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Abstract

Prematurity is defined as birth before 37 weeks of gestation
and is the major determinant of morbidity and mortality in
newborns. The gestational ages known as near term or late
preterm represent about 75% of preterm births and are the
fastest growing subgroups of premature infants. These infants
range in gestational age from 34 0/7 to 36 6/7 weeks and
are at greater risk of morbidity, such as respiratory complica-
tions, temperature instability, hypoglycemia, kernicterus, feed-
ing problems, neonatal intensive care unit admissions, and
adverse neurological sequelae when compared with term
infants. Longterm neurological and school-age outcomes of
late preterm infants are concerns of major public health

importance because even a minor increase in the rate of
neurological disability and scholastic failure in this group can
have a huge impact on the health care and educational
systems. There is an urgent need fo educate health care providers
and parents about the vulnerability of late preterm infants, who
are in need of diligent monitoring and care during the initial
hospital stay and a comprehensive follow-up plan for post neo-
natal and long-term evaluations. Clinicians involved in the day-to-
day care of late preterm infants, as well as those developing
guidelines and recommendations, would benefit from having a
clear understanding of the potential differences in risks faced by
these infants, compared with their more mature counterparts.
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Introduction

Prematurity, defined as birth before 37 weeks of
gestation, is a major determinant of morbidity and
mortality in newborn infants. As the modern era of
newborn intensive care evolves, neonatologists have
become increasingly focused on improving the care
and outcomes for ever smaller and more premature
neonates. However, in recent years, a subset of pre-
mature neonates born between 34 and 37 weeks
gestational age has become the subject of increasing
interest.' Because these infants represent more than
75% of the total number of preterm infants, their
deaths constitute a much larger “etiologic fraction” of
neonatal mortality than do those who are more prema-
ture. In the USA and Canada, these infants have
contributed substantially to overall infant and neonatal
mortality, although their mortality rate was signifi-

From the Department of Pediatrics, Division of Neonatology, New York
University School of Medicine, New York, NY.

Curr Probl Pediatr Adolesc Health Care 2010;40:218-233
1538-5442/% - see front matter

© 2010 Published by Mosby, Inc.
d0i:10.1016/j.cppeds.2010.07.005

218

cantly lower than that of newborns whose gestational
age was less than 33 weeks.” In the year 2004, the
infant mortality rate among late preterm infants was 3
times higher than among the term infants (7.3 vs 2.4
infant deaths per 1000 live births).> Others have
pointed out that short-term morbidity, as reflected by
increased hypoglycemia, jaundice, apnea, respiratory
distress, longer lengths of stay, and higher healthcare
costs, is also much greater for this cohort of infants.’
The question often arises immediately after birth as to
the appropriate level of care for infants in this age
category, with some receiving care in the neonatal
intensive care unit (NICU) and others being cared for
in the newborn nursery. The ability to monitor for
subtle feeding issues and hypoglycemia, nutritional
practices, and discharge feeding plans can vary be-
tween the NICU and the newborn nursery, even within
the same hospital.

Some experts have suggested that the traditional
designation of “near-term” for this group of infants be
replaced by the terminology “late preterm” to empha-
size that it is preferable for clinicians to approach these
babies as premature infants.* The unique physiological
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and developmental needs of these late preterm infants
are yet to be fully understood. Clinicians involved in
the day-to-day care of late preterm infants, as well as
those developing guidelines and recommendations,
would benefit from a clear understanding of the
potential differences in risks faced by these infants
when compared with their more mature counterparts.

Definitions

The American Academy of Pediatrics and the Amer-
ican College of Obstetricians and Gynecologists
(ACOQG) define a premature infant as one who is born
before the end of the 37th week of pregnancy, count-
ing from the first day of the last menstrual period.’
However, there is no consensus on the definition of
preterm neonates born between 34 and 37 weeks of
gestational age and these infants
are often referred to as “near-term
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FIG 1. Incidence of late preterm births: USA, 1996-2006. In
2006, there were 387,791 late preterm births, representing
9.1% of all live births. (Reprinted with permission from the
National Center for Health Statistics, final natality data. Re-

trieved from http://www.marchofdimes.com/peristats January
20, 2010.)

infants, born between 34 and 37

neonates.” A National Institute of
Child Health and Human Develop-
ment workshop in 2005 suggested
designating neonates born be-
tween 34 0/7 weeks and 36 6/7
weeks as “late preterm” neonates.*
This panel was of the opinion that

National Institute of Child
Hedalth and Human
Development workshop in
2005 suggested designating
neonates born between 34

weeks of gestation® (Fig 1).

Late preterm newborns are the
fastest growing subset of babies.'
The factors that have contributed
most significantly to the recent
increased incidence of late prema-
ture births include the increasing

by redefining this cohort of neo-

nZt es as “lagte » 0/ 7 weeks thr OUgh 36 6/ 7 proportion of women choosing to
preterm,” greater k. “l, ” X NRETARTSS

attention to the special needs of weeks as “late preterm have babies later in .hfe, in-

this group would be identified,®” neonates. creased demand for assisted repro-

resulting in more diligent evalua-
tion, monitoring, and follow-up by
healthcare providers. This defini-
tion of late preterm also conveys an impression that
this group of neonates is still premature, not almost
term, as the near-term definition may imply.

Epidemiology

Rates of prematurity have steadily increased over the
past decade.® There are multiple reasons for this,
including demographic transformations, changes in
infertility treatments, increasing mean age of child-
bearing mothers, and increasing incidence of multiple
gestation pregnancies.”'' In the year 2006, approxi-
mately 1 in 8 newborns in the USA were born prema-
turely, representing 542,893 births and 12.8% of all live
births.® However, 75% of these early births, or about
9% of total USA births in 2006, were late preterm
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ductive technology, and increased
incidence of multiple gestation
pregnancies.'”'* In addition, the
increased incidence may also be
partially attributable to the ever-increasing rates of
childbirth interventions, especially Caesarean sec-
tion."”

