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Delivery of infants who are physiologically mature and capable of successful transition to the extrauterine environment is an important priority
for obstetric practitioners [1]. A corollary of this goal is to avoid iatrogenic
complications of prematurity and maternal complications from delivery. It
is generally accepted that births should occur at a minimum of 39 weeks’
gestation unless earlier delivery occurs spontaneously or because of maternal or fetal medical indications. During the past 15 years in the United
States, however, the percentage of infants born before 40 weeks’ gestation
has dramatically increased and the percentage of infants born after 40 weeks’
gestation has decreased [2,3]. The shift in gestational age at birth raises the
risk for the birth of physiologically immature infants and associated complications. The purpose of this review is to describe the consequences of birth
before physiologic maturity in late preterm and term infants, to identify factors contributing to the decline in gestational age of deliveries in the United
States, and to describe strategies to reduce premature delivery of late
preterm (34 0/7–36 6/7 weeks’ gestation) and early term infants (37 0/7–38
6/7 weeks’ gestation) (Fig. 1).
Consequences after birth for late preterm infants and early term infants
During the past decade in the United States, delivery of late preterm infants and infants aged 37 0/7 to 39 6/7 weeks’ gestation has increased by
14% and 21%, respectively, whereas births of infants after 40 weeks’
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Fig. 1. ‘‘Late preterm’’ and ‘‘early term’’ deﬁnitions.

gestation have declined [2]. There are approximately 500,000 preterm births
(births before 37 completed weeks of gestation), which account for 12.5% of
live births in the United States annually. Of these preterm births, greater
than 70% (approximately 350,000 live births) are late preterm. Another
700,000 births (17.5% of live births) occur at 37 and 38 weeks’ gestation
each year (early term infants) [4]. Both of these groups of infants may experience short-term and long-term consequences associated with premature
delivery, whether indicated or elective.
Complications of prematurity in late preterm infants
Late preterm infants are at greater risk than term infants for complications of prematurity [5–9]. During the birth hospitalization, infants born
at 34 0/7 to 36 6/7 weeks’ gestation compared with term infants experience
more diﬃculties with feeding (32% versus 7%), hypoglycemia (16% versus
5%), jaundice (54% versus 38%), temperature instability (10% versus 0%),
apnea (w6% versus ! 0.1%), and respiratory distress (29% versus 4%) [7].
Late preterm infants also receive intravenous ﬂuids (27% versus 5%), evaluations for sepsis (37% versus 13%), and mechanical ventilation (3.4% versus 0.9%) more often than their term counterparts. Late preterm infants are
3.5 times more likely to have two or more of these problems than term
infants [5]. Because of these medical illnesses and management requirements, many of these infants need specialty care and hospitalizations beyond 5 nights in neonatal intensive care units [8]. Admission for intensive
care is inversely proportional to gestational age [10]. In a large health care
system, 88% of infants born at 34 weeks’ gestation, 12% born at 37 weeks’
gestation, and 2.6% born at 38 to 40 weeks’ gestation were admitted to an
intensive care unit [10]. Duration of hospital stay is also inversely proportional to gestational age [7,10–12].
Hospital readmission and late preterm infants
Late preterm infants who are discharged within the ﬁrst days after birth
are readmitted 1.5 to 3 times more often than term infants [5,10,13]. Rates of
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readmission to the hospital or an observational stay in late preterm and term
infants were 4.3% and 2.7%, respectively, in a large population-based study
of singleton infants [14]. The primary reasons for readmission of late preterm infants are hyperbilirubinemia (71%), suspected infection (20%), and
feeding diﬃculty (16%), problems that reﬂect developing physiologic and
metabolic organ functions [5,15]. Several risk factors for readmission
of late preterm infants have been identiﬁed; these include ﬁrstborn or
breastfed, maternal labor and delivery complications, recipients of public
insurance, and Asian-Paciﬁc Island descent [16]. Because readmission rates
are increased in late preterm infants, it is important to focus care and support before discharge on the problems that may present during the ﬁrst days
and weeks at home, such as feeding issues and jaundice. Oral feeding dysfunction may only become apparent after the mother’s breast milk supply
increases and the infant’s oromotor skills are challenged. Furthermore, concentrations of bilirubin, a neural toxin, may peak after discharge from the
initial hospitalization in late preterm infants.
Mortality, long-term morbidity, and late preterm infants
Mortality rates beyond the ﬁrst month after birth are higher in late preterm infants than in term infants [5,17]. Neonatal mortality (deaths among
infants 0–27 days’ chronologic age) is 4.6 times higher than in term infants
(4.1 versus 0.9 per 1000 live births in 2002, respectively) [17,18]. Infant mortality (deaths among infants 0–364 days’ chronologic age) has been consistently higher in late preterm infants than in term infants for the past
15 years. In 2002, the infant mortality rate was 7.7 versus 2.5 per 1000
live births in late preterm and term infants, respectively [5,19]. Interestingly,
infant mortality is greater in late preterm infants for each of the leading
10 causes of death (Table 1). In addition to an increased risk for mortality,
late preterm infants have higher relative rates of developmental handicaps
than term infants. Speciﬁcally, school performance diﬃculties and behavioral disabilities, especially attention deﬁcit hyperactivity disorder, are
Table 1
Cause-speciﬁc infant mortality rates of late preterm and term infants (per 100,000 live births)

