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Late Preterm Infants: Near Term But Still in a Critical
Developmental Time Period

abstract
Late preterm (LP) infants are defined as those born at 34-0/7 to 36-6/7
weeks’ gestational age. LP infants were previously referred to as near
term infants. The change in terminology resulted from the under-
standing that these infants are not fully mature and that the last 6
weeks of gestation represent a critical period of growth and devel-
opment of the fetal brain and lungs, and of other systems. There is
accumulating evidence of higher risks for health complications in
these infants, including serious morbidity and a threefold higher in-
fant mortality rate compared with term infants. This information is of
critical importance because of its scientific merits and practical
implications. However, it warrants a critical and balanced review,
given the apparent overall uncomplicated outcome for the majority
of LP infants.

Others reviewed the characteristics of LP infants that predispose them
to a higher risk of morbidity at the neonatal period. This review focuses
on the long-term neurodevelopmental and respiratory outcomes, with
the main aim to suggest putative prenatal, neonatal, developmental,
and environmental causes for these increased morbidities. It demon-
strates parallelism in the trajectories of pulmonary and neurologic de-
velopment and evolution as a model for fetal and neonatal maturation.
These may suggest the critical developmental time period as the com-
mon pathway that leads to the outcomes. Disruption in this pathway
with potential long-term consequences in both systems may occur if
the intrauterine milieu is disturbed. Finally, the review addresses the
practical implications on perinatal and neonatal care during infancy
and childhood. Pediatrics 2013;132:741–751
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INTRODUCTION

Late preterm (LP) infants are defined as
those born at 34-0/7 to 36-6/7 weeks
gestational age (GA).1 LP infants are
born near term, but are immature.2,3

The late premature birth interrupts
normal in utero fetal development dur-
ing the last 6 weeks of gestation that
represents a critical period of growth
and development of the fetal brain and
lungs. Kinney defined a critical period as
a time-sensitive, irreversible decision
point in the development of a neural
structure or system in which depriva-
tion of the normal environment inter-
rupts the maturational trajectory of the
structure/system.4 We find this defini-
tion attractive and applicable also to the
respiratory system and likely to other
systems as well. This review will focus
on the neurodevelopmental and the re-
spiratory systems as models for fetal
and neonatal maturation.

LATE PREMATURITY: SCOPE OF
THE PHENOMENON, MORTALITY,
AND NEONATAL MORBIDITY

LP newborns comprise the fastest
growing subset of neonates, accounting
for∼74% of all preterm births and∼8%
to 9% of total births in the United
States.5 There is accumulating evidence
for higher risks for early and late health
complications in LP infants, including
a threefold higher infant mortality rate
compared with term infants (7.7 vs 2.5
per 1000 live births).2,3,5–10

A US multistate study showed that
infants born at 32 to 36weeks’ gestation
had more than a twofold risk for having
congenital malformations than their
term counterparts.11 It was reported
that during infancy LP infants were ∼4
times more likely than term infants to
die of congenital malformations (lead-
ing cause).8 Congenital malformation
can lead to either spontaneous or
physician-induced preterm delivery.
Preterm delivery can increase the risk

for death among infants who have
anomalies. However, when Kramer et al
excluded infants with congenital anom-
alies from their cohort, the relative risk
for death in LP infants decreased only
slightly and was still significantly higher
compared with term infants.6

Intrauterine growth retardation (IUGR)
isoften thecause forLPbirthand is thus
more common among LP infants com-
pared with term infants,12–14 and in
itself constitutes a prenatal cause for
increased risk for death, which was not
considered by all the population-based
studies. It was shown that being small
for gestational age (SGA) substantially
increases the already higher mortality
of LP and early term newborns and that
this increased risk cannot be fully
explained by an increased prevalence
of lethal congenital conditions among
SGA LP newborns.15 Nevertheless,
even when excluding congenital mal-
formations and being SGA, the relative
risk for death is higher among LP
infants.15

Maternal prenatal and immediate post-
natal complications are associated with
increased neonatal morbidities. Cho-
rioamnionitis, premature rupture of
membranes, maternal morbidities (hy-
pertension, preeclampsia, diabetes),
and maternal smoking are more com-
mon in LP infants.16–19 Newborn bacte-
rial sepsis, complications of placenta,
cord, and membranes,8 antepartum
hemorrhage, and hypertensive dis-
orders were also associated with the
increased mortality of LP infants.20 In
addition, compared with infants de-
livered via planned vaginal delivery, LP
infants delivered via elective cesarean
delivery had significantly higher rates of
mortality, risk for special care admis-
sion, and respiratory morbidity.21 The
precise mechanisms that render LP
infants more vulnerable to death likely
vary with circumstances and are hard
to deduce from existing epidemiologic
studies.