Maternal Age and Race as a Risk
Factor for Prematurity

Maternal age is a risk factor for preterm birth, with
higher preterm birth rates found among both younger
and older groups of mothers in USA. During the
period from 2004 to 2006, late preterm birth rates were
highest for women ages 40 and older (11.8%) fol-
lowed by women under the age of 20 years (10%)%'®
(Fig 2). Furthermore, a steady increase in pregnant
mothers in these 2 high risk age groups has been
noted. Of all infants born during the period of 2004-
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FIG 2. Late preferm birth by maternal age: USA, 2004-2006.
Maternal age is a risk factor for late preterm birth, with higher
premature birth rate found among the younger and older mothers
in the USA. (Reprinted with permission from the National Center
for Health Statistics, final natality data. Retrieved from http://
www.marchofdimes.com/peristats January 20, 2010.)

ART is linked to the increasing preterm rates overall
and to late preterm birth rates in particular.'*'®

Multiple Gestation and Late Preterm
Births

There has been an epidemic of multiple gestations
observed in the last 2 decades, primarily attributed to
2 concomitant modern trends: the older parturient
population because of delayed child-bearing age and a
rise in the use of infertility therapies. Multiple preg-
nancies present numerous, unique challenges in obstetri-
cal diagnosis and management. Of all the live births in
the USA in 2006, 3.4% were multiple births.® Multiple
births, when compared with singleton births, were
almost 5 times more likely to re-
sult in the birth of a late preterm
neonate® (Fig 3). Additionally, in

the USA the mean age at delivery
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38.8 weeks for singletons.'® Al-
though the offspring of a multiple
gestation may be born earlier than
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mothers when compared with His-
panic and non-Hispanic white moth-
ers. During the years 2004-2006 in

pregnancies, and increased
incidence of Caesarian births.

tality as singleton controls of the
same gestational age.?%%'
Most twins and many high-order

the USA, late preterm birth rates
were highest for Black infants
(11.5%), followed by Native Amer-
icans (10%), whites (8.6%), and Asians (7.9%).5"7

Artificial Reproductive Technology
(ART) and Preterm Births

Since 1996, there has been a 3-fold increase in USA
in the incidence of women successfully delivering a
viable baby following infertility treatment. ART is
associated with an increased likelihood of multiple
gestations. Indeed, 2002 national data revealed that
16% of all twins and 44% of infants born in triplets or
high-order multiples were conceived with assisted
conception.'* As multiple gestation pregnancies have
an increased risk of preterm birth, increasing use of
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multiples deliver in the late pre-
term period because of either
spontaneous preterm labor or iat-
rogenic interventions intended to treat maternal and
fetal medical complications. Expectant mothers of
multiples are almost 6 times more likely to be hospi-
talized for obstetrical complications, such as preterm
labor, premature rupture of membranes, intrauterine
growth restriction, placental abruption, and maternal
hypertensive disease.”> ACOG’s current practice
guidelines regarding multiples suggest that pregnancy
can be continued normally in the presence of normal
fetal growth and volumes, reassuring antenatal testing
and absence of maternal complications. Nonetheless,
many multiple births occur in the late preterm period,
either by spontaneous preterm births or by elective late
preterm delivery.”> Numerous strategies have been
employed to prevent spontaneous late premature births
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FIG 3. Late preterm by plurality: USA, 2006. Compared with singleton births in the USA in 2006, multiple births were almost 5
times as likely to be late preterm infants. (Reprinted with permission from the National Center for Health Statistics, final natality
data. Retrieved from http://www.marchofdimes.com/peristats January 20, 2010.)

in this cohort of the population, including prophylactic
cervical cerclage placement,”** prophylactic bed
rest,> prophylactic administration
of various tocolytic agents,®?’

prematurity. More than 7% of deliveries resulting
from preterm labor occurred between 34 and 37 weeks
gestation, resulting in a 12% in-
crease in births in this gestational

and home monitoring of uterine

age range between 1992 and

contractions.”® However, none of According fo ACOG, 2004." Standard obstetrical man-
these practices have been found to managemenf of preterm agement of preterm labor and pre-
be SUCCC'SSfl:ll ip prf:venting pre- labor should involve the use mature prolpnged rupture of mem-
term deliveries in this population. f . branes may influence the percentage
Currently, there are insufficient o fOCOIYS'S and of these cases that result in late

data in terms of maternal risks and
neonatal benefits to support the
use of any of these interventions in
women with suspected early labor
in the late preterm period.

glucocorticoids only up to
34 weeks of gestation and
this may have contributed to
the increased rate of late
preterm births.

preterm birth beyond 34 weeks of
gestational age. According to the
guidelines published by ACOG,
the management of preterm labor
should involve the use of tocolysis
and glucocorticoids only up to 34

Spontaneous Preterm

Labor, Caesarean

Section, Induction of Labor, and Their
Impact on Late Preterm Births

The increasing trend of electively delivering at
earlier gestational ages has raised concerns about the
impact that this may have on maternal and fetal health.
Maintaining a delicate balance between the risks to the
fetus and benefits to the mother associated with
continuing a pregnancy versus delivering early re-
mains a major obstetrical challenge.

During the past 15 years in the USA, the percentage
of infants born before 40 weeks of gestation has
increased and the percentage of those born after 40
weeks of gestation have decreased.'” The shift in
gestational age at birth raises the risk for the birth of
physiologically immature infants who then are at
increased risk to develop associated complications of

Curr Probl Pediatr Adolesc Health Care, October 2010

weeks of gestation.” These prac-
tices may have contributed to the
increasing rate of late preterm
births and the subsequent acute respiratory morbidi-
ties.>® Modification of current management strategies
could potentially decrease the incidence of late pre-
term births and its morbidities. However, additional
research is needed to identify the best balance between
perinatal and neonatal management.

