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CHAPTER 59

‘.

Developmental Outcome

Forrest C. Bennett

More than 250,000 low-birth-weight infants (LBW;
52,500 g) are barn each year in the United States, consti-
tuting approximately 7% of all live births. Of these
infants, approximately 50,000 annually are of very low
birth weight (VLBW; <1,500 g), constituting approxi-
mately [.5% of all births. Because the estimated LBW
incidence has remained relatively stable over the past 40
years (Fig. 59-1), contemporary reductions in neonatal
mortality are steadily increasing the prevalence of biolog-
ically vulnerable infants and children in the overall popu-
iation (1).

Although much medical, legal, ethical, and economic
debate continues to occur over the effects of neonatal
intensive care on the long-term developmental status of
LBW survivors, most investigators are in agreement that
the single clearest outcome of this technically enhanced
care has been a dramatic and continuing reduction in
neonatal mortality since the carly 1960s, particularly for
VLBW infants since the mid-1970s (see Fig. 59-1)(2,3).
With current standards of practice in the neonatal inten-
sive care unit (NICU), many more LBW, premature
infants are surviving to be discharged home after
extended hospitalizations than was the case even 5 to 10
years ago. The major factors responsible for this
increased survival include the technical ability to provide
assisted mechanical ventilation to the smallest of LBW
infants; the regionalization of perinatal-neonatal care,
with greater numbers of maternal transports to and
nfants born in tertiary centers; and the widespread use of
exogenous surfactant.

Remarkable improvements in the birth-weight-specific
mortality rates accounted for 90% of the overall decline
m nconatal mortality between 1960 and 1980 (4). During
these two decades, decreases in the mortality rates of
silants weighing between 1,500 and 2,500 £ contributed

I CoBennett: Department of Pediatrics, University of Washing-
i, Seatlle, Washington

more than any other weight group because of both greater
proportional decreases and higher absolute declines in
mortality; however, there has been steady and statistically
significant reduction in mortality rates among VLBW
infants throughout the last 15 to 20 years, Mortality for
infants with birth welghts of 1,001 to 1,500 & has fallen
from more than 50% in 1961 to less than 10% today.
Moreover, the most substantial improvement of the 1980s
over the 1970s in neonatal mortality rates was in the 751
to 1,000 g birth weight group, where today’s infants have
greater than an 80% chance of surviving if they are admit-
ted to an NICU (5). Finally, in the 1990s, 40% to more
than 60% survival for infants between 500 and 750 g birth
weight is being accomplished (6-8). The intact survival of
a 380-g infant has been described (9).

Although survival continues to increase in all LBW
categories, the greatest impact of neonatal intensive care
technology clearly has been on the smallest, sickest, and
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FIG. 58-1. United States annual rales of necnatal mortality
and low-birth-weight births from 1955 to 1995, (Adapted from
Lee KS, Paneth N, Gartner LM, et al. Neonata! mortality: an
analysis of the recent impravement in the United States. Am
J Public Health 1980:70:15, with permission.)
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most medically Tragile mfants. The success in achieving
these mmproved survival rates for LBW, premature infants
raises obvious concerns about the subsequent develop-
ment of such vulnerable ini‘fa’nt.\‘. It mandates an organized
neurodeveiopmental Tollow-up approach o carefully and
continzousty monitor the quatity of survival of the NICU
praduate.

ORGANIZATION OF A HIGH-RISK INFANT
FOLLOW-UP PROGRAM

Ohjectives

There are a number of compelling reasons for conduct-
ing longitudinal neurodevelopmentat surveillance of sur-
vivors of neonatal intensive care. There also are practical
problems encountered in providing comprehensive fol-
low-up services. Individual follow-up programs must
ciearly define their own goals and objectives and then
organize their roles and activities accordingly. A commu-
nity hospital’s follow-up efforts kikely will be determined
by a different set of expectations than those of a univer-
sity-afTiliated tertiary care center. Furthermore, ideal fol-
low-up care in the United States frequently is constrained
by limited resources. In general, follow-up programs are
designed to meet one or more of the following objectives.

Quality Control

Regular, periodic fotlow-up of a large proportion of
survivors can provide one type of audit of an individual
NICU’s performance. Because intensive care nurseries
differ in such critical management areas as neonatal
resuscitation, modes of assisted ventilation, treatment of
ventriculomegaly, and use of parenteral nutrition, and
also in such neonatal outcomes as mortality and preva-
ience of medical comptications [e.g., bronchopulmonary
dysplasia (BPD), intracrarial hemorrhage], units may
wish to comparce their neurodevelopmental morbidity
with the contemporary experience of similar nurscries
(10). They also may wish to monitor their major disabling
morbiditics from year to year to detect any significant
differences that might accompany further reductions in
mortality or the introduction of new intensive care proce-
dures or treatments. It must be recognized that follow-up
at T or 2 years of age, although providing much uscful
mformation about the prevalence of major neurosensory
impairment among survivors, is of insufficient duration
to idenufy changes over time 1n more subtle aspects of
bram function such as learning and behavior.

Developmentad Services

Neurodevelopmental Tollow-up can provide important
ongoing subspecialty care o at-risk children and funu-
Hes. Follow-up clinie personnel with o muladisciplinary

approach will hikely have the most experience and exper-
tise g given community concerning the unique devel-
opmental patterns of LBW, premature infants. In general,
the Tollow-up program will complement and serve as SCC-.
ondary or teruary developmentai consultants to the pri-
mary health care providers. The program will encourage
and facilitate the establishment of a community-based
medical heme (c.g.. private practitioner, public health
clinie) Tor every medically complex survivor. Experience
with biologically and environmentally vulnerable indi-
gent populations, however, suggests that actual provision
of primary health care, in addition to evaluation and case
management services, may be necessary in some situa-
tions to prevent attrition and maintain contact with thase
children and families at greatest long-term risk (11).
Although the appropriate approach to this 1ssue of role
definition is likely to vary with different populations and
access to medical care in different settings, it obviously is
of fundamental importance to the organization of follow-
up clinics and also to the maintenance of mutual trust
relationships with the primary care community.

The specific objectives of follow-up neurodevelopmen-
tal assessment activities may be grouped conveniently ag
follows: to provide cautious reassurance to anxious par-
ents; to ensure early identification and intervention for per-
sistent developmental abnormalities; and to recognize the
natural history of transient developmental abnormalities
and thereby avoid unnecessary, costly interventions. Main-
taining an appropriate balance of diagnostic and reassur-
ance functions is one of the greatest challenges for the con-
temporary high-risk follow-up program.

Developmental Training

The fotlow-up clinic provides a marvelous setting for
interdisciplinary developmental training. It is a clinical
laboratory for the observation of the gradual recovery and
normalization over time of most at-risk infants and, in
other cases, the gradual evolution of a wide variety of per-
manent neurodevelopmental dysfunctions. Thus, the at-
risk population offers a longitudinal training experience
that spans the normal-abnormal development continuum.
In many pediatric training programs, the follow-up clinic is
the sole opportunity for pediatric residents to observe the
outcomes of their own intensive care efforts, It would seem
virtually impossible for physicians to be informed ade-
quately about the cthical debates and dilemmas surround-
ing neonatal intensive care withou! a first-hand foilow-up
experience, Likewise, other child development profession-
als (e, psychologists, physical therapists, communica-
tion disorders specialists) can use the follow-up clinic prof-
itably as a diverse training base, particularly to broaden the
range ol nornwatve development for their students, Obwvi-
ously, these training objectives will apply primarily to uni-
versity-aflthated tertiary care centers, with their numerous
and varted tramee availability.,
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Outcome Research

The umiversity-affiliated follow-up program should he
engaged actively in clinical résearch tha contributes to the
understanding of the ncurédcvc!opmcntal and neurobe-
havioral outcomes of children who experienced neonatal
miensive care. These studies fnay take the form of cither
descriptive observational teports or clinical trials of spe-
cific perinatal -neonatal interventions. For example, the
University of Washington’s High Risk Infant follow-up
Program has published studies describing the outcome of
nfants weighing less than 800 g at birth (12-14) as well
4s studies evaluating the uttlity of procedures such as elec-
tronic fetal monitoring of premature labor and delivery
(15} and treatments such as high-frequency mechanical
ventilation (16). Although tremendous variability exists in
the target populations, methodologies, and general scien-
tfic quality of the accumulated high-risk follow-up
research, a growing consensus of vatid outcome observa-
tions gradually has emerged over the last 30 years, and
informative summary conclusions can be synthesized.
Lven though the ideal, population-based, non-risk-con-
trolled, Tongitudinal to school age study rarely is accom-
nlished for a variety of practical reasons {e.g., cost, sub-
ect mobility, investigator discontinuity), individual
follow-up investigations, carefully performed albeit with a
imited scope, continne to modify and refine overall
snowledge and, in some cases, challenge assumptions.

This is not to say that broad, well-funded, collaborative
ollow-up efforts should not be pursued vigorously on
'oth regional and national, and even international, levels.
\ recognized need for uniform population descriptions,
‘tandardized assessment protocols, common disability
lefinitions, and adequate numbers of pooled subjects stil]
“wists. Threats to the interpretability and generalizability
' small, local studies include population demographic
15, neonatal treatment differences, attrition of highest-
sk (ie., doubly vulnerable) subjects, and cross-sectional
‘ata analysis combining multiple age endpoints. A great
val has been learned about the short- and long-term

regnoses of NICU survivors from hurdreds of indepen-
nt follow-up studies, but much more has yet to be clar-
icd by enhanced research approaches (17).