Despite the low absolute risk for death
and other complications in LP infants,
factoring in their large numbers com-
pared with more extreme preterm
infants, the relative risk translates into
significant medical, emotional, and
economic impact at the population
level.12,22

Most LP infants (∼80%) will have a
neonatal course with no significant
complications.23 However, compared
with term neonates, LP newborns are
at increased risk for the following: re-
suscitation at birth,16 feeding difficulty,
jaundice, hypoglycemia, temperature
instability, apnea, and respiratory dis-
tress.2,3,6,12,16,24,25 These morbidities
variably result in workup for sepsis
evaluations and antibiotic therapy, in-
travenous fluid administration, venti-
latory support, and increased length of
stay (∼30%).2,12,25 Predisposing factors
to these morbidities were reviewed by
Engle et al.2 LP infants were also found
to have increased rehospitalization
rate2,6,7,24,26 and more use of medical
resources during their first year of life,
such as respiratory syncitial virus
(RSV) prophylaxis.27

Therateofcomplicationsdecreaseswith
progression of gestational age through
the LP period.6 Shapiro-Mendoza et al
compellingly demonstrated the rela-
tionship between advancing age and
morbidity, reporting a sevenfold in-
crease (22.2% vs 3.0%) in neonatal
morbidities in LP infants comparedwith
term infants.23 Respiratory complica-
tions are the prime morbidities of LP
infants.10,12,16,24,25 A large retrospective
study found that the odds of respiratory
distress syndrome decreased signifi-
cantly with each advancing week of
gestation up to 38weeks comparedwith
39 to 40weeks.28 Despite a relatively low
absolute risk for RDS (10.5%) or tran-
sient tachypnea of the newborn (TTN)
(6.4%) at 34 weeks comparedwithmore
premature infants, this rate poses an
increased risk for LP infants when
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compared with term infants (0.3% for
RDS and TTN).29

LONG-TERM MORBIDITY OF LP
INFANTS

Neurodevelopmental Long-Term
Outcome

Neurodevelopmental Outcome: Clinical
Evidence

LP infants are often perceived to have
similar risks for developmental prob-
lemsasneonatesbornat term.Because
therateof intraventricularhemorrhage
is low (0.2% to 1.4%),10,29,30 albeit higher
than in term infants10 and their rate of
periventricular leukomalacia (PVL) is
low although practically unknown,4,31

they do not undergo routine brain ul-
trasonography. Furthermore, the com-
mon practice is not to follow them in
neurodevelopmental centers.

Recently, however, there is growing
concern that these infants are more
vulnerable to brain injury than pre-
viously appreciated. PVL is not re-
stricted to the very prematurely born
infant, and occurs in the LP (and term)
infants as well.32–35 Some studies
reported a threefold increased risk for
developing cerebral palsy in LP infants
compared with term infants.10,36

There is mounting evidence that LP
infants have more subtle neurode-
velopmental issues such as inferior

academic performance or behavioral
problems.37–45 McGowan et al reviewed
the literature relating to early child-
hood development of LP infants born at
34 to 36 weeks’ gestation at 1 to 7 years
of age.45 Of 4581 studies, 10 (3 pro-
spective and 7 retrospective cohorts)
were included. They concluded that LP
infants compared with term infants
were at increased risk for adverse de-
velopmental outcomes and academic
difficulties up to 7 years of age, but
that a systematic measurement of
early childhood outcomes was lack-
ing. We tabulated the results of the
recent literature (Table 1) supporting
higher risk for decreased develop-
mental and school performance and
academic abilities of LP infants.37–44

Notably, the results of other studies
were less conclusive.46,47

The available data are weighted toward
a concern regarding the long-term
neurodevelopmental outcome of LP
infants. Given, however, that the data
rely mostly on retrospective studies,
and that not all studies focused on
healthy LP infants, a need for pro-
spective large studies is obvious.