In the year 2006, 30% of live births were delivered
by Caesarean deliveries, leading to an astounding 50%
increased rate of Caesarean section in USA in the last
decade.®

This largely reflects a sharp increase in primary
Caesarean section rates, which may further increase
subsequent Caesarean rates because of the increased
likelihood of repeat Caesarean section in these future
pregnancies. Although many Caesarean sections occur
for valid indications, there is speculation that many

221


http://www.marchofdimes.com/peristats

occur electively because of maternal and/or practitio-
ner preference in the absence of medical or obstetrical
indications.>" Although birth records do not allow
more precise estimates, published reports estimate that
the Caesarean deliveries occurring because of a ma-
ternal request account for between 4% and 18% of all
Caesarean deliveries in USA.?! It is often difficult to
distinguish between Caesarean deliveries performed
electively at maternal request and those performed for
medical indications from the medical records alone.*!
Such elective interventions in term pregnancies can
potentially increase the proportion of deliveries, re-
sulting in a late preterm infant, because delivery date
and gestational age estimation prenatally is an inexact
and an imperfect science.’> Commonly used methods,
such as Naegle’s rule and second trimester sonograms,
are accurate to only within 1 to 2
weeks of the actual gestation age,
potentially giving a margin of er-

Neonatal Clinical Issues

Recent research focused on late preterm births has
revealed that this group of patients experience higher
incidences of neonatal complications when compared
with their term counterparts. Late preterm infants have
a higher risk for respiratory distress syndrome, tran-
sient tachypnea of the newborn, hypoglycemia, tem-
perature instability, jaundice, and feeding difficul-
ties.’3° Recently, Mclntyre and Leveno®’ reported
that these neonatal morbidities decreased significantly
with increasing gestational age between 34 and 39
weeks. Late preterm infants have also been found to
require additional resources leading to higher hospital
costs secondary to longer lengths of hospital stay and
higher rates of admission to NICU. Furthermore, late
preterm infants are more likely to be rehospitalized after

initial hospital discharge.
It is estimated that 17,000 infants

ror that moves an expected term

with a gestation age of more than

delivery into the late preterm cat-

egory.32’33

Another factor that potentially
contributes to the increase in late
preterm birth is the decreasing
trend of vaginal birth after a pre-
vious Caesarean section and ac-
ceptance or standardization of re-
peat Caesarean deliveries. The
vaginal birth after a previous Cae-

Naegle’s rule and second
trimester sonograms are
accurate to only within 1
or 2 weeks of the actual
gestation age, potentially
giving a margin of error
that moves an expected
term delivery into the late
prefterm category.

34 weeks at birth are admitted to
the NICU each year in the USA,
representing 33% of all NICU ad-
missions. Nearly 50% of infants
born at 34 weeks gestation require
neonatal intensive care; this num-
ber drops to 15% at 35 weeks and
8% at 36 weeks of gestation.*®
What follows is a discussion of
some of the neonatal issues seen in
the late premature group of neo-

sarean section rate rose steadily

from 1980 to a high of 28% in

1997 and then fell to a low rate of

10% in 2003.%** This changing

trend likely contributed to the increased incidence of
iatrogenic late preterm births during this time.**

To avoid iatrogenic prematurity and to minimize the
morbidity associated with elective induction of labor
and elective Caesarean section, ACOG recommends
that elective delivery should not be performed before 39
weeks of gestation. In an attempt to further decrease the
morbidity associated with elective Caesarean deliveries
at term, physicians and patients should be counseled
regarding the vulnerability of late preterm infants and the
potential for iatrogenic late prematurity morbidity. Fur-
thermore, hospital guidelines should be developed and
ensure that elective deliveries are not performed before
39 weeks of gestation age. Additionally, fetal lung
maturity should be confirmed when pregnancy dating
cannot be established before an elective delivery.
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nate (Table 1).

Pulmonary System

Respiratory morbidities in late preterm infants deliv-
ered spontaneously or by elective Caesarean section
have been well documented. This diagnosis accounts
for a significant number of admissions to the intensive
care unit each year.>*** Late preterm infants have a
higher incidence of transient tachypnea of the new-
born, respiratory distress syndrome, pulmonary hyper-
tension, and respiratory failure than term infants.?>-*
Decreased clearance of lung fluid and/or relative
deficiency of surfactant remain central to the patho-
physiology of these disorders. Birth in the absence of
labor also contributes to the observed pulmonary
dysfunction.*! There is considerable evidence that
physiological events in the last few weeks of preg-
nancy coupled with the onset of spontaneous labor and
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TABLE 1. Late preterm infants and neonatal morbidities
Morbidity Late preterm vs term infants

Respiratory issues

Higher incidence of transient tachypnea of
newborn, respiratory distress syndrome,
pulmonary hypertension, and respiratory
failure®35-36

Almost twice the chance of need for any
resuscitation at birth*®

Resuscitation at birth

Jaundice 2-4 times likely to develop severe
jaundice®-%8-5°
Metabolic Greater susceptibility to cold stress, more

often requires phototherapy for
jaundice, more likely to have feeding
problems®6:62:65

Higher risk for developmental delay and
school readiness issues’®

Cognitive development

hormonal changes affect the fetus and the mother in
ways that result in the rapid maturation and prepara-
tion of the fetus for delivery and a
smooth neonatal transition. Sponta-
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FIG 4. Incidence of NICU admission: late preterm versus term
neonates. Graph shows the incidence of admission to the
NICU for neonates with a GA above 33 weeks. Almost 50% of
all infants born at 34 weeks of GA were admitted to the NICU
when compared with less than 10% for neonates more than 37
weeks of GA admitted to the NICU (Source: Bailey S,
Hendricks-Munoz K, Mally P. Incidence of respiratory dis-
tress syndrome (RDS) among term and late preterm (LPT)
neonates. E-PAS 2009:502). (Color version of figure is
available online.)

during the study period, approxi-

neous delivery during term gestation
is accompanied by a surge in en-
dogenous steroids and catechol-
amine secretion, which is respon-
sible for some of the pulmonary
maturational effects.*' When de-
livery occurs during the late pre- h
mature gestation age, especially by
Caesarean section before the onset
of labor, the fetus is deprived of
these hormonal changes, making

Late preterm neonates have
a higher risk for respiratory
morbidities, hypoglycemia,
temperature instability,
rbilirubinemia, and
feeding difficulties when
compared to their term
counterparts.