‘vrsonnel

The size and complexity of the neurodevelopmental

How-up team depend on the scope of the program and
“size of the paticnt population. For example, a level ]|
HI community hospital with primarily developmental

e objectives will likely cmploy a smaller team, fol-
v lor a shorter period of time, and administer fewer
ndardized measures than a university-affiliated ter-

“hoLare center with training and research responsibili-
n either case. certain key tasks must be accom-

hedl Probably the most critical role in terms of
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maximizing fellow-up compliance and minimizing atiri-
tion 15 that of the follow-up coordinator, usuaily a pro-
gram nurse. This person is the liaison between the NICU
and the follow-up ciinic. The nurse coordinator can iden-
tify and meet eligible infants and familics before they
leave the nursery, participate in the discharge conference
and transition plans, and, in some cases, make prelim-
nary contact with the family by means of a home visit
before the initial follow-up evaluation. This liaison func-
tion is particularly important in those programs that con-
duct high-risk follow-up at a separate site away from the
intensive care nursery and in which none of the follow-up
persoanel is actively involved in the NICU.

Overall program direction is typically provided by a
physician or psychologist. This person ultimately is
responsible both for meeting the broad programmatic
objectives and also for day-to-day operations. The direc-
tor of a university-affiliated follow-up program fre-
quently must balance competing service, training, and
research obligations while eclectically maintaining suffi-
cient funding sources to ensure fong-term program via-
bility. The director certainly should be knowledgeable in
terms of current follow-up literature and contemporary
models of program structure and function.

Other follow-up roles of the interdisciplinary team
include the following:

Medicalwneuroiogic assessment. This may be provided by
a neonatologist, developmenta] pediatrician, or child
neurologist. In some programs a pediatric nurse practi-
tioner or the nurse coordinator may provide health,
nutritional, and behavioral guidance pertaining espe-
cially to such issues as feeding, sleeping, temperament,
and discipline.

Developmental—j ntellectual-academic achievement assess-
ment. This often will be performed by a physical thera-
pist during infancy and by a clinical psychologist or psy-
chometrist thereafter. Some tertiary centers may use a
neuropsychologist at school age. In some programs, an
early childhood educator or infant developmenta] spe-
cialist participates in early assessments.

Neuromotor assessment. This usually will be done by a
physical therapist during the first years of life when
£r0ss motor concerns are paramount, and then by an
occupational therapist during the preschool and school
years when fine motor concerns predominate.

Language-speech assessment. In many follow-up pro-
grams, this responsibility is assumed by the psycholo-
gist. Some programs have the necessary personnel and
funding resources (o use a communteation disorders
speetalist on a regular basis,

Family assessment. The increasingly important task of
evaluating and moenitoring the home parcnting cnviron-
ment may be performed by a socigl worker, a clinical
nurse spectalist, or both. As the number of dysfunctional
familics in the NICU setting steadily increases because
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of such prevalent influences as poverty, single parent-
hood, and prenatal substance abuse, so does the require-
ment of follow-up programs increase for qualiled psy-
chosocal personnel.

Hearing assessment. The adequate ability 1o assess hear-
ing at any age by a clinical audiologist is imperative for
tertiary follow-up programs. Both electrophysiologic
and behavioral audiometric procedures should bhe
available.

Visual assessment. A pediatric ophthalmologist shouid be
readily accessible by consultation to the follow-up pro-
gram, particufarly for extremely low-birth-weight
(ELBW,; 1,000 g birth weight) infants.

Patient Selection

Once again, the goals, objectives, personnel, and
resources of an individual follow-up program will com-
bine to determine the proportion and nature of at-risk sur-
vivors that can be served. Since it wsually is impossible
for a program to follow all infants receiving neonatal
intensive care, somewhat arbitrary nisk criteria generally
are established to provide broad follow-up guidelines
(18). In light of the variation and tmperfection of
assigned risk factors in accurately predicting neurodevel-
opmental outcome, a follow-up program is wise to adopt
a flexible, rather than rigid, approach to the issue of eli-
gibility. In general, a follow-up program will target the
smallest and sickest NICU graduates to maximize the
likely necessity of its services. Different levels of follow-
up priority (e.g., high, medium, low) frequently are used
to structure the selection and longitudinal monitoring
process, University-affiliated follow-up programs con-
ducting specific clinical research will tailor patient selec-
tion according to study requirements.

Common risk criteria for follow-up include the follow-
ing factors:

» VLBW. In smaller programs with limited personnel
and resources, the birth weight criterion may, by neces-
sity, be arbitrarily lowered to 1,250, 1,200, or even
1,600 g. This category also generally will incorporate
those infants of 32 weeks of gestational age or younger.

+ Small for gestational age (SGA). Most programs strive
1o include infants whose weight or head circumference
at birth was more than two standard deviations below
the mean for gestational age.

« BPD. Programs will vary on the required duration of
mechanical ventilation and oxygen administration.

« Neuroimaging abnormalitics, This criterion typically
will include such findings as severe intracranial hem-
orrhage (c.g., large mtraventricular hemaorrhage, intra-
parenchymal hemorrhage), severe ventricuiomegaly, or
extensive cystic periventricular leukomalacin,

+ Prolonged scizures or other abnormal neurologre
behavior, This would mclude those infants who con-

tinue to demonstrate an atypical neurologic examipg.
ton at the time of nursery discharge.

« Central nervous system infection. The targeted infec.
tion may have occurred during the intrauterine, intpq.
partum, or neonatal time period.

+ Miscellaneous perinatal-neonatal events of potentia]
ncurodevelopmental significance. Most programs wi[]
prioritize infants who have experienced (o a severe
degree such complications as asphyxia, hyperbiliry-
binemia, hypoglycemia, or polycythemia. Specific
threshold determinations will vary from program to
program. Table 59-1 quantifies the major neurodevel-
opmental risk associated with many of these follow-up
inclusion criteria.

Many states use or are developing some type of com-
prehensive high-risk tracking or screening system to
monitor the growth and development of biologically vul
nerable infants (19). In some states {e.g., lowa, North
Carolina, Washington), this broadly based tracking sys-
tem serves as an initial screen to identify those infants
and toddlers who merit complete, tertiary developmental
assessment. This coordinated approach to follow-up
offers the advantages of tracking many more at-risk
infants and families while also increasing the efficiency
and appropriate use of the formal follow-up clinic.

Clinic Schedule

The schedule of evaluations conducted by the University
of Washington’s High Risk Infant Follow-up Program is

TABLE 59-1. Risk factors for major neurologic and
cognifive sequelae in surviving infants requiring neonalal
intensive care

Birth weight Risk factor
(@) Category (%)
>2,500 All admissions <5
Respiratory distress syndrome 5
Postasphyxia seizure 30-50
Meningitis 30-50
1,501-2,500 Al admissions ‘ 10
Small for gestation age <10
Respiratory distress syndrome <10
Bronchopulmonary dysplasia 20-30
Postasphyxia seizure 30-50
Meningitis 30-50
<1,500 All admissions 10-30
Appropriate for gestational 10-15
age, nanventilated
Appropriate for gestational 30-40
age, ventilated
small for gestational age 30-50
Seizures, decerebrate posture 75-80
<1,000 Ali admissions 10-40

Adapted from Fitzhardinge PM. Follow-up studies of the
high-risk newborn. In: Avery Gb, ed. Neonatology: patho-
physiology and management of the newborn, 2nd &G
Philadeiphia: JB Lippincott, 1981:353.
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wtlined in Table 59-2. This plan is illustrated as an exam-
e of a follow-up program with combined ¢linical service,
“iming, and rescarch objcctiycs. Smaller hospital-based
rugrams without training or research requirements ofien

Hl be able to meet their clinical needs with different for-
utts. shorter duration of follow-up, and fewer standard-
ed assessments. Basic monitoring concepls applicable to
I follow-up programs, however, include special atiention
' heuromotor development the first year, language and
wenitive development the second and third years, school
wadiness skills between 4 and 5 years of age, and acade-
1c achievement during the early school years. In addition,
‘tention to family function ideally should be an integral
ut of each clinic visit. With this developmental sequence
*evaluations, timely identification of delays and dysfunc-
ms as well as appropriate referral to community-based
iervention services are optimized (20).

A frequent topic of debate concerns the calculation of
~essment age for premature infants (21). Whereas most
‘liow-up programs plan their clinic visit schedule and
are thetr evaluation measures on the basis of fully cor-
vied age (i.e., chronologic age minus the number of
=cks premature), a number of others continue to use
1adjusted chronologic age or even, in a few cases, one-
IT correction (i.e., chronologic age minus one-half the
‘mber of weeks premature). The reluctance 1o use full
~tational age correction stems from a concern over the

TABLE 59-2. High-risk infant follow-up clinic schedule

>orrected
age Test

no BSID2

MAI

Physical and Neurologic Examination
0% BSID

MA{

Audiologic Evaluation by Visual

Reinforcement Audiometry

Physical and Neurologic Examination
mo BSID

Physical and Neurologic Examination
mo BSID

Physical and Neurologic Examination
mo Stanford—Binet Intelligence Scale
Peabody Picture Vocabulary Test
Expressive Language Sample
Physical and Neurclogic Examination
Wechsler Preschool and Primary Scale of

Intelligence

Peabody Developmental Motor Scales
Physicat and Neurclogic Examination
Wechsler Intefligence Scale for Children
Peabody Individual Achievement Test
Physical and Neurologic Examination

years

i) 8 years

ISID, Bayley Scales of Infant Development; MAl, Move-
't Assessment of Infants.

wheduled selectively for those infants with possible neu-
»lor abnormalities at 4 months of age.

potential artificial inflation of developmental test scores
and coincident underuse of carly intervention services
during the first several years of life. Although these are
valid clinical concerns to consider when providing
parental feedback and making referral decisions, the
weight of the evidence in terms of the neuromaturation of
premature infants favors the practice of gestational age
correction, at least to 3 years of age, when monitoring the
growth and development of NICU survivors.