Congenital anomalies
Sudden infant death syndrome
Accidents (unintentional)
Disease of the circulatory system
Intrauterine hypoxia and birth asphyxia
Inﬂuenza and pneumonia
Assault (homicide)
Bacterial sepsis of the newborn
Newborn aﬀected by complications of the
placenta, cord, or membranes
Atelectasis

Late preterm (rank)

Term (rank)

333
99
38
25
17
12
12
11
11

77
49
21
10
7
5
6
3
2

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

10 (10)

(1)
(2)
(3)
(4)
(5)
(7)
(6)
(9)
(10)

0.7 (24)
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Table 2
Attention deﬁcit hyperactivity disorder and gestational age
Gestational
age (weeks)

Controls
n ¼ 20,100

ADHD cases
n ¼ 834 (%)

Adjusted relative risk
(95% conﬁdence interval)

!34
34–36
37–39
40–42
43–44

298
544
6629
12,365
264

34
37
298
456
9

2.7 (1.8–4.1)
1.7 (1.2–2.5)
1.1 (0.9–1.3)
Reference
1.0 (0.5–2.0)

(11.4)
(6.8)
(4.5)
(3.7)
(3.4)

Data from Linnet KM, Wisborg K, Agerbo E, et al. Gestational age, birth weight, and the
risk of hyperkinetic disorder. Arch Dis Child 2006;9:655–60.

more prevalent in late preterm infants (Tables 2 and 3) [20–22]. Such impairments may relate to incomplete brain development after birth in late preterm infants [21]. At birth, the brain mass of late preterm infants is only
approximately 70% that of term infants and myelinization is markedly
underdeveloped.
Most late preterm infants thrive after birth and have no complications or
long-term impairments. Because of the risks for mortality and morbidity
associated with birth at 34 0/7 to 36 6/7 weeks’ gestation, however, such
infants need close monitoring and follow-up. Additional investigations to
understand the causes for late preterm births better and eﬀorts to prevent
them, if possible, are warranted.
Respiratory morbidities, possible long-term morbidities,
and early term infants
In a large retrospective review of the incidence of respiratory distress in
term and late preterm infants, 1.9% experienced respiratory distress because
of transient tachypnea, respiratory distress syndrome, or persistent pulmonary hypertension of the newborn (Table 4) [23]. A review of studies of
term infants found that the incidence of transient tachypnea of the newborn,
respiratory distress syndrome, and persistent pulmonary hypertension of the
newborn were approximately 3.1%, 0.25%, and 0.17%, respectively
Table 3
School age outcome of healthy late preterm (n ¼ 22,552) versus healthy term (n ¼ 164,628)
infants in Florida
Outcome