mately 10% of all births were late
preterm births. Of all neonates
born at 34 weeks gestation age,
50% required admission to the
NICU. Admission rates to the
NICU were also greater in other
late preterm groups with 30% of
all premature neonates born at 35
weeks and 20% of all premature
neonates born at 36 weeks requir-
ing admission to the NICU. This
was in stark contrast with a NICU

the neonatal transition more diffi-
cult and increasing the risk of
acute respiratory issues in the
early neonatal period.** This provides partial explana-
tion as to why these infants have a higher incidence of
transient tachypnea of the newborn, respiratory dis-
tress syndrome resulting from iatrogenic prematurity,
persistent pulmonary hypertension with or without
hypoxic respiratory failure, each of which also con-
tributes to higher rates of NICU admissions. These late
preterm babies admitted to the NICU may potentially
require oxygen therapy and ventilatory support, in-
cluding mechanical ventilation, and have increased
rates of acute respiratory morbidity, when compared
with the term infants.**°

The authors performed an observational study over a
15-month period between 2006 and 2007, evaluating
the incidence of late premature births and associated
respiratory morbidities when compared with their term
counterparts. Of 5600 total live births at their center
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admission rate of less than 10% of
all term neonates®’ (Fig 4).

The authors also found that late preterm infants were
8 times more likely to be diagnosed with respiratory
distress syndrome, 9 times more likely to be placed on
nasal continuous positive pressure ventilation, 5 times
more likely to be placed on a ventilator, and 42 times
more likely to require surfactant supplementation when
compared with the term neonates who were admitted to
the NICU during the study period*’ (Table 2).

This study confirms numerous recent reports that late
preterm neonates contribute greatly to the overall
incidence of respiratory morbidity seen in infants. A
study by De Luca et al.*® revealed a strong age-related
trend in respiratory morbidity independent of delivery
mode and a 10-fold increase in these morbidities in
infants of 34 weeks of gestation age compared with
term infants. A retrospective study in Canada by
Kitsommart et al.** revealed significantly worse respi-
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TABLE 2. Risk of respiratory morbidities in late preterm and term
neonates

Diagnosis/ Late preterm Term Odds ratio

Intervention (n = 138) (n = 303) (95% CI)
RDS 23% 4% 8.0 (3.9-16.5)
TTN 20% 15% 1.3(0.8-2.2)
Nasal cannula 35% 31% 1.2 (0.8-1.9)
NCPAP 35% 6% 9.0 (4.9-16.4)
Ventilator 13% 3% 4.9(2.1-11.2)
Surfactant 12% 0.3% 42.2 (5-322)

Respiratory morbidity and respiratory support seen in late preterm versus term
infants. RDS = respiratory distress syndrome; TTN = transient tachypnea of
newborn; NCPAP = nasal continuous positive pressure ventilation.

Source: Bailey S, Hendricks-Munoz K, Mally P. Incidence of respiratory distress
syndrome (RDS) among term and late preterm (LPT) neonates. EPAS 2009:502.

ratory outcomes in 34- to 36-week gestational age
infants when compared with term infants; respiratory
outcomes included rates of positive pressure ventila-
tion and prevalence of pneumothorax. Others have
reported a high incidence of respiratory distress as one
of the most common adverse outcomes among late
preterm infants.>”-*>*° The implication of these find-
ings is that an overall reduction in respiratory morbid-
ity and possibly other morbidities would likely be seen
with a reduction in the overall proportion of late
preterm births.

Delivery Room Resuscitation

Late preterm infants should be identified as a high-
risk group in need of delivery room attendance for
potential resuscitation support because of the above-
mentioned risks of immaturity of the physiological
systems and in the response to stress factors during
labor and birth. The last weeks of pregnancy are
critical for complete fetal development and matura-
tion. Biochemical and hormonal modifications associ-
ated with spontaneous birth are key factors required
for an adequate transition to the extrauterine life.*'
Interruption of pregnancy before the occurrence of
these maturational events can hinder the respiratory
and hemodynamic transition that normally should take
place soon after birth.

de Almedia et al.>® prospectively evaluated the
incidence of bag and mask ventilation in the delivery
room for all live-born late preterm and term infants.
They found that except for tracheal aspiration for
meconium, the chance of needing any resuscitation
procedure was approximately 2 times higher in the late
preterm group compared with the full-term group.
Furthermore, there was a greater proportion of low
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Apgar scores in the late preterm infants compared with
full-term infants.>®

Gastrointestinal Maturation and
Feeding

Much of the neonatal nutrition literature has focused
on the management of very low birth infants with little
attention to the nutritional management or needs of
preterm infants at higher gestation. Nonetheless, the
late preterm cohort presents its own nutritional chal-
lenges to health care providers.

The gastrointestinal tract continues to develop
throughout gestation with tremendous growth and a
doubling of intestinal length in the last trimester of
pregnancy.”' This is coupled with a dramatic increase
in the surface area largely because of the enormous
growth of villi and microvilli during this period.”!
Despite this fact, digestive absorptive capability is
usually not a critical problem in late preterm neonates
and they adapt quickly to enteral feedings, including
the digestion and absorption of lactose, proteins, and
lipids.”"?

However, there are various aspects of intestinal
motor function immaturity that result in feeding intol-
erance in premature infants. Suck—swallow coordina-
tion is not fully developed until the fetus reaches a
gestation age of approximately 34 weeks.”* Motility
and gastric emptying can also be delayed.’” As a
consequence, some late preterm infants can require
considerably longer time to achieve normal feeding
patterns, resulting in prolonged hospital stays.