Regardless of the scheduling mode used, all follow-up
personnel must appreciate the imprecisions and variabil-
ttiecs of early developmental assessment. Low-birth-
weight, premature infants may demonstrate improving
developmental performance during the first years of life
as they recover from perinatal-neonatal insults and
chronic health impairments (e.g., BPD, necrotizing ente-
rocolitis). Conversely, they also may demonstrate add;-
tional developmental dysfunction over time as more sub-
tle disabilities become increasingly apparent and testable.
In light of these patterns of development, health and
developmental professionals who work with premature
infants and their families must be aware of the hazards
implicit in the high-risk concept. Parents may perma-
nently regard their child as vulnerable, once so labeled,
and contribute to a self-fulfilling prophecy. There can be
an overzealous tendency in well-intended follow-up pro-
grams to presume the presence of abnormality rather than
normality, despite the evidence of more optimistic out-
come data to the contrary. In fact, most high-risk infants
do not develop the conditions for which they are at
increased statistical risk, and there frequently is a poor
correlation between the severity of the neonatal course
and specific neurodevelopmental outcomes for individual
premature infants. There is a need for monitoring of this
population with a keen awareness of, but not an expecta-
tion of, adverse sequelae. Documented developmental
dysfunction certainly should not be ignored, but an initial
follow-up posture of cautious optimism is appropriate in
most cases.

NEURODEVELOPMENTAL OUTCOME OF LOW-
BIRTH-WEIGHT PREMATURE INFANTS

Despite contemporary reductions in LBW morbidity
compared to disability rates before the introduction of
neonatal intensive care, permanent neurodevelopmental
problems are seen in many survivors. Such problems
include major neurosensory impairments, cognitive and
language delays, specific neuromotor deficits, neurobe-
havioral and socioemotional abnormalities, and school
dysfunction (22).

Major Neurosensory Impairments

The major neurosensory impairments  associated
with prematurity are cercbral palsy, particularly of the
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spastic diplegia type: mental retardation [i.e.. intclh-
sence quotient (1Q) more than two standard deviations
helow the standardized test mean]; sensorincural hear-
mg joss; and visual impairment, primarily the conse-
quences of retinopathy of prematurity (ROP) (23).
lese major developmental disabilities may occur
1ogether in the same child and occasionalfy are compli-
cated by progressive hydrocephalus or a chronic seizure
disorder. They usually are clinically apparent by 2 years
of age and vary in severity from mild to profound. Chil-
dren with one or more of these major impairments gen-
crally require special educational programming and
individual therapeutic intervention throughout child-
hood. These conditions occur two to five times more
frequently in LBW compared to full-birth-weight
{FBW) infants. As a group, their prevalence increases
with decreasing birth weight and gestational age; the
disability rate in boys consistently exceeds that in girls
(24). Table 59-3 provides combined prevalence esti-
mates and ranges by birth weight group for these
chronic neurosensory impairments. The actual numbers
represent a synthesis from reporting tertiary care cen-
ters in the United States, Canada, Austraha, and West-
ern Europe.

Such major morbidity statistics may be viewed either
positively or negatively, or both. On the one hand, the
occurrence of these major sequelae is far less than ini-
tially predicted at the beginning of the NICU era, and
many more nondisabled than disabled survivors {(approx-
imately 8:1) are being added to the population (25). Con-
versely, epiderniologic investigations appear to document
that reductions in LBW major morbidity have not paral-
leled or kept pace with reductions in LBW mortality and
that the major impairment rate has changed little over the
past 20 to 25 years, Actual increases in both the incidence
and prevalence of major disabilitics among the smallest
and sickest survivors have been reported by some
(26,27). Others, however, have reported a stable major
morbidity rate for infants weighing fcss than 800 g at
birth (Table 59-4), a subgroup whose survival has dra-
matically increased during this time period (12-14). This
encouraging observation that the overall incidence of
serious neurodevelopmental deficits is remaining stable
while survival continues to increase has been repeatedly
corroborated even for those ELBW infants who wetghed
iess than 750 g at birth (8,28-30).

TABLE 59-3. Low-birth-weight infants who survive
with one or more major impairments

Birth weight Percent with major

(g) impairments (range)
1,501-2,500 8 {5-20)
1,001-1,500 15 (5-30)
<1,000 25 (8-40)

TABLE 59-4. Prevalence of major
impairments in survivors weighing less than
800 g at birth at the University of Washington

Major impairment (%)

1986-1990 17/78 (22}
1983-1985 8/38 {21}
1977-1980 3416 (19)

From LaPine TR, Jackson JC, Bennett FC.
Qutcome of infants weighing less than 800
grams at birth: 15 years’ experience. Pediatrics
1995,96:479.

Cerebral Palsy

Cerebral palsy, of varying types and severities, remains
the most prevalent major developmental disability
encountered in premature infants; the prevalence in
VLBW infants varies between 6% and 10%, and approx-
imately 40% of all children with cerebral palsy were born
prematurely (i.e., <37 weeks of gestation) (31). Although
both spastic (i.e., pyramidal) and athetoid (i.e., extrapyra-
midal) types of cerebral palsy may be encountered in
NICU graduates, the spastic cerebral palsy syndromes
(i.e., diplegia, hemiplegia, and quadriplegia) are the neu-
romuscular disorders most commonly seen in LBW
infants. One specific type, spastic diplegia, in which the
legs are much more affected than arms, is so strongly
associated with prematurity (i.e., at least twothirds of ali
children with this disorder are born before 37 weeks of
gestation) that for over a century it has been referred to as
“the disease of immaturity” (31a). Figure 59-2 illustrates
the relationship between spastic diplegia and gestational
age. Most cases occur in a window of vulnerability in
infants born between 28 and 34 weeks of gestation.

Despite the long consistency of the spastic diplegia—pre-
maturity association, the exact etiologic factors involved
often have been clusive and difficult to identify precisely
prospectively (32). Neither the severity of perinatal-neona-
tal illness nor the presence or the severity of intracranial

100 ¢
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FIG. 59-2. Occurrence of spastic diplegia as related 10 9es”
lational age.
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hemorrhage reliably predicts spastic diplegia. Data derived
prtmarily from studies correlating ultrasonographic, neu-
ropathologic, and clinical information led to the conclusion
that spastic diplegia is the clifical expression of periven-
tricutar leukomalacia and its variants (33). Periventricular
lcukomalacia appears to be caused, in large par, by
hypoxic~ischemic injury to the periventricular white mat-
ter. The demonstration on serial cranial ultrasounds of ini-
lial extensive periventricular echodensities followed in days
to weeks by large, bilateral cyst formation (i.¢., periventric-
ular white matter infarction) is highly predictive (80% 1o
N5%) of permanent cerebral palsy, especially the spastic
diplegia type (34,35), Many cases of symmetric cystic
periventricular leukomalacia oceur in infants with rela-
tively benign clinical courses and are detected only by
routine ultrasound screening. Premature infants born to
others with prolonged rupture of membranes and/or
“horioamnionitis seem to be at an increased risk (36).
several investigators have implicated prenatal factors
¢.g., intrauterine growth retardation) in the etiology of
ome cases of spastic diplegia. Hagberg has postulated
‘hat the complex interaction of prenatal abnormalities
i.e., “fetal deprivation of supply”) with perinatal diffi-
ulties in the birth process and the adjustment to the
Nirauterine environment may constitute a common
ruthogenetic mechanism of spastic diplegia (37). Accord-
1gly, the etiology of spastic diplegia frequently is multi-
wtorial, and all LBW infants merit close neuromotor
ionitoring during the first 2 years of life, regardless of
e severity of their nursery course.

[n contrast, development of the more severe spastic
uadriplegia type of cerebral paisy, in which all four
\lremities are equally affected, often can be predicted
=ter in NICU graduates on the basis of specific perina-
1 or neonatal events, including asphyxia, marked bijat-
al intraventricular hemorrhage with ventriculomegaly,
olonged neonatal seizures, and central nervous System
lection, Although most premature children with spastic
plegia have average or near-average mental abilities,
nldren with spastic quadriplegia are far more likely alsa

have serious cognitive tmpairments. Spastic hemiple-

1. in which only one side is affected, with the arm usy-
v more than the leg, often is heralded by the ultrasono-
wphic  appearance of a unilateral, periventricular
morrhagic infarction with subsequent cystic transfor-
ition that occurs in association with and presumably as
<sult of substantial asymmetric intraventricular hemor-
e (33).
tcrebral palsy typically presents over time in 2 devel-
mnental manner. Thus, very carly neurologic signs and

iptoms may prove to be transient in nature and not

wative of eventual cerebral palsy. Conversely, infants

»initially appear asymptomatic with a relatively nor-

' neurologic examination at the time of nursery dis-

ree and even for several months thereafter, particu-

in the cascs of spastic diplegia and spastic
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hemiplegia, only to manifest clearly evident cerebral
palsy by | year of age. Premature infants with evelving
cercbral palsy reveal increasing neuromotor abrormals-
ties of muscle tone, movement, posture, and reflex activ-
ity, particularly between 6 and [8 months of correeted
age, in combination with increasingly delayed motor
milestones.