Age (years)

Relative risk (95%
conﬁdence interval)

Developmental delay or disability
Special education
Grade retention

0–3
5
5

1.46 (1.42–1.50)
1.13 (1.11–1.15)
1.11 (1.08–1.14)

Data from Adams-Chapman I. Neurodevelopmental outcome of the late preterm infant.
Clin Perinatol 2006;30:947–64; with permission, and Morse SB, Tang Y, Roth J. School-age
outcomes of healthy near-term infants (34–37 weeks) versus healthy term infants (38–42 weeks).
Pediatr Res 2006;1(Suppl):158.
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Table 4
Incidence of respiratory morbidity in late preterm and term infants

Transient tachypnea
of the newborn
Respiratory distress
syndrome
Persistent pulmonary
hypertension
Total

Cesarean
section
n ¼ 4301
(%)

Vaginal birth
n ¼ 21,017
(%)

Combined
n ¼ 25,318
(%)

Odds ratio (95%
conﬁdence interval)
for cesarean section
versus vaginal birth

151 (3.5)

238 (1.1)

389 (1.5)

3.3 (2.6–3.9)

20 (0.47)

33 (0.16)

53 (0.21)

3.0 (1.6–5.3)

17 (0.4)

17 (0.08)

34 (0.13)

4.9 (2.2–8.8)

188 (4.4)

288 (1.4)

476 (1.9)

3.3 (2.7–4.0)

Data from Levine EM, Ghai V, Barton JJ, et al. Mode of delivery and risk of respiratory
disease in newborn. Obstet Gynecol 2001;97:440.

(weighted calculation based on one third of infants being born by cesarean
delivery) (Table 5) [24]. Considering that 87.5% of the 4 million deliveries
annually in the United States occur at term and more than 3% neonates
have respiratory disorders after birth, approximately 105,000 newborns
are aﬀected, require additional medical interventions, are exposed to complications of intensive care, and, although infrequent, die from their
illnesses. Importantly, infants with respiratory distress are temporarily separated from their mothers and families.
According to a retrospective geographically based analysis of 179,701
births, the incidence of severe respiratory distress syndrome in infants
aged 34 to 41 weeks’ gestation declines with increasing gestational age
(Table 6) [25]. Infants born at 37 weeks’ gestation have a 3-fold greater
rate of respiratory distress syndrome that those born at 38 weeks’ gestation,
who, in turn, have a 7.5-fold greater rate than infants born at 39 to 41 weeks’
gestation. Infants born at 37 to 38 weeks’ gestation also have a signiﬁcantly
Table 5
Incidence of respiratory morbidity in term infants and eﬀect of cesarean section

Transient tachypnea
of the newborn
Respiratory distress
syndrome
Persistent pulmonary
hypertension
of the newborn

Cesarean
section

Vaginal
birth

Range of odds ratios
for cesarean section
versus vaginal birth (range)

0.9%–12%

0.3%–3%

1.2–2.8

0.2–0.7%

0.1–0.2%

0–7.1

0.37%

0.08%

4.6

Data from Kirkeby Hansen A, Wisborg K, Uldbjerg N, et al. Elective caesarean section and
respiratory morbidity in the term and near-term neonate. Acta Obstet Gynecol Scand
2007;86:392.
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Table 6
Respiratory distress syndrome in late preterm and term infants
Gestational
age (weeks)

Incidence of respiratory
distress syndrome
(per 1000 infants)

Relative rate compared
with following gestation

34
35
36
37
38
39–41

30
14
7.1
1.8
0.6
0.08

2.1
2.0
3.9
3.0
7.5
Reference

Data from Madar J, Richmond S, Hey E. Surfactant-deﬁcient respiratory distress after elective delivery at ‘term.’ Acta Paediatr 1999;88:1245.