Deglutition, peristaltic functions, and sphincter con-
trol in the esophagus, stomach, and intestines are
likely to be less mature in late preterm infants com-
pared with their term counterparts. This may lead to
difficulty in coordinating suck and swallowing and a
delay in successful breastfeeding with resultant poor
weight gain and dehydration during the early postnatal
period, potentially increasing the likelihood of rehos-
pitalization.®”->

The advantages of breastfeeding in premature infants
appear to be even greater than those for term infants.
However, establishing successful breastfeeding in this
group of infants is oftentimes problematic. Because of
their immaturity, late preterm neonates may be more
sleepy, have less stamina, and have more difficulty
with latching on to the mother’s breast.”” These can all
be potential barriers for successful breastfeeding. Ad-
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ditionally, mothers who deliver near but not at term
are more likely to deliver multiples, or have medical
conditions such as diabetes, eclampsia, chorioamnio-
nitis, or a Caesarean section delivery that may also
affect the breastfeeding success. Taken together, the
maternal and infant problems place the late preterm
breastfeeding neonate at increased risk for hypother-
mia, hypoglycemia, excessive weight loss, slow
weight gain, failure to thrive, prolonged artificial milk
supplementation, exaggerated jaundice, dehydration,
breastfeeding failure, and rehospitalization.”” These
feeding problems are also the most dominant reason
for delay in hospital discharges for this cohort of the
newborn population.’

In summary, although late preterm neonates are born
only a few weeks early, they still have a wide
spectrum of nutritional needs. The
team approach, including input

serum bilirubin binding capacity due to the lower
serum albumin levels in the late preterm group, an
enhanced permeability of the blood—brain barrier to
unconjugated bilirubin influx, and an immaturity of
neuronal protective mechanism.

Compared with term neonates, late preterm neonates
were at an increased risk to develop kernicterus as
identified in the USA pilot kernicterus registry and are
also at risk for developing signs of bilirubin neurotox-
icity at an earlier postnatal age.®%?

The immaturity of the suck—swallow mechanism
discussed previously can also place late preterm neo-
nates who are breastfed at risk for severe neonatal
hyperbilirubinemia.? Inadequate breast milk intake, in
addition to contributing to a varying degree of dehy-
dration, can enhance hyperbilirubinemia by increasing

the enterohepatic circulation of
bilirubin and the resultant hepatic

from the nutritionist, occupational
therapist, speech pathologist, lac-
tation consultant, and the physi-
cian can facilitate choosing suc-
cessful feeding plans for these
infants.

Hyperbilirubinemia

Hyperbilirubinemia in late pre-
term neonates is often more prev-
alent, and when it does occur, it is
usually more severe and its course

The team approach,
including input from the
nutritionist, occupational

therapist, speech
pathologist, lactation
consultant, and the
physician can facilitate
choosing successful feeding
plans for late preterm
infants.

bilirubin load. In the context of the
exaggerated hepatic immaturity of
the late preterm neonate, any fur-
ther increase in the hepatic biliru-
bin load will likely result in more
marked hyperbilirubinemia.’
Pediatricians need to be alert to
the potential problems of subopti-
mal breast milk feeding in late
preterm neonates and not be mis-
led by the seemingly satisfactory
breastfeeding efforts of these late
preterm neonates during their ini-
tial stay in the hospital. During this

is more protracted than in term
neonates. Jaundice in late preterm
infants results from an increased
bilirubin load due to increased bilirubin production
and decreased bilirubin elimination. Moreover, late
preterm neonates demonstrate a slower postnatal mat-
uration of hepatic bilirubin uptake and bilirubin con-
jugation compared with their term counterparts.’® This
exaggerated hepatic immaturity contributes to the
greater prevalence, severity, and duration of neonatal
jaundice in the late preterm infants.”®>® Late preterm
neonates are vulnerable to developing brain damage
because of hyperbilirubinemia and kernicterus.®® The
mechanisms that potentially could account for the
increased susceptibility to bilirubin-induced central
nervous system injury in late preterm neonates have
not been well defined. However, some of the factors
that can potentially account for this are the diminished
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first observed period, limited co-

lostrum volumes make it a chal-
lenge to adequately assess the effectiveness of breast-
feeding. Ultimately, the best clinical strategy to avoid
the development of marked hyperbilirubinemia and
the associated risk of bilirubin encephalopathy in late
preterm neonate is preventive. It includes nursing and
parental education, screening for jaundice in the new-
born nursery, the provision of lactation support, timely
post discharge follow-up, and appropriate treatment
when clinically indicated.

Cold Stress and Hypoglycemia

Despite the increased risk of early neonatal morbid-
ities in the late preterm cohort, pediatricians often
presume that the late preterm infant and the term infant
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are at similar risk for medical problems. Likewise,
they generally consider the late preterm infant as a
healthy newborn. Demands on limited acute care beds
in NICUs, along with established clinical practices,
often result in early transition of these infants to the
well baby nursery or to the maternity ward to be
roomed in with the mother.

Clinicians often consider clinical features of respi-
ratory distress to determine the level of care required
for infants after birth and stabilization in the delivery
room. Other critical factors required for successful
transition during the early hours following birth is the
neonate’s ability to deal with cold stress and hypogly-
cemia. These conditions can be easily missed, espe-
cially if one does not closely monitor infants in this
gestational age group.®® Cold stress should be of
greater concern in both the very preterm infant and the
larger late preterm cohort alike and is an important
stressor that can potentially hinder a successful tran-
sition to the extra uterine environ-
ment or precipitate persistence of

This suggests a poor postnatal adaptation that places
the late preterm infants at risk of lower serum glucose
levels than would be expected in an average term
infants.®® In fact, the incidence of hypoglycemia in
preterm infants is 3 times greater than the incidence
seen in full-term infants. Furthermore, of those late
preterm infants who experience hypoglycemia, nearly
two thirds will be in need of dextrose infusions to
maintain optimal glucose stability. Although the abso-
lute magnitude of this problem in late preterm neo-
nates is not well documented, it is thought to approach
between 10% and 15%.°"°® The increased risk for
hypoglycemia may reflect a delay in hepatic glucose-
6-phosphatase activity when compared with their term
counterparts. This enzyme catalyzes the terminal step
in hepatic glycogenolysis and gluconeogenesis, which
represents the primary response to hypoglycemia. In
addition, limited enteral intake due to gastrointestinal
immaturity and poor suck—swallow coordination also

contributes to the risk of hypogly-

cemia in the late preterm infant.

the fetal circulation or pulmonary
hypertension. Late preterm infants

More importantly, the compensa-
tory mechanisms responsible for

are particularly vulnerable to cold
stress due to their immature epider-
mal barrier, a higher ratio of sur-
face area to birth weight than for
term infants, and the need for more