Mental Retardation

Menta! retardation, as defined by a standardized intel-
ligence or developmental quotient consistently more than
two standard deviations below the test mean for corrected
age, often occurs in conjunction with one or more of the
other major handicaps, especially cerebral palsy. In fact,
severe mental retardation and severe cerebral palsy share
associated perinatal-neonatal risk factors. Evidence sug-
gests some increase in the prevalence of severely multi-
handicapped children after increased VLBW survival
(27). Mental retardation occurs in 4% to 5% of VLBW
infants followed longitudinally to school age. Isolated
mental retardation, without cerebral palsy, is a reported
consequence of severe BPD, particularly in cases of
greatly prolonged duration of mechanical ventilation and
Oxygen administration (38,39).

Hearing Impairment

Neonatal intensive care unit graduates are at increased
risk for both sensorineural and conductive hearing loss.
Although the risk of sensorineural loss sufficient to
require hearing aids, special education, and nonvocal
communication Strategies (60 to 100 dB) usually is esti-
mated to be 2% to 3% for VLBW infants, some investi-
gators have reported prevalence estimates between 5%
and 9% coincident with the increased survival of more
vulnerable infants (40). Exposure to ototoxic drugs,
infections, hypoxia/ischemia, and hyperbilirubinemia are
among the interacting and cumulative factors contribut-
ing to the risk of sensorineural loss. The duration and
extent of hyperbilirubinemia in VLBW infants has been
examined carefully. DeVries and colleagues found biliru-
bin levels in excess of 14 mg/dL to be associated with a
high risk of deafness in VLBW infants but not in healthy
premature infants with a birth weight greater than 1,500
g (41). Others also have emphasized the potential ototox-
icity of hyperbilirubinemia in VLBW infants in combina-
tion with hypoxia, acidosis, and prolonged administration
of multiple ototoxic medications such as the aminoglyco-
side antibiotics and furosemide. These investigators con-
clude that the additive effects of protracted tlness plus it
associated treatments, independent of specific diagnostic
categories, constitute important risk factors for perma-
nent hearing {oss in this population (42),

There is ample evidence that infants of all birth weights
who sustain severe persistent pulmonary hypertension of
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ihe newborn comprise a particularly high-risk subgroup
tor sensorineural hearing loss, with prevalence estimates
ranging from 20% to 40% (43). In some cases, the foss is
vrogressive during the first 3, years of life. The exact
mechanism of insult remains unclear in this population of
nfants who typicaily experience prolonged hypoxia,
wvere acute and chronic lung disease, and multiple
weressive interventions. Another concern has been the
notential deleterious effect of prolonged incubator noise
n hearing function. Abramovich and associates found no
2vidence for this hypothesis in VLBW infants (44), Many
:f the risk factors associated with hearing impairment also
e associated with cerebral palsy, and these two disabili-
‘ies often occur together in the same child.

Mild and moderate (25 to 59 dB) sensorineural hear-
ng losses, sufficient to contribute to delayed language
levelopment but compatible with oral communication,
tIso occur with increased frequency (6% to 8%) in LBW
nfants. Previously unrecognized unilateral sensorineural
waring losses, with adverse language and learning con-
wquences, may become apparent in the older child (45).
\ high prevalence {20% to 30%) of chronic otitis media
vith middle ear effusion and fluctuating, conductive
wearing loss greater than 25 dB is reported in LBW, pre-
nature infants (46). Suggested mechanisms for this rela-
wonship focus on probable eustachian tube dysfunction
ntiated by a combination of dolichocephalic head
hape, muscular hypotonia, and prolonged nasotracheal
ntubation.

There have been important advances in the hearing
~sessment of LBW infants. Two techniques in particular,
lectrophysiologic auditory brain stem response (ABR)
widiometry and behavioral visual reinforcement audiom-
‘try, have made early, reliable detection of hearing loss in
ae NICU graduate clinically feasible. Centers that rou-
mely screen high-risk, LBW infants with ABR before
-ursery discharge report a false-positive rate of 8% to
(% compared to follow-up testing at 4 months of age
7). Conversely, the unanticipated appearance of severe
cnsorineural hearing loss in high-risk survivors of
'conatal intensive care after having passed an initial ABR
creening test in the newborn period has been reported
t8). It also must be recognized that ABR tests only the
ngh sound frequencies (i.e., 2,000 Hz and above) and
vill not detect hearing losses confined to the lower fre-
iencies. Thus, clinicians must remember that determi-
ations of the adequacy of hearing made only with ABR
sst data before nursery discharge are subject to error.
rsual reinforcement audiometry is an operant condition-
e technique that reliably can provide auditory thresh-
ids for infants who are functioning at a developmental
¢ of approximately 6 months or older. It has great util-

von the high-risk follow-up clinic. A third and newer

wdiologic procedure, evoked otoacoustic  emissions,
Hers promise to be of use in newborn screening in con-
metion with ABR,

Visual Impairment

The major cause of visual loss in LBW infants is retro-
lental fibroplasia, now included under the rubric of ROP
With controtled oxygen administration, ROP was rela-
tively rare until the tast 15 years or so, when significan
numbers of extremely premature infants began to survive,
The name ROP recognizes that immaturity at birth is the
single largest risk factor for this disease. For all practical
purposes, this is a disorder of the VLBW infant. Virtually
no retinal detachment and little retinal scarring js
described in larger premature infants. For the entire
VLBW population, current prevalence estimates range
from 20% to 25% with carly-stage, regressed ROP; 5% to
10% with more advanced-stage, scarred ROP; and 2% to
4% with major visual impairments, including legal blind-
ness, requiring special educational assistance. The distri-
bution of visually impaired infants, however, is skewed
heavily toward those weighing 1,000 g or less at birth. In
these ELBW infants, regressed ROP occurs in 40% to
50% of survivors, scarred ROP in 10% to 25%, and major
visual impairments in 5% to 10%. Figure 59-3 shows the
overall prevalence of ROP by birth weight.

Alteration of normal retinal vascular development is
the halimark of ROP. Although a great deal of effort has
been invested in clinical and animal studies of ROP, there
remains an etiologic maze in which no single factor
stands alone (49). It appears that the embryonic retina of
the small premature, developing outside the uterus, is
vulnerable to many sources of disturbance that can dis-
rupt orderly differentiation and vascularization. In addi-
tion to the well-known impact of hyperoxia, it scems that
hypoxia, variations in PaCO,, pH, retinal oxygen con-
sumption, light exposure, and other factors that affect
retinal perfusion all may play a role. A formula for ROP
could be: immaturity (always) + oxygen (often) + other
factors (variably) = ROP (50). Simply stated, the smallest

Percent
100

75 -

50 -

254
- P - Biths
o 1 ROP %

(=

<1,00¢  1,000-%.500 1,501-2000 >2,000
Birth Weight in Grams

FtG. 59-3. Perceniage of retinopathy of prematurity (H_OF’)
by birth weight versus proportion of births by birth weight.
{From Glass P, Avery (3B, Subramanian KNS, et al. Effect of
bright light in the hospital nursery on the incidence of
retinopathy of premalurity. N Engl J Med 1985;313:401, with
permission.)
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and sickest newborns have the most complications that
potentially can impede retinal function. and they also
have the most ROP

Even regressed ROP is:associated with an increased
risk for refractive crrors; Exmblyopia, and strabismus.
“Myopia of prematurity.” even without ROP, has been
described to occur in approximately one-third of surviv-
ing ELBW infants (S1). 1t is considered (o be mostly
tenticular in origin and to improve slowly, but not com-
pletely, throughout childhood, with slight visual acuity
differences still apparent in early adulthood. Strabismus
may represent an isolated problem or, in some cases, may
be an initial indication of a generalized neuromotor prob-
lem such as cerebral palsy. Visual and hearing impair-
ments may coexist, and prematurity is the leading cause
of children with both deficits, Monitoring of eye muscle
balance and alignment and visual acuity should be part of
routine follow-up of the premature infant, particularly
during the preschool years, Required interventions may
include eye muscle surgery, antisuppression patching, or
corrective lenses.

Progressive Hydrocephalus

Depending on the reporting center, between 20% and
40% of VLBW infants have neonatal ultrasonographic evi-
dence of intracranial hemorrhage, frequently including
Intraventricular hemorrhage with veniriculomegaly (10).
Whereas older reports indicated discouragingly high rates
of posthemorrhagic hydrocephalus, recent reports are
much more hopeful in describing a very low prevalence
(2% to 4%) of progressive hydrocephalus requiring ven-
triculoperitoneal shunting in VLBW infants {52,53). Serial
scanning with cranial ultrasonography has revealed that
most cases of early ventriculomegaly either spontaneously
resolve or arrest. The necessity of medical intervention
tc.g., repeated lumbar puncture, diuresis) to prevent the
transition from relatively asymptomatic ventriculomegaly
o progressive hydrocephalus remains unclear Surgical
ventriculostomy drainage is frequently employed as a tem-
porizing procedure in more advanced cases.