higher risk for transient tachypnea of the newborn, persistent pulmonary
hypertension, hospital stays beyond 5 nights, and diagnoses associated
with severe morbidities or death than infants born at 39 weeks’ gestation
[3,8,9,24–27].
Delivery by cesarean section is an important independent risk factor for
respiratory morbidity in term infants. Studies of infants delivered by elective
cesarean section have consistently shown that the risk for respiratory distress syndrome and transient tachypnea of the newborn is inversely proportional to gestational age [7,9,24,25,27–30]. Respiratory distress syndrome
and transient tachypnea of the newborn is 1.7 times more frequent at
37 weeks’ gestation compared with 38 weeks’ gestation and 2.4 times as frequent at 38 weeks’ gestation compared with 39 weeks’ gestation in infants
delivered by elective cesarean section [31]. Long-term morbidities in term
infants have been inconsistently correlated with birth by cesarean section.
Such morbidities include asthma, hay fever, respiratory and food allergies,
and diarrhea [32–35].

Factors contributing to increased birth rate of late preterm
and early term infants
Birth before fetal maturity contributes to short-term and long-term morbidity and mortality in late preterm and early term infants. Most babies
born between 34 and 38 weeks’ gestation are delivered prematurely because
of maternal or fetal medical indications [2,36]. All categories of live births
(spontaneous, associated with premature rupture of membranes, and associated with medical intervention) of infants born at 34 to 36 weeks’ gestation
and 37 to 39 weeks’ gestation increased as a percent of live births between
1992 and 2002. During this same interval, the percent of live births attributed to infants with gestational ages of 40 to 44 weeks declined considerably,
whereas births of infants aged less than 32 weeks’ gestation remained stable
or decreased.
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The reasons for the increase in rates of late preterm and early term
births are unclear because of a paucity of information [28]. Several disparate factors have been implicated as important inﬂuences on these rates
[36–40]:






Increased medical surveillance and interventions
Inaccurate gestational age assessment during elective deliveries
Presumption of fetal maturity at 34 weeks’ gestation
Increase in multifetal pregnancies
Changes in maternal demographics and health
 Delayed childbearing and increased risk for prematurity
 Use of assisted reproductive technologies (multifetal pregnancies)
 Maternal obesity and increased risk for complications associated with
premature delivery (eg, preeclampsia, diabetes)
 Maternal autonomy and route and timing of delivery
 Cesarean or planned induction of labor
 Indicated: abnormal presentation, abnormal placentation, maternal
or fetal conditions (eg, premature rupture of membranes without
labor, fetal hydrocephalus)
 Repeat
 Without medical indication (induction of labor or cesarean section
on maternal request)
 Fear of fetal and neonatal risks with vaginal delivery
 Increased rate of stillbirths beginning at 39 weeks’ gestation
 Hypoxic ischemic encephalopathy, brachial plexus, and other birth
trauma, especially with breech or other abnormal presentation
 Fear of fetal and neonatal risks with cesarean delivery
 Higher rates of mortality, respiratory and other acute morbidity,
neonatal intensive care, separation from family, longer hospital stay
 Fear of maternal risks with vaginal delivery
 Risk for genital tract, anus, and perineal injury and sexual
dysfunction
 Perception that cesarean delivery is ‘‘easier’’ and ‘‘less stressful’’
than vaginal delivery
 Fear of the second stage and having to ‘‘push the baby out’’
 Fear of maternal risks with cesarean delivery
 Bladder injury, hemorrhage, death, hysterectomy, intensive care, repeat cesarean section, abnormal placentation in future pregnancies,
future fetal loss, poor perception of birth experience, ﬁnancial costs,
repeat hospitalization
 Maternal willingness to accept risk on behalf of the infant
 Convenience for mother and family
 Physician practice patterns and risk/beneﬁt determination
 Convenience
 Liability
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Accuracy of obstetric estimates of gestational age
Estimating the delivery date and gestational age prenatally is inexact because the commonly used methods, Naegle’s rule (calculated from the ﬁrst
date of the last menstrual period) and the second trimester sonogram, are
both accurate to only within 1 to 2 weeks [41,42]. Naegle’s rule depends on
the assumptions that a woman’s menstrual cycles are regular and occur every
28 days, recall is accurate, and ovulation occurs 14 days after the ﬁrst day of
the last menstrual period. Only approximately 30% of women are in their fertile window 10 to 17 days after the ﬁrst day of the last menstrual period [43].
Maternal recall is frequently not dependable, menstrual cycles may vary considerably, vaginal bleeding or spotting may occur during the ﬁrst few cycles
after fertilization, and use of oral contraceptives often alters menstrual periodicity. Combined with inherent biologic variability in fetal maturation at
any one gestational age, the accuracy of the commonly used prenatal
methods to determine fetal gestational age and the estimated date of delivery
is limited. If dates associated with artiﬁcial reproductive technologies or ﬁrst
trimester ultrasonogram assessments of the gestational sac (appears at w
5 weeks’ gestation), appearance of fetal heart rate (appears at w6 weeks’
gestation), or crown-rump length at 6 to 11 weeks’ gestation are performed,
accuracy of dating may be within 3 to 5 days of the actual gestational age.
Another important factor in accurate determination of fetal gestational
age is obesity, which is an epidemic in the United States [40]. Obesity during
pregnancy may be associated with fetal macrosomia and inaccurate ultrasonographic estimation of gestational age. Excess weight gain during pregnancy
is protective for preterm delivery (adjusted odds ratio ¼ 0.54, 95% conﬁdence
interval: 0.52–0.57), although complications of obesity are associated with
preterm delivery (gestational diabetes: adjusted odds ratio ¼ 1.28, 95% conﬁdence interval: 1.20–1.36; pregnancy-associated hypertension: odds ratio ¼
1.82, 95% conﬁdence interval: 1.67–1.98). Oligohydramnios also interferes
with the accuracy of ultrasonographic measurements for gestational age,
especially in the setting of premature rupture of membranes. Inaccurate estimations of fetal gestational age pose a degree of uncertainty when counseling
patients about the optimal route and timing of delivery, especially if elective
induction of labor or cesarean delivery is considered.
Obstetric surveillance
Medical surveillance has intensiﬁed with advances in obstetric practices.
The primary purpose of antenatal testing and intrapartum monitoring is to
identify maternal or fetal complications early in the pathophysiologic process
when they may be amenable to interventions to prevent progression of maternal illness or fetal compromise. Electronic fetal monitoring and prenatal ultrasonography were used in 85% and 67% of pregnancies, respectively, in
2003 [5]. In contrast, in 1989, electronic fetal monitoring was used in only
68% of pregnancies and prenatal ultrasonography was used in only 48% of