Late preterm infants are
vulnerable to developing
brain damage because of
hyperbilirubinemia and
kernicterus.

protecting the brain from hypogly-
cemic episodes are not yet entirely
in place,®® posing an increased risk
of negative neurodevelopmental
outcomes. It is important for pro-

frequent delivery room interven-

viders taking care of this cohort of

tions. Other factors that can pro-
mote heat loss are large tempera-
ture gradients between the infant and the ambient
temperature of the delivery room, large evaporative
heat loss from the wet surface of the newborn, and
conductive heat losses to the cooler surfaces on which
the infant is placed.®® Recognition of cold stress
following birth especially in late preterm neonates and
rapid intervention in the form of prevention strategies
are key. Strategies that can help to accomplish a
smooth transition include thorough drying of the skin
and the scalp with warm blankets, proper skin-to-skin
contact with the mother, and swaddling with warm
blankets.®*°

Hypoglycemia represents another variable that im-
pacts the level of care needed for the late preterm
neonate. It is dangerous to assume that the incidence
of hypoglycemia in the late preterm infant is similar to
the term neonate. The postnatal decreases in plasma
glucose concentration observed in preterm infants is
often much greater than that seen in the term infants.®®
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neonates to pay close attention to
the anticipation, recognition, diag-

nosis, and therapy of neonatal hypoglycemia.®
Cold stress and hypoglycemia represent components
of adaptation that are rarely completed within the
delivery room, but rather extend through the first day
of life. Irrespective of the mode and place of care—
whether in the newborn nursery, rooming in with the
mother, or in the intensive care unit, repetitive body
temperature and serum glucose measurements are
necessary for proper management. Similarly, surveil-
lance for transitional hypoglycemia may extend be-
yond the first hours following birth due to concomitant
cold stress, poor feeding, and/or tachypnea, all of
which occur more frequently in late preterm neonates
when compared with term infants. A comprehensive
understanding of these issues by physicians, nurses,
and hospital administrators is essential to determine
the resources necessary to care for a cohort of infants
in whom the risk of medical problems are often
overlooked.®® (See Table 3 for a sample protocol for
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TABLE 3. Sample protocol: “Postnatal transition” monitoring of late

preterm infants

® Late preterm infants need closer monitoring in a transitional
nursery or neonatal intensive care unit than term infants.

® Feeding: Early initiation of feeds with increased frequency. Trained
nursing staff should observe for suck-swallow coordination and
reduced endurance and have a lactation consultation within 24
hours of birth.

® Hyperbilirubinemia: Serum testing of bilirubin at 24 hours, visual
assessment for jaundice in hospital every 812 hours, parental
education by the providers to look for worsening jaundice, such as
visible yellowing of the skin, inadequate feeding, decreased activity
with decreased urine output, and follow-up with pediatrics within
4-5 days.

® Thermoregulation: Axillary temperature should be taken immedi-
ately after admission and every 4 hours during their hospital stay.
Infant should demonstrate stable temperature at least for 48 hours
in a open crib before discharge.

® Close monitoring for signs and symptoms of respiratory distress by
the nursing staff in the first 48 hours is important. Parents should
be trained to look for signs of respiratory distress, such as nasal
flaring, increased retractions, and grunting.

the monitoring of the postnatal

neonates have shown significant reductions in drug
clearance and prolonged half-lives, exposing them to
risks of drug toxicity. Late preterm delivery is often
associated with complicated perinatal conditions, such
as multiple gestation, maternal diabetes, and chorio-
amnionitis that can lead to severe neonatal diseases
requiring treatment with multiple potent medications.
Hence it is important to have more detailed develop-
mental studies of drugs with narrow therapeutic in-
dexes to better guide drug treatment in the late preterm

group.

Infection

Compared with term and extremely preterm infants,
late preterm neonates are intermediate with regard to
immunologic maturity.”' Although the overall mortal-
ity rate from infection is low for
late preterm infants, an immature
immune system could potentially

transition of late preterm infants.)

Drug Disposition

Late preterm neonates admitted
to the intensive care unit often
require treatment with potent drugs.
Although drug disposition has been
inadequately studied in this popula-

Cold stress and
hypoglycemia represent
components of adaptation
that are rarely completed
within the delivery room,
but rather extend through
the first day of life.

increase the risk of neonatal com-
plications, prolong hospital stay,
and increase health care costs.
Late preterm neonates have an in-
creased risk for immaturity of a
range of developmental processes
resulting in respiratory distress,
temperature instability, jaundice,
and hypoglycemia. Because many
of these clinical findings are some

tion, when examined, it appears
that late preterm neonates have an
immature drug metabolism system
when compared with term infants.”® Thus, they show
a significant reduction in drug clearance and prolonged
half-lives that require dosage adjustments from those
used to treating term newborns. Drug absorption may
be reduced in the late preterm infant because of
reduced gastric acidity, motility, and bile excretion.
Protein binding affects drug actions by influencing
drug availability at the target site as only the nonpro-
tein bound form is available to pass membranes for
diffusion, bind to receptors, undergo glomerular filtra-
tion, and enter the cell for metabolism. Protein binding
is reduced in late preterm compared with term infants
and can lead to exaggerated drug effects at total drug
concentrations usually considered therapeutic.”® Al-
though late preterm neonates appear mature, several
organs responsible for drug disposition are still imma-
ture and pharmacokinetic studies in this cohort of
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of the common initiating signs of

neonatal sepsis, there is an in-
creased likelihood of evaluations for sepsis and anti-
biotic therapy in late preterm neonates when compared
with their term counterparts.® Little specific data on
the host-defense capability of the near term exist. It is
widely known that the host has 2 major systems of
defense, the nonspecific innate immune mechanism
and the adaptive immune system. Innate immunity
includes host defense mechanisms that operate effec-
tively without prior exposure to an antigen. These
mechanisms include physical barriers, such as the skin
and mucous membrane, which when breached trigger
the release of mast cells and tissue macrophages.
These mast cells can then activate T lymphocytes,
initiating a specific immune response that is often an
important component of both innate and acquired
immunity. Whether there are subtle changes in mast
cell numbers or an optimal mast cell response to an
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antigen in the near term neonate is unclear. Further
research is needed to understand the basic processes of
immune development and the complex interactions
between the developing human infant and the immune
system. This has a potential to provide greater recog-
nition of the many diseases affecting humans, ranging
from infections to cancer.”'