For the infant in whom posthemorrhagic progressive
hydrocephalus does develop, it generally becomes clini-
vally evident between 2 and & weeks of age; however,
appearance during late infancy occasionally has been
reported. Vigitance in measurement of the head circum-
ference at cach follow-up examination of the intant is
samportant, and obtaining a cranial uftrasound if head
rrowth becomes substantiafly out of proportion o the
her growth parameters niay be indicated. Although the
nitial months of Tife arce the time when progressive
wvdrocephalus s most likely to develop in premature
nfants, it also is the period of time when the normal phe-
omenon of catch-up head growth in these recovering
nlants becomes most apparent. Thus. increase in head
reumference relutive 1o weight and length usually is an
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anticipated sign rather than a pathologic one, and such
awareness should guide ¢linical mvestigative decisions.
When progressive hydrocephalus does oceur. ncurodevel-
opmental outcome is frequently, although not invariably,
abnormal, complicated by one or more of the major dis-
abilities (c.g., cerebral palsy. mental retardation. sensory
impairments}) (54).

Minor [mpairments

Although major disabling sequelac are by far the casi-
est to quantify and report, a large and persuasive body of
long-term follow-up studies ctearly indicates that a broad
spectrum of cognitive, behavioral, and other minor neu-
rodevelopmental and neurobehavioral sequelae are sub-
stantially more prevalent in surviving LBW, premature
infants. These morbiditics become increasingly apparent
in a variety of clinical manifestations with increasing age,
particularly during the first 6 years of life. These early,
often subtle, developmental and behavioral delays and
differences are not necessarily outgrown but frequently
portend future school dysfunction and may therefore
become major impediments to normal academic and
social progress. Collectively, these problems often are
referred to as the “new morbidity” of prematurity, reflect-
ing their more insidious nature and more intense scrutiny
in recent years (23),

Specific types of developmental morbidities described
in LBW cohorts include cognitive delays (i.e., lower IQ),
speech and language disorders, persistent neuromotor
abnormalities, including difficulties with balance and
coordination, and perceptual problems. Specific areas of
suboptimal behavioral style and performance include
neonatal behavior, infant and toddler temperamemt, emo-
tional maturity, social competence, and selective atten-
tion. As with major impairments, the overall prevalence
of these minor sequelae increases with decreasing birth
weight and gestational age and also is greater in male sur-
vivors. Prevalence estimates in VLBW infants vary
between 5% and 25%. Accordingly, when the 15% to
20% major disability rate is combined, between 35% and
45% of VLBW survivors demonstrate a residual develop-
mental or behavioral problem that compromises their
anticipated function (55). Recent estimates for ELBW
infants are in excess of 50% (56). As with major impair-
ments, most of the mmor developmental morbidities
associated with LBW and prematurity also are related to
the severity of perinatal-neonatal illness. That 15, LBW
mfants who expericnce a prolonged hospital course with
many medicat complications have an increased likelihood
of development of some type of developmental dystune-
tton, Thus, the smallest and sickest infants, particutarly
those ELBW new survivors of the [99Gs, are the most
vulnerable to experience these problems.

In the hundreds of outcome studies across multiple
developmental and behavioral domains, a consistent {ind-
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ing 1s that, regardless of the measures used, groups of pre-
mature children arc less competent and score less well
than groups of full-term chuldren (25). However, this does
not mean that individual prematare children will invari-
ably be less capable than individual full-iern: children.
Despite the large number of significant group associa-
tions 1n follow-up studics. individual developmental out-
come remains very difficuls to predict prospectively with
accuracy in the NICU, and infants with apparently simi-
lar neonatal courses may develop entirely differently,

Cognitive and Perceptual Development

Consistent deficits in performance on intelligence
measures repeatedly have been observed and reported in
LBW, premature children compared to FBW, full-term
children (57,58). Furthermore, these differences in cogni-
tive development become apparent in the first years of
life and then persist and increase during the preschool
and early school years even when the single most power-
ful predictor of [{Q—socioeconomic status—is ade-
quately controlled. In other words, significant deficits in
cognitive and perceptual function occur frequently even
in middie to upper-middic social class children born pre-
maturely, particularly compared to their full-term peers.
This important and academically relevant group differ-
ence exists despite the fact that most LBW children will
have measured Qs within the average range (22).

Cognitive developmental differences between prema-
ture and full-term infants have been reported in early
infancy. Rose investigated the effect of increasing famil-
larization time on the visual recognition memory of 6-
and 12-month-old premature and full-term infants (59).
Whereas the older infants showed evidence of recogni-
tion memory after less familiarization time than the
younger ones, at both ages premature infants required
considerably longer familiarization times (i.e., more
practice) than did full-term infants. These results suggest
that there are persistent differences between premature
and full-term infants throughout at least the first year of
life in a very fundamental aspect of cognition, namely,
visual information processing.

Because manipulative exploration of objects may be
important to the infant’s perception and conceptuatization
of objects, Ruff and colleagues studied this developmen-
tal function in both premature and full-term 9-month-old
infants by means of coded and scored videotapes {(60).
The videotapes were scored for behaviors such as look-
ing, handling, mouthing, turning the objeet around, trans-
ferring the object from hand to hand. and banging. A
high-risk subgroup of premature infants based on neona-
tal complications manipulated the objects significantly
less than cither the fow-risk prematures or the Tutl-term
infants. There was o relationship between manipulative
exploration at 9 months and later cogniteve functioning at
24 months.

Low-birth-weight cognitive deficits have been described
from the earliest days of neonatal intensive care and cven
before. Using a sample of approximately 600 children
born in two Edinburgh, Scotland, hospitals in 1953 (o
1955, Dritlien demonstrated that 10 scores decline with
decreasing birth weight in the first 4 years of life (61),
The percentage of cluldren with 1Q scores below 80 at 4
years was 29% for those under 4 1b 8 oz, 13% for those
between 4 1b 8 oz and 5 1b 8 oz, and 4% for those above
5 1b § oz. Wiener and colleagues, reporting on a sample
of 417 8- to 10-year-oid LBW children who had beep
tested with the Wechsler [ntelligence Scale for Children,
found that the verbal 1Q, which consists of predomi-
nantly cognitive and language items, performance 10,
which consists of predominantly motor—perceptual
items, and full-scale [Q, which consists of a combination
of the verbal and performance scales, all showed increas-
ing impairment with decreasing birth weight even
though all subtest means remained within the average
range of intelligence (62). Morcover, approximately
twice as large a proportion of LBW children as FBW
control children fell into the borderline 1Q category (70
to 84), which usually is associated with special educa-
tional needs. Visual-motor—perceptual skills, as mea-
sured independently by the Bender Gestalt Test, also var-
ied directly with birth weight. Hunt and colleagues
reported the following cognitive outcome proportions in
a cohort of 108 VLBW children at 8 years of age: 4.6%
had a very low [Q (<70), 13.9% had a low IQ (70 to 84),
and, for those with an IQ greater than 84, 12.0% had lan-
guage disability, 12.0% had performance disability,
21.4% had visual-motor disability, and 36.1% were
apparently normal (63).

In a Vancouver, British Columbia, study of 501 LBW
and 203 FBW children born between 1958 and 1965, the
[ difference between LBW and FBW groups on the
Stanford-Binet Intelligence Scale was 9 points at 30
months of age and [5 points at 48 months, even after
exclusion of children with major cerebral deficit or IQ
scores under 50 or significant visual problems (57). In
both the Edinburgh and Vancouver studies, the poor func-
tioning of LBW children is convincingly exacerbated in
sociocconomically disadvantaged subgroups. Table 59-5
itlustrates this interaction of both biological and environ-
mental risk factors in the determination of measured I1Q
of the Vancouver study children. At both 2.5 and 4 years
of age, FBW, highest-social-class children carned the
highest subgroup mean [Q score, whercas LB W, lowest-
social-class children carned the lowest. Both FBW and
LBW groups demonstrated an £Q score continuum from
the highest social class, which had the highest mean 1Q,
to the lowest social ¢lass, which had the lowest mean 1Q,
with the FBW subgroup always higher than the LBW
regardless of social class; at 4 years of age, even FBW,
lowest-social-class children scored higher than  their
LBW, highest-social-class peers.
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TABLE 59-5. Comparison of intelligence quotient means for low-birth-weight children versys
normal-birth-weight controls within social class groups

30 Months of age

48 Months of age

Hellingshead social clasg’ Statistic Number 1Q Number

AL LBW? mean+SD 97.0+15.1 48 99.5+13.7 67
Control mean+SD 108.848.2 19 118.3211.4 26
Difference+SE 11.8429 18.8+£2.8
o} «<0.001 <0.001

Iy LBW mean+SD 91.7+10.7 59 94.3+11.3 100
Control mean+50 10292126 43 110.0x16.8 58
Difference+SE 11.2+2 4 16.7+2.5
p <0.001 <0.001

vV LBW meanSD 89.5+13.9 52 90.6215.8 79
Contro! meanz5D 96.0+9.7 32 102.3+12.9 42
Difference+SE 6.542.6 11.742.7
D <0.01 <0.001

LBW, low birth weight; FBW, fulf birth weight; 1Q determined from Stanford-Bine! tests.
Adapted from McBurney AK, Eaves LC. Evolution of developmental and psychological test scores. In:
Dunn HG, ed. Sequelae of low birthweight: the Vancouver Study. Philadelphia: JB Lippincat!, 1986:61.