Mechanisms of Neurologic Effects of
LP Birth

A number of possibilities could be pos-
tulated as playing a role in the causa-
tion of long-term neurodevelopmental

abnormalities in LP infants and include:
(1) prematurity itself leading to matu-
ration outside the uterine milieu, (2) the
morbidity associatedwith LP, and (3) the
primary cause of premature labor.

The last half of gestation (including the
late prematurity period) was described
as a “critical period” for brain de-
velopment and characterized by rapid
and/or dramatic changes in 1 or more
molecular, neurochemical, and/or struc-
tural parameters (Fig 1).4,48,49 The no-
tion of “hierarchy of vulnerability”
provides the proper perspective, and
denotes that although LP infants are
more mature than very preterm infants,
their brain is still immature, and can be
damaged under some adverse con-
ditions.4 Brain development is not a
linear process, and the critical de-
velopmental changes that occur in the
brain in the last weeks of gestation can
easily be underappreciated. To what
extent the extrauterine milieu affects
the process is not well studied. Brain
weight at 34 weeks is only 65% of that of
the term brain and gyral and sulcal
formation is incomplete. Cortical vol-
ume increases by 50% between 34 and
40 weeks’ gestation, and 25% of cere-
bellar development occurs during this
time period (Fig 1).4,48–50 Therefore, in
the LP infant, the period between 34 and
40 weeks’ gestation is critical, because
the relative percentage of both gray

TABLE 1 Long-Term Neurodevelopmental Outcome

Reference Study Design Participants Main Outcomes

Chyi et al37 Retrospective 767 LP/13 671 term Increased risk for below-average reading competence at all grade levels, increased
need for individualized education programs at early school ages, and increased
need of special education

Gray et al38 Prospective 260 LP /General population Increased rate of behavior problems at age 8 yr
Huddy et al39 Retrospective 83 LP Increased rate of hyperactivity, behavioral, or emotional problems
Woythaler et al40 Prospective 1200 LP/6300 term Increased risk for mental or physical developmental delay at age 24 mo
Morse et al41 Retrospective 7152 LP/152 661 term Increased risk for developmental delay or school-related problems through age 5 yr
Lipkind et al42 Retrospective 13 207 LP/199 599 term Increased need for special education and lower adjusted math and English scores at

school age. Linear association between GA and test scores through 39 wk gestation
Quigley et al43 Retrospective 537 LP/6159 term Increased risk for poorer educational achievement at age 5 yr
Talge et al44 Retrospective 168 LP/168 term Increased risk for behavioral problems and lower IQ at age 6 yr
Odd et al46 Prospective 741 (32–36 wk)/13 102 term Despite an increased risk for special educational needs, there was little evidence of

a reduction in IQ, memory, or attention measures at school age
Gurka et al47 Prospective 53 LP/1245 term No difference regarding cognition, achievement, behavior, and socioemotional

development throughout childhood
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matter and myelinated white matter to
total brain volume increases exponen-
tially.31,50 The LP infant is at risk for
white matter injury through multiple
potential mechanisms, including de-
velopmental vulnerability of the oligo-
dendrocyte, glutamate-induced injury,
cytokine- and free radical-mediated in-
jury, and the absence of maturation-
dependent antioxidant enzymes that
regulate oxidative stress.31 Synapto-
genesis and dendritic arborization are
occurring, and are likewise incomplete
in the LP brain compared with the term
brain, albeit not to the degree seen in
the very premature brain.51

Beyond the question of whether the
extrauterine environment would be an

inherently inhospitable milieu to nor-
mal development,multiple compounding
factors in the extrauterine environment
could be related to the developmental
immaturity of LP infants and amplify the
risk for brain injury and subsequent
neurologic sequelae. These include the
risk fordevelopment of intraventricular
hemorrhage and PVL, hypoxic respiratory
failure, hypoglycemia, hyperbilirubinemia,
infection, and chorioamnionitis. The LP
neonate has a two- to fivefold increased
risk for developing significant hyper-
bilirubinemia.31,52 When compared with
term newborns with similar bilirubin
levels, LP infants are more likely to have
severe neurologic sequelae and neuro-
toxicity at earlier postnatal ages. This

most likely is secondary to a combina-
tion of factors, including immaturity of
conjugation and enzymatic pathways,
immature feeding patterns, and the
age-dependent susceptibility of de-
veloping neurons and astrocytes to
bilirubin-induced injury. On the reas-
suring side, a recent prospective
study reported that there were no
significant differences in early child-
hood development (at 3 years of age)
between LP infants who received neo-
natal intensive or high-dependency care
and those who did not.53 This study did
not have a control group of term infants,
but as is, it may be pointing toward
factors other than short-term morbid-
ities as playing a role in the long-term
outcomes.