Brain Development

Late preterm neonates have many risks that are
common to smaller and more premature infants, such
as temperature instability, hypoglycemia, jaundice,
feeding inadequacies, and apnea. This is likely be-
cause of less mature neural control of respiration and
immature brain development when compared with
their term counterparts. Nevertheless, there is a pau-
city of clinical, physiological, neu-
roanatomic, and neurochemical

matter volume increases throughout gestation and
specifically has a rapid increase between 36 and 40
weeks of gestation because of neural differentiation
and gyral formation.”> Therefore, in the late preterm
infant, the time between 34 and 40 weeks of gestation
is critical, because the relative percentage of both gray
matter and myelinated white matter to total brain
volume increases exponentially. Recognizing that the
brain reaches only 65% of term weight by 34 weeks
underscores the immaturity of the late preterm brain
and its potential vulnerability to multiple insults that
interfere with basic mechanisms of neuronal and glial
maturation during this time frame.

Cerebellar Development

There are limited data on the relationship between
cerebellar development and function
on overall neurodevelopmental

data in this cohort of neonates.
However, it is known that human

outcome in preterm infant. The
volume of the cerebellum consti-

brain development is a dynamic
process that continues through the
end of gestation and beyond.
There is a critical period of brain
growth and development that oc-
curs in late gestation that is vital to
the development of various neural
structures and pathways. In fact,
approximately 50% of the increase

The late preterm infant
brain at 34 weeks of

gestation age weighs only

65% of the term infant’s
brain and the total brain
volume increases linearly
with increasing gestation
age up to 40 weeks.

tutes a larger relative percentage
of the total brain volume with
increasing gestation age. It is esti-
mated that as much as 25% of the
cerebellar volume will develop af-
ter the late preterm birth.”®

Late gestation represents a pe-
riod of proliferation and migration
of the cerebellar granule cells,

in cortical volume occurs between
34 and 40 weeks of gestation.”*"?
A critical period in the growth and
development of the human brain is defined as a period
in development where any type of neural insults can
lead to profound consequences for later brain devel-
opment.”*

Cerebral Cortical Development

The late preterm brain at 34 weeks of gestation
weighs only 65% of the term brain, with a 35%
increase in growth still needed to reach the term brain
weight.”> Similarly, quantitative magnetic resonance
image data have shown that total brain volume in-
creases linearly with increasing gestational age.”” In
early gestation unmyelinated white matter is the pre-
dominant neural tissue, which progressively changes
to myelinated white matter by late preterm. Gray
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which constitutes 5 layers of cere-
bellar cortex and the most promi-
nent of which is the external gran-
ular layer, and the inner granular layer appears to be
more vulnerable to impairments of blood flow through
the period of late preterm development. Injury to these
cells will impact subsequent growth and development
of cerebellar tissues. Hence these late preterm neo-
nates are vulnerable to cerebellar injury and subse-
quent associated neurologic sequelae. Further research
is needed to determine what extent cerebellar injury
contributes to cognitive, motor, and behavioral diffi-
culties in the late preterm population.

Other Considerations of Brain
Development and Long-Term
Neurodevelopmental Outcomes

Periventricular leukomalacia, a known predictor of
adverse neurological outcome, including cerebral
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palsy and cognitive delays, affects 3% to 4% of
preterm infants weighing less than 1500 g. The inci-
dence of periventricular leukomalacia in the late pre-
term population is not known’’ However, the late
preterm neonate is at risk for white matter injury
through multiple mechanisms, including developmen-
tal vulnerability of the oligodendrocyte, glutamate-
induced injury, and injury mediated by cytokines and
free radicals.”® Improved understanding of human
brain development has provided us a much clearer
understanding of the maturation-dependent vulnerabil-
ity of the late preterm brain. A significant proportion
of development in the cortical gray matter and cere-
bellum occurs during the last 6 weeks of gestation and
it is important for providers to have a clear understand-
ing of the underlying neural pathophysiology to help
guide development of neuroprotective strategies for
the late preterm infant, which would include close post
discharge follow-up at the high-risk clinic and design-
ing appropriate early intervention treatment strategies
(eg, occupational therapy, physiotherapy, and speech
therapy). The rapidly increasing number of patients
born between 34 and 37 weeks gestation highlights the
magnitude of the economic impact, if these infants are
indeed found to have increased risk for brain injury
and adverse neurodevelopmental outcome.

There is a paucity of data on the long-term neuro-
developmental outcome in these groups of neonates
and, as the population of the late preterm neonates is
steadily growing, clinicians are more carefully evalu-
ating their short- and long-term morbidities. Morse
and colleagues’® recently reported data that late pre-
term neonates were more likely to have developmental
delay within the first 3 years of life and were more
likely to be referred for special needs preschool
resources. Furthermore, they were more likely to have
problems with school readiness. These findings under-
score the potential economic and social risks posed by
the late preterm infant and the concominant need for
additional educational and social services for this
growing population. As such, early data indicate that
the late preterm infant will need close developmental
follow-up despite their apparently healthy presenta-
tion. Parents, physicians, child development special-
ists, and education professionals need to be aware of
the risks for possible school underachievement and
behavioral problems to provide prompt referrals to
early intervention services as needed. Pediatricians
can play a crucial role by providing anticipatory
guidance for this population.
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Rehospitalization