The cognitive performance of ELBW preschool chil-
dren has been the subject of more recent attention. Halsey
and colleagues compared predominantly white, middie-
<lass ELBW 4-year olds to matched full-term children
and also to matched LBW children (1,500 to 2,500 g
birth weight) and found both comparison groups to be
two-and-a-half times more likely to have optimal devel-
opment (64). Comparison children had mean cognitive
~cores 15 to 18 points higher than ELBW children. The
mvestigators concluded that weaker performance on all
study  measures  (j.e., language, motor, memory,
visual-motor, perceptual) exists before school entry
imong nondisabled ELBW children compared with their
aeers. Breslaw and colleagues confirmed these cognitive
concerns for ELBW survivors in describing a gradient
clationship between LBW and [Q at age 6 years (65).
Ihey found the largest deficit in full-scale IQ in those
hildren born weighing 1,500 g or less, an intermediate
leficit in those born weighing 1,501 through 2,000 g, and
he least pronounced deficit in those born weighing 2,001
hrough 2,500 p.

lLanguage Development

Communication skills involving auditory and visual
wreeption, the learning and conceptualizing of a verbal
vmbol system (i.c., language), and the actual production
1 speech are critical to academic learning and social
diustment. Several investipations have focused exclu-
neely on this important arca of development in premature
stants. Zarin-Ackerman and colleagues noted both
weptive and expressive language deficiencies at 2 years
Cagean a group of children born as at-risk (i.c., pre-
smmantly premature) infants compared to others born
- healthy, full-terms infants {66). They emphasized that

these deficits could not be a function of social class,
which is a major factor influencing language develop-
ment, because this variable was controlled. In Switzer-
land, Largo and associates compared | 14 premature chil-
dren to 97 healthy, full-term children throughout the first
5 years of life (67). Most stages of language development
occurred at slightly later ages among the premature chil-
dren than among those born at term. Birth weight and
gestational age were negatively correlated with language
development at all ages. Perinatal-neonatal complica-
tions also were significantly negatively correlated with
the ages at which the stages of language development
were reached, and also with final language performance
at 5 years of age. There were no significant differences in
socioeconomic status between the premature and full-
term groups. The particular demographics of this unique
study allowed the authors to conclude that biomedical
factors cxert a considerable effect on the carly language
development of premature children and that this effect is
greater than previously had been recognized (67).

Several smaller studies have confirmed the existence
of linguistic dysfunctions antong premature children, par-
ticularly those with complicated neonatal courses
(68,69). On the basis of a wide variety of measures, infe-
rior performance has been reported consistently in recep-
tive language or comprehension, expressive language
parameters such as vocabulary and word finding, and
speech quatities such as articulation and fluency.

Motor Development

Numerous studies from several continents repeatedly

have documented that the neuromotor development of

LBW, premature infants during the first 2 years of life s
different, more delayed. and penerally more worrisome
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than that of healthy, [utl-term infants. Not only are prema-
ture developmental scores, using such measures as the
Bayley Scales of Infant Ievelopment, consistently and sig-
nificantly below those of full-term infants at 12 months of
corrected age but premature motor scores also usually are
10 to 5 points {1.e., practically one standard deviation)
beiow premature mentat scores at this age {70).

This phenomenon of transiently abnormal neuromotor
signs in the first years of life was described initially by
Drillien, in a 1972 report from Scotland, as “transient dys-
tonia of low birth weight infants” (71). Drillien reported
that its prevalence during the first one-half of infancy var-
ied inversely with birth weight, involving approximately
35% of infants weighing 1,501 to 2,000 g at birth and 60%
to 70% of infants weighing 1,500 g or less at birth, and that
its prevalence also varied directly with perinatal-neonatal
complications (i.e.,, more frequent among sick premature
infants). Transient dystonia includes such neurologic find-
ings as increased or decreased muscle tone, diminished
volitional movement, retention and accentuation of printi-
tive reflex patterns, delayed appearance of normal infantile
automatic reactions, and asymmetric neuromotor develop-
ment. Because these neuromotor signs also are the very
signs seen in infants in whom cerebral palsy is developing,
it is not surprising that a reliable diagnosis of cerebral palsy
is quite difficult in most premature infants throughout early
infancy. As described by Amiel-Tison, however, by 8 to 10
months of corrected age, most LBW infants with transient
dystonia are gradually and spontaneously normalizing on
examination, whereas those relatively few infants in whom
permanent cerebral palsy is developing appear increasingly
abnormal (72). With the knowledge of this common evolu-
tion of neuromotor signs, every VLBW infant can be
assigned 1o one of three diagnostic and prognostic groups
at 12 months of age: those who were always neurologically
normal throughout infancy (25% to 30%); those who
showed transient dystonia with subsequent normalization
(65% to 70%); and those with cerebral palsy (5% to 10%).

Coolman and colleagues and others have extended
these observations to 24 months of age, albeit most neu-
romotor changes occur in the first year of life (73). They
found that some infants with transient dystonia retained
subtle, persistent neuromotor differences that would not
be labeled as cerebral palsy but that represented qualita-
tive deviations from the norm. Longitudinal studies indi-
cate that infants who have experienced transient dystonia
are far more likely to have language, learning, and behav-
toral problems (i.c., minimal brain dysfunction) in later
childhood than are infants who never demonstrated these
abnormalities (74,7%). This wouid indicate thit although
transient dystonia largely resolves, these neuromotor
signs in carly infancy may be predictive markers for later
mantfestations of central nervous system disorganization.

Differences in the motor development of premature
mfants  throughout the preschool  years have  been
reported. Burns and Bullock found premature children at

5 years of age 10 be significantly different from their full-
term peers in lerms of tremulous involuntary hand move.
ments, less competent gross motor abifity, and difficultjes
in postural contrel and balance (76). Crowe and ass0c¢i-
ates deseribed ELBW infants as a group 1o have signifi-
cantly inferior skills in all motor functions at 4 vears of
age (77). Symptomatic intracranial hemorrhage was asso-
crated with poorer motor performance.

Neurobehavioral Developnent

As LBW, premature survivors are assessed more criti-
cally and at older ages, a variety of potential behavioral
dysfunctions throughout infancy and childhood become
evident. Numerous studies have compared the neonatal
neurobehavioral performance of LBW infants to that of
FBW infants. These studies typically compare premature
infants at their corrected age and also tend to use prema-
ture infants with relatively uncomplicated neonatal
courses. Nevertheless, despite these sampling features
that might obscure group differences, premature infants
consistently perform less optimally than healthy, fuli-
term infants on these early measures.

Ferrari and colleagues compared tow-risk premature
infants to healthy, full-term infants using the Brazelton
Neonatal Behavioral Assessment Scale (78). They found
the premature infants to be significantly inferior in sensory
orientation, regulation of behavioral state (i.c., quiet—active
status}, and autonomic regulation. Additionally, the clus-
tering of neurobehavioral items was more heterogeneous
among premature infants. The authors concluded that pre-
maturity itself is associated with a behavioral repertoire
that is different, more vanable, and on the average less
competent than that of full-term infants (78). Friedman and
colleagues, also comparing low-risk premature infants and
healthy, full-term infants, found that the premature infants
fussed and cried more, were less soothable, and tended to
change behavioral state more frequently (79). They sug-
gested that these nconatal neurobehavioral differences are
potential contributors to suboptimal interaction between
premature infants and their caregivers. Aylward and col-
leagues, in a report from the National Institutes of Health
(NIH) Collaborative Study on Antenatal Steroid Therapy,
reported significant effects of both gestational age and
severity of perinatal-nconatal illness on the neurobehav-
ioral responses of premature infants {80). Specifically, at
40 weeks of corrected age, premature infants born at
younger gestational ages and with greater medical comphi-
cations demonstrated altered hehavior in terms of dimin-
ished spontancous activity and vigor, inability to maintain
and modulate responses, and poorer visual orientation
capabilitics.

A number of studies using a wide varicty of electro-
physiologic techniques have supported the results of
these chnical behavioral investigations, Compared 1o
full-term mtants, premature infants have been shown to
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ave delayed maturation of both cortical and brainstem
widitory evoked potentials, more vaniable and labile
whavioral state organization as measured by time-lapse
ideosomnography, and decredsed resting heart rate vari-
hility and vagal tone (i.e., an'indirect measure of overall
alonomic nervous system activity) (81-84). Scveral of
hese functions, particularly state organization and auto-
womic regulation, have been related positively to longer-
crm developmental outcome (85,86).

Several studies have explored the related behavioral
weas of temperameat, social interaction and competence,
ind emotional expression and affect. Most of these studies
save examined mother—infant interactions, and there is an
werall consensus of findings that indicates an umbalance
n LBW, premature dyads compared to FBW, full-term
ivads, with LBW infants typically less responsive and low
n communicative signaling behavior, and their mothers
-umpensating for this relative inactivity by displaying high
evels of stimulating and engaging activity. Investigations
+ LBW infants with complicated pernatal-neonatal
‘uurses have indicated that these infants exhibit high tevels
f gaze aversion, avoidance of interaction, and low levels
f vocalizing and playing (87-89). Field has reported these
nteractional differences in depth and succinctly summa-
1zes the problem: “High risk infants and their parents
have less fun’ than normal infants and their parents during
heir early interactions together” (90). In a study compar-
ng premature-mother dyads with full-term-mother dyads
u approximately 4 months of corrected age, Field found
‘he premature infants to be less alert and attentive, less
csponsive, less interested in game playing, less confin-
zent, less smiling and content, and more affectively nega-
‘ive and irritable than the matched full-term infants. Cor-
-espondingly, the mothers of prematures exhibited fewer
nappy expressions than the mothers of full-terms but were
more vocal as they attempted to elicit social and commu-
ricative responses from their infants.