The primary cause of premature labor
might also impair neurodevelopmental
outcome. LP infants compared with
term infants have higher rates of con-
genital malformations,8,11 IUGR,12–14

high-risk pregnancies (preeclampsia,
hypertension, diabetes), chorioamnio-
nitis, and maternal smoking.16–19 Each
of these factors, although not specific
to LP infants, could potentially be as-
sociated with poor neurodevelopmen-
tal outcome or behavioral problems.
For example, SGA was associated with
poor outcome in extremely low birth
weight infants54 and in term infants,55

but the few studies that assessed the
correlation between SGA and poor
long-term neurodevelopmental out-
come were negative for LP infants.55,56

Although intuitively correct, larger,
prospective studies focusing on LP
infants are needed to assess whether
findings from very preterm or term
infants are generalizable to this sub-
group of infants.

To summarize, LP infants are at risk for
long-term neurodevelopmental mor-
bidities. The primary causes of late
prematurity andprenatal factors aswell
as congenital malformations and IUGR
may expose the LP infant to short- and

FIGURE 1
Changes in brain volume and maturation with increasing gestational age. (From Kapellou et al.49).
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long-term sequelae (Fig 2A). The late
prematurity itself puts the LP infant at
risk for neonatal morbidities, which
are usually of modest severity com-
pared with more extreme premature
infants, but may contribute to the in-
sult. The interruption of the in utero
maturational process of the brain,
which is in a critical period, is probably
the main reason for the long-term
neurodevelopmental outcomes.

Respiratory Long-Term Outcome

Respiratory Outcome: Clinical
Evidence

A number of publications attempted to
address the question whether late
prematurity affects the respiratory
system in the long term (Table 2).57–64

Several studies reported an associa-
tion of preterm birth (30–36 weeks’ GA)
without clinical lung disease with al-
tered lung development and function.59,
60,62–64 Friedrich et al64 in a longitudinal
study found that despite normal lung
volume, healthy preterm infants had
persistently reduced airflow through
the age of 16 months and concluded
that preterm birth in itself was
associated with altered lung develop-
ment. A single study showed a po-
tential improvement, especially for
large airway function, with advancing
age.61

Whether LP birth is associated with
airway disease such as asthma in early
childhood remains controversial. Abe
et al65 did not find an association be-
tween LP and physician-diagnosed
asthma. Similarly, a Swedish national
cohort study failed to find an associa-
tion between LP birth at 33 to 36 weeks’
gestation and asthma medications in
young adults.66 Conversely, Goyal et al67

in a retrospective cohort study using
electronic health record data from
a primary care network, demonstrated
that birth at late-prematurity might be
a risk factor for the development of
asthma within the first 18 months of

life. Escobar et al68 in a retrospective
cohort study reported that LP birth
was associated with an increased risk
for recurrent wheeze in the third year
of life. The different findings could re-
sult from the different methods of
asthma diagnosis, age groups at di-
agnosis, and from the difficulties in
diagnosing asthma in early childhood.
A recent large prospective cohort
study showed that the number of hos-
pitalizations caused by respiratory
problems during the first year of life
was doubled in moderately preterm
(32–36 weeks’ GA) compared with term
infants.69 At preschool age, moderately
preterm infants revealed more noc-
turnal cough or wheeze during or

without a cold and increased use of
inhaled steroids. At the age of 5 years,
rates of respiratory symptoms be-
tween moderate and early preterm-
born (,32 weeks’ GA) children were
similar; both were higher than in term-
born children. The most important risk
factors for continuing respiratory
problems in moderately preterm-born
children were eczema, respiratory
problems and passive smoking during
the first year of life, higher social class,
and a positive family history of asthma.