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pregnancies. Deliveries after interventions, such as labor induction and elective
cesarean section, have also increased during the past 10 years [2,44–47]. Increased use of these and other obstetrics tools has resulted in a reduction in stillbirths and perinatal mortality [4]. Conversely, some antenatal tests (eg,
nonstress tests, biophysical proﬁle) have low positive predictive values. As
such, an abnormal test result may not reﬂect the true fetal status. Thus, more
intensive testing and monitoring may lead to more delivery interventions and,
subsequently, contribute to a higher rate of late preterm and early term births.
Multifetal pregnancies
The percent of live births that accompany multifetal pregnancies increased
from 2.4% to 3.2% of live births between 1992 and 2002 [44]. This increase in
multifetal gestations is partly explained by artiﬁcial reproductive technologies and delayed childbearing. The average gestational age of twin births is
35 weeks [38]. The increase in percent of late preterm and early term births
is, at least in part, associated with late preterm delivery of multifetal pregnancies. Recurrent preterm delivery is not prevented in multifetal pregnancies by
maternal administration of 17 a-hydroxyprogesterone caproate as it is in singleton births [48,49]. Eﬀorts to understand and discover strategies that safely
prolong the duration of gestation in multifetal pregnancies are warranted.
Race and ethnicity
Race and ethnicity have an impact on rates of late preterm and early term
deliveries [2]. Non-Hispanic white births accounted for the largest percent
increase in births between 1992 and 2002 at 35 weeks’ gestation (1.7%–
2.0% of live births) and at 36 weeks’ gestation (3.1%–3.9% of live births)
compared with Hispanic and black births. During this same interval, Hispanic births at 34 and 35 weeks’ gestation were stable but increased from
3.7% to 4.1% of live births at 36 weeks’ gestation. In contrast, the percentage of births of black infants declined at 34 and 35 weeks’ gestation but
increased slightly at 36 weeks’ gestation. Common among non-Hispanic
white, Hispanic, and black births was an increase in the percentage of births
at 36 weeks’ gestation. The reason why the largest percent change occurred
in non-Hispanic white births has not been determined. In a separate study,
risk factors frequently associated with preterm birth, such as tobacco use
and vaginal infections, were not signiﬁcantly more common in late preterm
infants than in term infants [50]. Factors speculated to account for these
diﬀerences in perinatal outcomes include socioeconomic status, access to
health care, and maternal demand for elective delivery.
Fetal maturity and 34 weeks’ gestation
In the past, research protocols and practice guidelines implied that
34 weeks’ gestation was a surrogate for fetal maturity; therefore, infants
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born at or later than 34 weeks’ gestation were considered to be at low risk
for morbidity and mortality [1,39,51]. When such protocols and guidelines
were developed, infant mortality in late preterm infants was within 1% of
that of term infants. Since the publication of these guidelines, a growing
body of literature indicates that late preterm and early term infants are at
risk for respiratory, developmental, and behavioral morbidity in addition
to mortality. It is anticipated that future research and guideline revisions
are likely to consider this rapidly growing body of literature about the morbidities that accompany late preterm and early term birth.
Route and timing of delivery
Patients and physicians must weigh the risks and beneﬁts for each delivery
option when deciding about route and timing of delivery. Spontaneous vaginal deliveries account for approximately 60% of all deliveries, and medical
interventions to eﬀect deliveries account for the remaining 40% [2]. Cesarean
delivery is elective for several reasons (eg, repeat, abnormal presentation,
multifetal pregnancy, maternal request without a medical indication) or
necessitated by intrapartum conditions (eg, cephalopelvic disproportion,
nonreassuring fetal heart rate, failed operative forceps or vacuum delivery).
The rates of cesarean deliveries and inductions of labor have increased
dramatically during the past 10 years. Cesarean sections account for approximately one third of deliveries. Although estimates vary considerably
because of insuﬃcient documentation and lack of prospective investigations
[52,53], Menacker and colleagues [52] estimated that 3% to 7% of cesarean
deliveries were performed without a clear medical indication. Other investigators have reported that elective cesarean deliveries account for as many as
18% of cesarean deliveries in the United States [36]. Inductions of labor
occur in approximately 10% to 20% of deliveries, and roughly half are
performed electively [4,36,44–47,54,55]. Because inductions of labor are so
common, small shifts in clinical thresholds to convert to cesarean delivery
may greatly increase the number of cesarean deliveries [46].
The reasons for the increasing trends in elective cesarean deliveries and
labor inductions are complex. Concern about stillbirth, birth trauma, shoulder dystocia, and neonatal encephalopathy with vaginal birth beyond