Crnic and associates (91) and Malatesta and colleagues
92y have replicated and extended these observations
‘hroughout the entire first year of life; LBWFBW differ-
snces in expressive behavior and affect were persistent and
sontinued to affect maternal behavior. Malatesta and col-
lvagues emphasized that in their primarily middle to upper-
middle social class sample, these differences were seen
even in the absence of confounding neonatal medical com-
plications. They speculate that the observed LBWFBW
differences probably are even more pronounced with less
wdvantaged, more stressed, or sicker premature infants, Of
ang-term importance and concern is the mcreasing cvi-
dence of continuity between early interactional distur-
sinees and later behavioral dysfunctions.

School Function

Finally, as increasing numbers of studies have foliowed
FBW, premature infants into the school years, the full

spectrum of these chibdren’s learning and behavioral per-
formance is emerging and becoming clearer. Although
prevalence estimates of school problems vary between
reports, almost all investigators agree that LBW survivors
have & distinctly increased risk for school dysfunction in
some form (23). The most recent reports have focused on
school-age ELBW children and consistently describe the
most probiematic school function of all. Again, these new
survivers, although relatively small in overall number, are
disproportionately represented in regard to academnic and
social failure. There also is general agreement that
although this substantial risk exists independently of
socioeconomic status, the combination and interaction of
biologic and environmental risks produces an especially
worrisome doubly vulnerable milieu and a highly appro-
priate target population for early developmental interven-
tion efforts because of the documented importance of
psychosocial variables in the ultimate prognosis for LBW,
premature infants (93).

Punn and colleagues, in one of the most extenstve lon-
gitudinal follow-up studies published, reported minimal
cerebral dysfunction (i.e,, minor developmental and
behavioral abnormalities) to be the single most prevalent
(20%) disabling syndrome at school age in a population
of over 300 LBW, premature children (94). Furthermore,
the authors stress the difficulty in adequately predicting
or identifying such dysfunctions before school entry at
the age of 5 years (94). This important group of sequelae
consequently is liable to be missed when the outcome of
NICU graduates is assessed before that age. Figure 594
illustrates this diagnostic evolution and increase in devel-
opmental-behavioral problems over time. As in other
studies, this study found a disproportionate number of
boys compared to girls who experienced school dysfunc-
tion and required remedial assistance. This investigation
was continued into adolescence {95). Although several of
the LBW children with earlier problems no longer were
demonstrating all of them, an almost equal number of
previously unrecognized children had manifested acade-
mic and social problems, thus resulting in a relatively sta-
ble number of such problems over time. Additionally,
whereas behaviors such as overactivity, temper tantrums,
and perseveration had greatly subsided, symptoms of
neuropsychiatric  disturbance, including distractibility,
irritability, unhappiness, low frustration telerance, fears,
disobedience, poor motivation, and sleep difficulties, per-
sisted or increased.

Other studies have confirmed these observations in
VLBW children at 8 to 15 years of age and have docu-
mented, in such arcas as verbal expression, academic
achievement, social competence, and emotional maturity,
continued problems that cannot be attributed primanly to
social class or differences in the quality of parenting
(96,97). Nickel and colleagues evaluated the school per-
formance at a mean age of 10 years of 25 ELBW children
who were cared for at a time (1960--1972) when only very
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premature infants who had iittle or no neonatal illness
survived (98). Despite an overall mean [Q of 90 (range 50
10 141), 16 (64%) of these children had been or currently
were in special educational programs. Only seven (28%)
were rated by their teachers to be achieving at or above
grade level. Arithmetic reasoning, mathematics achieve-
ment, reading comprehension, balance, fine motor coor-
dination, and perceptual function were specific and com-
mon weaknesses for these children.

Klein and associates compared 65 9-year-old children
born in Cleveland, Ohio, in 1976, who were VLBW and
who were free of neurologic impairment, to 65 FBW chil-
dren who had been matched for age, gender, race, and
social class on measures of [Q, visual-motor and fine
motor abilities, and academic achievement (99). The fol-
lowing were the major findings:

» The VLBW children scored significantly lower than the
FBW children on tests that measure general intelli-
gence, even though both group means were within the
average range.

» The VLBW children scored significantly lower than the
FBW children on tests that measure academic achieve-
menf.

» The VLBW children had particular deficits in mathe-
matics achievement.

« The VLBW chitdren had particular deficits on tests that
involve visual or spatial skills.

» These results were independent of social class.

In a similarly controlled and longitudinat New York
City study. Ross and colfcagues showed that a much
higher proportion of 8-ycar-old VI.BW children required
special educational interventions (48%) than cither FBW
children (13%) or the New York State public elementary
school poputation (10%) (100). Very-fow-birth-weight
children scored significantly lower than FBW children on
tests of 10, verbul ability, academic achievement, and

FIG. 594, Evolution of developmental dysfunction
in low-birth-weighi, premature children. (Adapted
from ref. 94, with permission.}

auditory memory. There was an interaction of prematurity
and social class on 1Q, verbat tests, academic achieve-
ment, and attention, with premature children of lower
soctoeconomic status scoring lowest on these measures.

A number of more recent reports emphasize the school
problems of ELBW children. From an analysis by birth
weight subgroups, Klebanov and colleagues indicated
that as birth weight decreases, the prevalence of grade
failure, placement in special ciasses, and classification as
impaired increases, even when maternal education and
neonatal length of stay are controlled for (101). The
ELBW children scored lower than all other birth-weight
groups on math and reading achicvement tests. Even
among children with IQ scores above 85, ELBW children
still obtained fower math scores than the other children.
Even with optimal socioeconomic environments, approx-
imately one of every two ELBW children requires special
educational services (102). In a Scottish population-
based sample of 8-year-old children, ELBW children
placed heavy demands on regular schools, with 52%
requiring learning support compared with 16% of FBW
comparison children ([03). Hack and colleagues have
delineated school-age outcomes in ELBW children with
birth weights under 750 g (Fig. 59-5) (56). Compared
with VLBW children weighing 750 to 1,499 g at birth
and also to FBW children, these markedly ELBW chil-
dren were inferior in cognitive ability, psychomotor
skills, and academic achievement. They had poorer social
skills and adaptive bchavior and more behavioral and
attention problems. In all assessed arcas, the functioning
of VLBW children was intermediate between that of
CLBW and FBW children.

Although data on the prevalence of behavior problems
in older LBW children are somewhat sparse, it s likely
that the prevalence is substantially higher than in FBW
children. For example, Escalona found that 30% of a P.“‘
marily disadvantaged premature sample exhibited major
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behavior problems before the age of 4 vears (104). The
most comprehensive investigation of long-term behav-
ioral function in this population comes from the same
Cleveland, Ohio cohort described in terms of academic
achievement (99). Breslay and colleagues compared 65
9-year-old VLBW children to 65 FBW children, matched
for age, pender, race, social class, and school, on parents’
ratings on the Child Behavior Checklist and teachers’ rat-
ings on the Teacher’s Report Form (105). Results from
parents and teachers converged on key findings. The
major findings were the following:

The VLBW boys manifested significantly more behav-
ioral disturbance and poorer social competence than
FBW bays.

The excess in behavior problems in VLBW boys spanned
over a wide range of behavioral domains, including
both internalizing (e.g., depressive-anxious) and exter-
nalizing (e.g., hyperactive, aggressive, conduct prob-
lems) syndromes,

The effect of VLBW on behavior problems and social
adjustment in boys was not a function of Q.

These results were independent of social class.

Although VLBW girls did not differ significantly from
FBW girls, suggestive trends in the same direction as the
boys may indicate that there is an increased risk for
behavior problems in both genders but that these seque-
lae become evident at an earlier age in boys than in girls.

As in other neurodevelopmental and neurobehavioral
domains, Klebanov and colleagues found that ELBW chil-
dren had lower attention, language skills, overall social
competence, scholastic competence, and athletjc ability
than all other birth-weight groups (very tow, fow, and nor-
mal) as measured by classroom teachers, cven when
neonatal fength of stay, childs gender and cthnricity, and
maternal education were controlled Tor {106). The class-
room behavior of ELBW children was rated by teachers as
poor, even for children who had not failed a grade.

FIG. 59-5. Percentage of children in each
study group with subnormal functioning.
{From ref. 56, with permission.}

Adaptive
Function

SPECIFIC PERINATAL-NEONATAL
COMPLICATIONS IN HIGH-RISK INFANTS

Intrauterine Growth Retardation

The SGA infant has a higher mortality rate, a higher
incidence of perinatal-neonatal complications, and a
higher prevalence of chronic neurologic impairments
than the appropriate-for-gestational-age (AGA) infant of
similar gestational age (107). The diagnosis of SGA is
useful in identifying a high-risk population needing care-
ful follow-up; however, the population of SGA infants is
a heterogeneous one with multiple etiologies. Intrauterine
growth pattern, associated congenital anomalies, mortal-
ity rate, risk of perinatal-neonatal complications, and
long-term outcome reflect not only the nature of the
insult but the timing as well. Drillien and colleagues have
stressed the need to differentiate early-pregnancy-onset
SGA infants, many of whom demonstrate intrinsic
defects such as congenital anomalies, from late-preg-
nancy-onset SGA infants, who may have antenatal histo-
ries of placental insufficiency or maternal chronic illness
(74). Long-term developmental prognosis, in terms of
major and minor impairments and school function, is sig-
nificantly worse for early-pregnancy-onset SGA infants.