Some of the studies reporting on the
long-term outcomes of the respiratory
system included infants of less than 34
weeks’ GA. Recognizing that the risks
are decreasing with advancing age,

FIGURE 2
Parallelism in the trajectories of lung and neurodevelopment and evolution that may suggest the
“critical developmental time period” as the common pathway that leads to the outcomes. A, The
neurodevelopmental system. B, The respiratory system.
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caution needs to be exercised when
generalizing their findings to the entire
group of LP infants.

Mechanisms of Respiratory Effects of
LP Birth

Three factors play a role in the re-
spiratory vulnerability of LP infants57:
(1) prematurity with its inherent de-
velopmental and consequently physi-
ologic components, (2) heightened
rate of respiratory morbidity in the
neonatal period and prenatal factors,
and (3) increased susceptibility to
RSV.70–73

Lung development occurs mostly in
utero. LP infantsare bornwithin thefinal
stages of the saccular stage (26–36
weeks of gestation).74 Premature birth
during this critical respiratory matura-
tion period may result in significant al-
teration in lung function and physiology.
Normal in utero lung development
occurs according to a highly pro-
grammed sequence in a stable milieu,
notably and importantly, one that is
profoundly more hypoxic relative to the

atmosphere. This hypoxic environment
represents the norm for lung organo-
genesis, including vascular develop-
ment.74–77 Early events of trophoblast
differentiation are oxygen regulated.78 It
is safe to assume that there is an array
of other yet to be determined hormonal
and biochemical factors that play a role
in regulating the sensitive choreogra-
phy of lung development and differen-
tiation in utero and are altered or
absent after delivery.

To understand the mechanisms that
possibly explain the morbidity in LP
infants, it is necessary to understand
lung physiology at this stage of their
development.57 In early life, the lung-
chest wall equilibrium results in a
mechanically determined functional
residual capacity (FRC) that is low rel-
ative to older children and adults and is
an important determinant of age-
related vulnerability to hypoxia. Grad-
ual stiffening of the chest wall and with
it the transition from an actively main-
tained FRC to one that is mechanically
determined occurs in term infants late

in the first year and into the second
year of life.79–81 An additional crucial
mechanism that secures airway pa-
tency and thus adequate maintenance
of FRC is airway tethering.57,81,82 Teth-
ering is the element that couples lung
volume to airway patency, and thus as
lung volumes increase, airway di-
ameter, and hence expiratory flows,
are increased. Total lung volume
undergoes rapid changes during the
last trimester of gestation (at 34 weeks
it only reaches 47% of the final volume
atmaturity), the air-spacewalls decrease
in thickness, and a fourfold increase in
air-space surface area occurs (1–4m2).74

These volume changes have direct
mechanical implications in reducing
the vulnerability caused by a low and
unstable FRC. Maturation of the alve-
olar network improves parenchymal
elastance and therefore airway-tethering.
These immaturities add up to be ele-
ments in the vulnerability of late pre-
term infants to respiratory morbidity
in the short term and could contrib-
ute to the long-term outcomes if the

TABLE 2 Long-Term Respiratory Outcome

Reference Study Design Participants Main Outcomes

McEvoy et al59 Prospective 31 LP (33–36 wk)/31 term Healthy LP infants studied at term-corrected age have decreased
compliance and increased resistance

Todisco et al60 Case control,
matched siblings

34 LP (34–36 wk)/34 term Pulmonary functions at age ∼11 yr revealed air trapping but no
significant difference in bronchial responsiveness in healthy LP.
Maternal smoking during pregnancy was more prevalent in the
preterm children with impaired respiratory functions

Kotecha et al61 Prospective 81/49 infants: 33–34 wk, 248/132
infants: 35–36 wk, 6308/4284
infants: term, at 8–9 yr and
14–17 yr, respectively

At 8–9 yr of age, measures of forced expiratory spirometry are lower
in children born at 33–34 wk GA compared with children born at
term and are of similar magnitude to those in the extremely
preterm infants. Infants born at 35–36 wk GA had the same PFTs as
term infants. By 14–17 yr, measures of airway function in children
born at 33–34 wk GA were similar to those in children born at
term with the exception of forced expiratory flow rate between
25% and 75% of exhaled vital capacity

Hoo et al62 Prospective 24 infants 33.262.2 wk Preterm delivery is associated with altered airway development
during early infancy (reduced maximal expiratory flow at
functional residual capacity up to 12mo) inhealthypreterm infants