Early postnatal discharge, defined as a hospital stay
of less than 48 hours after a vaginal delivery, has been
the subject of controversy since the early 1990s. The
American Academy of Pediatrics recommends that
early postnatal discharge “should be limited to infants
who are singleton births between 38 and 42 weeks
gestation, who are of birthweight appropriate for
gestation age, and who meet other discharge crite-
ria.”®" However, in practice, late preterm infants are
usually discharged early. Compared with the term
infants, late preterm infants discharged early were at
greater risk of neonatal morbidity, with a nearly 2-fold
relative risk of being readmitted to a hospital in the
neonatal period.® Escobar and colleagues®® found that
late preterm neonates with short NICU stays had the
highest rehospitalization rates of all infants. In this
study the common causes of readmissions were jaun-
dice and feeding issues. Tomashek and colleagues®
observed that late preterm neonates were 1.5 times
more likely to require hospital-related care and 1.8
times more likely than term infants to be readmitted,
which increased to 2.2 times if they were breastfed. A
recent study involving 7 delivery centers in a managed
care organization found that late preterm neonates who
were never admitted to the NICU were 3 times more
likely than term infants to be readmitted within 2
weeks of discharge.’ In both of these studies, jaun-
dice and infection were the most common principal
diagnoses on hospital readmission and those readmit-
ted with jaundice generally presented earlier than
those readmitted with infection. Furthermore, the top 6
emergency room admitting diagnoses for the late
preterm cohort seen within the first month of life after
discharge were apnea, hyperbilirubinemia, neonatal
fever and sepsis workup, respiratory problems, feeding
problems, and hypothermia.®' As a result, there are
several initiatives underway to increase general aware-
ness of the risks and problems faced by late preterm
neonates within the birth hospital. These initiatives
need to extend beyond the nursery to outpatient
providers and parents. Emphasis should be placed on
feeding management, jaundice, temperature regula-
tion, and assessment for risk of common respiratory
problems. Early follow-up with the pediatrician after
discharge should be included. Finally, further research
must focus on identifying evidence-based recommen-
dations for appropriate discharge timing and post
discharge follow-up of late preterm infants.
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Costs and Public Health Issues
Related to Late Preterm Births

The rate of premature births has steadily increased
over the past decade, which is a great clinical and
public health concern. An estimate of the total cost of
prematurity would include medical costs (initial hos-
pital costs, rehospitalization costs, outpatient care
costs associated with a variety of specialists, equip-
ment, home nursing care, etc), nonmedical costs
(transportation, housing, special education needs), as
well as costs associated with missed opportunity for
work and education by parents, patients, and other
close family members.®* One of the major concerns of
public health importance is the need to study the
long-term neurological and school age outcomes of
late preterm infants, because even
a minor increase in the rate of
neurological disability and scho-

rate of preterm births in the USA increased from 9% in
1981 to 12.8% in 2006,® an increase of almost 33%,
most of which were caused by increases in the
proportion of late preterm infants." Currently, late
preterm infants comprise more than 70% of all preterm
births and are the fastest growing subgroup of preterm
births. The rising rate of late preterm birth has been
shown to be associated, in part, with increasing ob-
stetrical intervention. There has been a 50% increase
in the rate of Caesarean section over the last decade in
USA.® Furthermore, it has been observed that the
increase in singleton preterm births occurred primarily
among those delivered by Caesarean section, with the
largest percentage increase in late preterm births.
Physicians and patients must be counseled regarding
the vulnerability of late preterm infants and the poten-

tial for iatrogenic late prematurity

morbidity associated with obstetri-

cal interventions. Every effort

lastic failure in this group can have
a huge impact on the health care
and educational system. Preterm
birth rates, particularly at the ear-
liest gestational ages, are the lead-
ing contributor to neonatal mor-
bidity and mortality in the USA,
and the national cost estimates for
the first several years of life are esti-
mated to exceed $26 billion.*>**
Previous analyses have revealed
that more recent increases in the

One of the major concerns
of public health importance
is the need to study the
long-term neurological and
school age outcomes of
late preterm infants, which
will have a huge impact on
the health care and
educational system.

should be made to make hospital
guidelines better to ensure that
elective deliveries are not per-
formed before 39 weeks of gesta-
tion age. At all gestation ages, the
risks of continuing a pregnancy
must be carefully balanced against
risks of delivery and the associated
risk of prematurity. Additionally,
it is important to conduct well-
designed, adequately powered
studies that focus on the underly-

USA preterm birth rate were
driven by increases in the birth
rate of late preterm infants,'®
which were associated with a parallel increase in
medically indicated preterm birth, induction of labor,
and elective Caesarean deliveries.”>' These late pre-
term infants have greater morbidity and total health
care costs than term infants, and these differences
persist throughout the first year of life.®> Prevention of
“preventable” preterm births should be a high priority
public health issue and should be urgently addressed
by the health care providers and policymakers.

Conclusions

The obstetrical and the neonatal care of late preterm
gestations and its implications for overall health care,
educational, and societal costs present many chal-
lenges to the health care team and policymakers. The
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ing reasons for the escalation in
preterm births and Caesarean sec-
tion rates.

Infants who are delivered at late preterm gestations
have substantially higher risks for respiratory distress
syndrome, transient tachypnea of the newborn, jaun-
dice, and feeding difficulties than do those infants who
are born at term.**>>7 The processes of adaptation
and transition to the extrauterine environment, such as
the ability to manage cold stress and maintain eugly-
cemia, rarely are completed in the delivery room and
often extend through the first few days of life.®® This
highlights the importance of surveillance for transi-
tional hypoglycemia and hypothermia for late prema-
ture infants in the first couple of days of life. Late
preterm infants are 1.5 times more likely than term
infants to require subsequent hospital-related care and
almost twice as likely to be readmitted to hospital in
the first 28 days of life.
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Late preterm neonates are also more likely to have
developmental delay within the first 3 years of life and
were more likely to be referred for special needs
preschool resources when compared with their term
counterparts’® All of these issues increase total health
care costs in the late preterm cohort when compared
with the term infants.®> Thus, even a modest reduction
in preterm birth rate, more so in the late preterm
gestation age, will reduce the burden of disease and
can lead to substantial cost savings.

A comprehensive understanding of all the above
discussed issues related to late preterm infants by the
physicians, nurses, and hospital administrators is es-
sential to determine the resources to care for a cohort
of infants in whom the risk of medical problems are
often overlooked.
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