Most SGA outcome studies also distinguish between
full-term and premature SGA infants because of marked
differences in mortality and morbidity rates, both of which
are significantly higher for premature SGA infants. For
both groups of SGA infants, great variabtlity among out-
come studies is the norm, again reflecting the inevitable
heterogeneity of the SGA diagnosis. Many studies report
few major neurologic disabilities in full-term SGA infants
followed from birth, In 96 full-term SGA infants followed
to the age of 5 vears, Fitzhardinge and Stevens reported
only a 1% prevalence of cercbral patsy and a 6% preva-
lence of seizures (108). In a cercbral-palsicd population in
Sweden, full-term SGA infants had a somewhat higher
risk for cerebral palsy than full-term AGA infants but il
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much lower risk than premature AGA and premature SGA
mfants (37). Most full-term SGA infants are of average
intelligence, whether tested during the preschool or school
years, ¢ven though the mean 1Q of the SGA population
usually has been somewhiat lower than that of control
groups (109). Fitzhardingé -and Stevens, however, found
that, despite average intelligence, 50% of the SGA boys
and 30% of the SGA girls were doing poorly in school.
One-third of the SGA children with 1Qs abave 100 were
failing consistently at school. A histery of perinatal
asphyxia was an important contributing risk factor. Other
studies provide good evidence of an increased prevalence
of speech and language problems, minor neurologic find-
ings, and attention deficits in this subgroup (110).

Relatively few studies evaluate the outcome of prema-
ture SGA infants, and the results are contradictory. The
prevalence of reported impairments varies from nearly
50% to as low as 10%. Commey and Fitzhardinge found
that 15% of premature SGA infants had cerebral palsy at
the age of 2 years, twice the prevalence encountered in
premature AGA infants (1i1). In the Swedish cerebral
palsy study, premature SGA infants had the highest risk
for cerebral palsy, 15 times greater than full-term AGA
infants and significantly more than full-term SGA and
premature AGA infants (37). Commey and Fitzhardinge
found a high prevalence of subnormal intelligence in pre-
mature SGA infants tested at the age of 2 years. Drillien
reported that, in all birth-weight subgroups, fewer prema-
ture SGA infants were average cognitively, and more had
borderline intelligence or mental retardation, especially
those born to parents of low socioeconomic status (112).

There is little specific information about school func-
tion in this subgroup, but premature SGA infants cer-
tainly must be presumed to be at substantial risk in this
area as well. A recent report compared the cognitive and
neurologic outcomes of 129 premature SGA infants with
300 premature AGA infants through 6 years of age (113).
The SGA infants had significantly poorer cognitive
scores at each assessment age than AGA infants of simi-
lar gestational ages. Normal neurologic status was more
likely at all assessments for the AGA than for SGA
infants of comparable gestational age. Nevertheless, there
was a significant effect of SGA on cognitive outcome at
school age independent of neurologic status.

Asphyxia

Hypoxic-tschemic brain injury is the single most impor-
tant neurologic problem occurring in the perinatal period
(114). This varicty of brain injury accounts for many,
although not the majority, of the severe, NONProgressive
neurologic deficils seen in children. This is particularly the
case for full-term infants but also is of cliologic signifi-
cance for premature infants. The neurodevelopmental
deficits of concern are principalty the triad of cerebral
palsy, memtal retardation, and epilepsy, often occurring

together in varying degrees. in addition, more subtle devel.
opmental and behavioral dysfunctions in the arcas of fan-
guage, fine motor coordination. socicemotional compe.
tence, attention. and school learning are incrcasiug!y
recognized in the relatively few studics designed to inves.
tigate these long-term sequelac. The common denominator
of this form of brain injury is deprivation of the supply of
oxygen to the central nervous system. The developing
brain can be deprived of oxygen by two major pathogenetic
mechantsms—hypoxemia {i.c.. diminished amount of oxy-
gen in the blood supply) or ischemia (i.c., diminished
amount of blood perfusing the tissue). These two overlap-
ping mechanisms typically coexist chinically, are virtually
impossible to isolate and delincate precisely in the individ-
ual infant, and together constitute the basis of the syn-
drome of asphyxia (115).

As noted by Paneth and Stark, the fundamental prob-
lem in assessing the exact relationship between asphyxia
and subsequent neurodevelopmental outcome has been
the difficulty in assessing the degree of asphyxia (116).
Various techniques have been used to identify the asphyx-
lated infant, including the time to initiate spontaneouys
respiration (<! minute), the time that positive-pressure
ventilation was required to sustain the infant {<1 minute),
and the use of the neonatal scoring system developed by
Virginia Apgar (117). This scoring system originally was
created to identify infants who were physiologically
depressed at birth and who required resuscitative efforts.
It has been shown to have limited utility in premature
infants (118). Although Apgar did not design the scoring
systemn to be used as a tool to predict long-term neuro-
logic status, it has been used by many for correlation with
ultimate outcome because of the paucity of alternative
asphyxial markers. Fetal scalp blood and umbilical cord
blood sampling for pH and other acid—base parameters
have been recommended as potentially providing more
objective perinatal data.

Although the Apgar scoring system is not perfect, it con-
tinues to be the standard by which almost all neonates are
evaluated immediately after birth, and, as such, was the
perinatal measure used in the NIH National Collaborative
Perinatal Project between 1959 and 1966, This multisite
prospective study of more than 50,000 pregnant woman
and their children remains the largest single resource for
investigating the associations between perinatal asphyxia
and neurodevelopmental outcome, particularly cercbral
palsy. Several main conclusions emerge (119):

Cerebral palsy does not develop in most (95%) asphyx-
iated full-term infants with an Apgar score <3 at 5
minules.

As the duration of severe asphyxia increases from 5 to 20
minutes, the likelihood of neonatal death or permanent
cerebral palsy also increases in parallel fashion; approx-
imately 60% cerebral palsy prevalence exists in full-
term survivors with Apgar scores of <3 at 20 minutes.
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~more premature the infant, the greater the incidence
re., approximately 30% at 28 weeks of gestational
ize), severity, and mortality associated with perinatal
~phyxia.

U infants in whom cerebral palsy develops were not
isphyxiated at birth. i

\ithough perinatal asphyxia certainly is an important
tse of severe psychomotor retardation, especially dur-

the intrapartum period, its relative contribution to
se adverse outcomes has, in the past, frequently been
rstated. It 1s estimated that between 10% and 20% of
cases of cerebral palsy are attributable to intrapartum
yxia. Many of these cases are complicated by mental
irdation of variable severity. Freeman and Nelson cor-
ly emphasize the four necessary criteria to link
sally intrapartum asphyxia and neurodevelopmental
Ability in full-term infants (120);

[ntrapartum abnormalities {e.g., nonreassuring fetal
heart rate patterns, passage of meconium, hemor-
rhage)

Depression at birth (e.g., low Apgar scores, need for
resuscitation)

Neonatal hypoxicischemic  encephalopathy (e.g.,
seizures in the first 48 hours, hypotonia and lethargy,
metabolic acidosis, apnea)

Anticipated outcomes (e.g., cerebral palsy with asso-
ciated deficits, not severe mental retardation or
epilepsy by themselves).

Outcome studies in full-term infants have identified
> neonatal factors most predictive of neurodevelopmen-

disability after an episode of intrapartum asphyxia.
¢ key predictors mclude failure to establish sponta-
nus respiration by 5 minutes, onset of seizures within
- first 12 hours and refractory to treatment, prolonged
op encephalopathy (i.e., Sarnat stage 3) (121), failure
the electroencephalogram to normalize by 5 to 7 days,
J inability to establish adequate oral feedings by |
-ck of age (122). Fitzhardinge and colleagues described
: predictive utility of the computed tomography scan
tween 1 and 2 weeks after birth (123). The most omi-
ws findings were diffuse hypodensities throughout both
- white and gray matter and extenstve intraparenchymal

intraventricular hemorrhage. Byrne and associates
ported that 8 months of age appears to be the earliest
ne at which magnetic resonance imaging findings (e.g.,
layed myehnation, acquired structural abnormalities)
rrelate well with later adverse neurodevelopmental out-
‘me in this populatip (124). Finally, Robertson and col-
iwues compared 145 asphyxiated full-term children
a0 had experienced nconatal encephalopathy with a
nilar number of nonasphyxiated peer children at 8
ars of age (1235}, The prevalence of major impairment,
tich included  cerebral palsy, mental retardation,
1lepsy, cortical blindness, and severe hearing loss, was
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16%. Intellectual, visuaimotor integration, and receptive
vocabulary scores, as well as reading, spelfting, and arith-
metic grade levels for those children with moderate or
severe encephalopathy were signilicantly below those in
the mild encephalopathy or peer comparison groups.
Thus, children who survive moderate or severe neconatal
asphyxial encephalopathy are at increased risk for both
major neurosensory impairment and reduced school per-
formance.
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