Mansell et al63 Case control 18 premature infants with RDS/26
premature infants without RDS/18 term

Although no difference in PFT between infants with and without RDS,
FEV1 and specific airway conductance were significantly reduced
in the premature infants compared with children born at term
when studied by spirometry at age 6–9 yr

Friedrich et al64 Prospective 26 infants (30–34 wk)/24 infants at term Healthy infants born prematurely demonstrate decreased forced
expiratory flows and normal forced vital capacities in the first and
second years of life

FEV1, forced expiratory volume at 1 s; PFT, pulmonary function tests.
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predestined evolution of the matura-
tional process is aborted or altered in
the extrauterine milieu.

The morbidities during the neonatal
period couldalsobeaffectedbyprenatal
factors. Epidemiologic studies demon-
strate that IUGRand lowbirthweight are
associated with impaired lung function
and increased respiratory morbidity
from infancy throughout childhood and
into adulthood.83 Operative delivery,
maternal diabetes, and chorioamnioni-
tis also increased RDS risk in LP
infants.84,85 Gestational hypertension or
preeclampsia appear to protect from
neonatal respiratory morbidity, but
higher rates of cesarean section di-
minish this protective effect,19 and oth-
ers reported an opposite effect.20,23

Chorioamnionitis, which is more com-
mon in LP infants,16–19 may have a com-
plex effect on the pulmonary system. A
low-grade inflammatory stimulus in
utero may prime the fetal lung for ac-
celerated maturation. Depending on the
severity of inflammatory injury to the
alveolar-capillary unit, however, serum
proteins leak into the airways and in-
duce surfactant inactivation. After this
intrauterine first hit, the immature in-
fant may develop a more severe RDS.86

Chorioamnionitis and cytokine expo-
sure in utero, added to neonatal lung
injury because of respiratory morbidity
can lead to a pulmonary inflammatory
response in the immature lungs of very
preterm infants, contributing to the
development of “new BPD”.87 It has yet
to be determined to what extent these
processes described in very preterm
infants affect LP infants. TTN is more
common in LP infants,27 is associated
with elective cesarean delivery,88,89 and
is associated with childhood wheezing90

and asthma.91,92 While possible, it is not
known if all these prenatal and neonatal
factors also affect the long-term re-
spiratory outcome of LP infants. The
possible mechanism is also obscure;
namely, it is unclear whether this is

a result of a direct injury or a multi-hit
phenomenon on the developing re-
spiratory system.

The third factor contributing to the
respiratory vulnerability of LP infants is
increasedsusceptibility toRSV infection
as a consequence of altered lung de-
velopment.70–72 This is thought to be
primarily related to the failure to de-
velop an adaptive cytotoxic T-lymphocyte
response and inefficient innate im-
mune responses that clear the virus
from the airways.73 Non-randomized
trials in preterm infants (∼30 6 2
weeks’ GA) suggested that the pre-
vention of lower respiratory tract
illness caused by RSV reduced sub-
sequent recurrent wheeze in infants
without a family history of atopy, but
showed no effect in infants with
a family history of atopy.93,94 In a re-
cent study in otherwise healthy 33 to
35 weeks’ GA preterm infants, pal-
ivizumab treatment resulted in a sig-
nificant reduction in wheezing days
during the first year of life, even after
the end of treatment. These findings
implicate RSV infection as an impor-
tant mechanism of recurrent wheeze
during the first year of life in such
infants.95

Long-termpersistence of early decrease
in PFTwas demonstrated by a longitudi-
nal follow-up into early adulthood for an
unselected random population in the
Tucson Children’s Respiratory Study.96

These observations suggest that the
notion of a “critical developmental pe-
riod” for the respiratory system does
exist. Deficits in lung function during
early life, especially if associated with
lower respiratory illnesses (especially
RSV), increase the risk for chronic ob-
structive pulmonary disease later in
adult life.97

To summarize (Fig 2B), prematurity with
its physiologic deficiencies may affect
and contribute to the susceptibility to
neonatal respiratory morbidity of LP
infants. Prenatal factors could also

affect the morbidity in the neonatal pe-
riod, and to a certain degree the long-
term respiratory outcome. Although
the development-dependent physiologic
factors largely resolve over time and
the overall morbidity is usually not very
significant, it is unclear how these con-
tribute to future outcome. However,
interrupting the critical developmental
period by LP delivery is probably the
main reason for the prematurity-
related persistent abnormalities in the
respiratory system. LP infants are more
vulnerable to viral respiratory infec-
tions, particularly RSV, which are more
severe in these infants versus term
infants. The pernicious combination of
RSV bronchiolitis affecting an a priori
compromised lung/airway of LP infants
may have a lasting effect on respiratory
function and consequent long-term
clinical morbidity.

