sports activity,

interference with dating and sexuality, not able to take communion at church,
cannot participate in family activity by doing chores at home, unable to
achieve independent living

Societal Exclusion from school/city team sports, denial of medical treatment or
limitation equipment by insurer, government action that blocks the building of
independent living units for people with disabilities, failure of voters to
support funding of wheelchair lifts for public buses

important indicator for the scientist, dexamethasone’s pathophysiologic effect in the
brain, probably only has clinical significance if there is an effect in other dimen-
sions, such as the NCMRR dimension of disability. While Fischer et al. [12] have
used scores on the BSID as an outcome for the effect of erythropoietin for neuropro-
tection, this is probably a measure of impairment or functional limitation and not
disability or societal limitation. The parent or guardian of the graduate must be
included in the discussion of the goal of intervention.

The difficulty in interpreting and comparing outcomes using different measures is
illustrated in the Nebraska follow-up experience. The data has generally revealed that
the greatest risk factors for a poor neurodevelopmental outcome are gestational age
at birth, length of time on ventilation, and length of NICU stay. The major outcomes
reported are generally scores on the BSID and the need for early intervention ser-
vices. At 6—8 months corrected age, while these two outcome measurements trend in
the same direction, the difference in what they suggest is striking. For example, while
50% of infants delivered at 24 weeks and 40% of those delivered at 25 or 26 weeks
were involved in the early intervention system, scores on the BSID-III cognitive and
language subscales were much more encouraging. For those 24 weeks at birth, mean
BSID cognitive composite was 90 and language 86. For those at 25 weeks, the
respective scores were 93 and 94, and for those at 26 weeks, they were 96 and 95.
Therefore, the BSID data reveal an outcome measure easily within a single standard
deviation of the mean, while the referral data place approximately 50% of these sur-
vivors in the 3% of infants requiring early intervention services. The disparity at this
young age between the two outcome measures, Bayley scores and need for early
intervention services, is illustrative of how measures of impairment, functional limi-
tation, and disability can seem to give conflicting results.

Certainly, longer-term follow-up with more sensitive prognostic indicators than
the BSID is needed to better evaluate especially disability and societal limitations.
The Scandinavian literature has comprehensive long-term registries from which follow-up
can be determined which give a hint of what follow-up results mean in adulthood.
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In Norway, at ages 20-36 years, from approximately 900,000 newborns, there was
a generally stepwise increase in cerebral palsy, “mental retardation”; schizophrenia;
disorders of psychological development, behavior, and emotion; and other major dis-
abilities as gestational age decreased [13]. From an examination of dimensions of
disability, this increased effect as gestational age decreased was seen in “any disability
affecting working capacity,” supporting the notion that prematurity will increase societal
limitations. Lindstrom et al. [14] in Sweden reported that, among more than 500,000
adults ages 23-29, there was an increasing incidence of disability at decreasing gesta-
tional age. Among outcomes examined were postsecondary education, employment,
social welfare, and living with parents. Also considered were sickness pension,
disability allowance, and disability assistance. The problem with these large long-term
studies is, of course, the change in interventions in the NICU from the 1970s to the
current time and the effect of socioeconomic status on outcome.

While these changes in care and variability in social status may have effects over
time, it is less clear that parent and child preferences change. These preferences may
be more wedded to cultural and religious factors and thereby influence what out-
come needs to be addressed in an infant at risk. Saigal and her group have looked at
longer-term outcomes in a North American population. In a 1999 study [15], neona-
tologists, neonatal nurses, parents, and adolescents, both those with a history of
extremely low birth weight and controls, were presented four to five hypothetical
health states and asked to rate them as to the quality of life they felt it provided. The
scenarios varied from minimal disability, perhaps a learning disorder, to apparent
cerebral palsy with associated sensory impairment. For those with a mild to moder-
ate impairment, health professional and parents rated quality of life similarly.
However, for those with severe impairment, parent’s rating of quality of life was
better than that rated by health professionals. The adolescents rated the milder dis-
ability as a lower quality of life than did the health professionals. However, the
adolescents rated the quality of life with the more severe disability as better than did
the parents or health professionals.

The data presented indicates the need to evaluate outcomes based on the needs
and desires of the family as well as the apparent optimal interventions in the NICU
as measured by standardized testing in the first years of life. It also makes clear the
need to look at the long-term impact of neonatal conditions and interventions. To do
this effectively, the follow-up program must partner with community programs to
ameliorate the biopsychosocial sequelae of a NICU stay. Such programs must
attempt to address all levels of disability. It is the role of the NICU follow-up clinic
to help these at-risk children today and in the future.
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