PRACTICAL IMPLICATIONS

The American College of Obstetricians
and Gynecologists has recommended
that elective delivery should only take
place after 39 weeks in well-dated
pregnancies.98 When feasible, preven-
tion of late prematurity within safety
guidelines for the mother and the fetus
should be the goal. The implementation
of hospital quality improvement pro-
grams has successfully reduced the
occurrence of elective early-term and
late-preterm deliveries, as well as as-
sociated neonatal morbidity and mor-
tality.99

New approaches to decrease the re-
spiratory morbidity in LP infants are
needed. Antenatal corticosteroids were
shown to significantly reduce admis-
sions tospecialcareunits interminfants
delivered by elective cesarean sec-
tion.100 In LP infants, antenatal steroids
did not lower the rate of either RDS or
TTN and did not affect the need for, type,
and means of ventilatory support.101 An
NIH study (ClinicalTrials.gov Identifier:
NCT01222247) comparing a single course
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of antenatal steroids versus placebo is
ongoing.

Once a decision is made to deliver LP
infants theyshouldbemonitored for the
possible complications at an appro-
priate set-up. No study has determined
if this should be done in the nursery, in
the intermediate care, or in the NICU
according to specific GA groups.

From 1995 to 2000, early discharge (less
than 48 hours after vaginal delivery) of
LP infants had decreased from 71% to
40% in United States.102 The AAP pub-
lished detailed guidelines for the care of
LP infants.2 These guidelines suggest
that these infants should not be dis-
charged before 48 hours of birth.2 Early
discharge places these infants at
greater risk for complications such as
rehospitalization, particularly in breast-
fed or first-born infants.2,3,103 The AAP
recommends a follow-up visit 24 to 48
hours after hospital discharge for LP
infants, given their increased risk for
rehospitalization secondary to jaun-
dice, feeding difficulties, dehydration,
and sepsis.2 Mothers of LP infants were
found to be more likely to smoke, less
likely to place the infants in a supine

position for sleep, and less likely to
initiate as well as continue breast-
feeding. Given the increased risk for
morbidity and mortality in this pop-
ulation, greater attention needs to be
focused not only on their medical care
in the hospital but also on engaging
families in providing appropriate home
care after discharge.2,104

These infants should have closer follow-
up during infancy and early childhood
with focus on neurodevelopmental and
respiratory long-term morbidity.

RSV prophylaxis to this large group is
difficult to address with equanimity be-
cause of the potential staggering cost of
immunizing a relatively low-risk pop-
ulation. It needs, however, to be ac-
knowledged that RSV bronchiolitis can
be reduced, and that immunizing LP
infants can result in protecting sus-
ceptible lungs from extra insult.95

Clearly, immunizing all LP infants is un-
realistic because of cost considerations.
There have been attempts to define
specific risk factors and identify a sub-
set of LP infants at the highest risk to
vaccinate in different countries.27,105–107

A Canadian study concluded that a risk-

scoring tool they developed was a prac-
tical, easy-to-use instrument to guide
judicious RSV prophylaxis for moderate
to high-risk, 33- to 35-weeks’ GA in-
fants.108 To summarize, a policy of se-
lective RSV vaccination of LP infants that
is tailored to economic realities should
be developed.

SUMMARY

LP infants are born during a “critical
developmental time period” for the
brain and the lungs and evidence is
growing to show that late prematurity is
still a time-sensitive, irreversible “de-
cision point” in development. Although
these infants are at higher risk for
morbidity and mortality compared with
term infants, most of them are expected
to do well. Yet, the short- and long-term
neurodevelopmental and respiratory
consequences, other neonatal morbid-
ities, and the emotional and economic
burden associated with LP should have
practical implication on the approach to
and the care of LP infants.
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