39 weeks’ gestation and willingness of mothers to incur risk on behalf of
their child are important inﬂuences when deciding about timing and route
of delivery [4]. Patient fear of vaginal delivery because of perceived discomfort and complications (eg, pelvic ﬂoor dysfunction with incontinence and
loss of sexual functioning), complications associated with vaginal breech
delivery, subtle changes in medical thresholds for abandoning vaginal delivery and proceeding to intrapartum cesarean delivery, convenience for families and physicians, the decline in the rate of vaginal birth after cesarean
delivery because of the risk for uterine rupture, and liability concerns of
physicians are also likely inﬂuences [4,28].
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Neonatal and maternal complications after cesarean and vaginal delivery
were prospectively evaluated and reported in 97,095 deliveries [28]. Investigators analyzed data from the 2005 World Health Organization survey on
maternal and perinatal health. In this large cohort of deliveries, a signiﬁcantly increased risk for a neonatal intensive care stay of 7 days or more
occurred for cesarean delivery, including elective cesarean delivery (odds ratio ¼ 2.11, 95% conﬁdence interval: 1.75–2.55) and intrapartum cesarean
delivery (odds ratio ¼ 1.93, 95% conﬁdence interval: 1.63–2.29). Mortality
in infants with a cephalic presentation delivered by elective cesarean section
was also increased 1.7-fold. Similarly, mortality in infants with a cephalic
presentation delivered by intrapartum cesarean section was increased
2-fold. Cesarean delivery also signiﬁcantly reduced mortality associated
with breech presentation. Although cesarean delivery reduced vaginal injuries (third and fourth degree lacerations and ﬁstula formation), severe maternal morbidity (eg, death, hysterectomy, blood transfusion, intensive care
stay) and antibiotic use were increased 2-fold and 5-fold, respectively. The
maternal and neonatal outcomes reported in this large population study
support ﬁndings from other investigators that cesarean delivery is associated
with relatively higher rates of neonatal mortality and prolonged neonatal intensive care stay, severe maternal morbidities, and maternal antibiotic use
[36,56,57]. In contrast, cesarean delivery has advantages for breech presentations and maternal perineal injury. In 2007, the American College of
Obstetricians and Gynecologists described several beneﬁts of planned cesarean delivery compared with intrapartum cesarean or vaginal delivery that
included lower rates of postpartum hemorrhage, transfusion, surgical complications, and urinary incontinence in the ﬁrst year after delivery [57].
Cesarean delivery is associated with a large list of potential complications,
most with weak correlations, that favor vaginal delivery [36,53,56]. Examples
of complications associated with cesarean delivery include separation from
the mother and delayed breastfeeding; higher rates of postpartum fever,
infection, pneumonia, and thromboembolic events; organ injury (eg, bladder, ureter, bowel); lower postpartum health status scores; reduced satisfaction with the birth experience; low self-esteem, depression, and psychologic
trauma; longer length of hospital stay; additional laboratory and imaging assessment; additional procedural interventions; and higher cost than vaginal
deliveries [36,56–59]. Cesarean delivery also has implications for future deliveries [36,53,56]. Uterine rupture during labor occurs at a higher rate in patients who have had a previous cesarean delivery. Abnormal placentation,
such as placenta previa and placenta accreta, increased risk for intrapartum
hemorrhage and hysterectomy, and more complicated repeat abdominal surgery because of adhesions may further complicate future deliveries. Counseling about these additional risks related to cesarean delivery is important for
patients, especially primigravid women who intend to have more children.
Advances in cervical ripening and induction agents, careful selection of
patients with a favorable cervix, and labor induction protocols are believed
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to have reduced the risks related to labor induction. Despite these improvements, debate about the use of elective induction of labor continues [45,46].
It has been argued that the induction process and higher risk for cesarean
delivery, exposure to complications of the procedure, longer hospital stays,
and higher costs, especially in primigravid patients or patients with an
unfavorable cervix, outweigh the psychosocial and convenience beneﬁts in
most cases [46].
Reducing iatrogenic late preterm and early term births
If elective cesarean or labor induction is considered before 39 weeks’ gestation, the American College of Obstetricians and Gynecologists has recommended fetal pulmonary maturity conﬁrmation, a surrogate for physiologic
maturation [1]. If fetal pulmonary maturity is not proved, however, it may
be inferred from any of the following criteria:
 Fetal heart tones have been documented for 20 weeks by nonelectronic
fetoscope or for 30 weeks by Doppler.
 It has been 36 weeks since a positive serum or urine human chorionic
gonadotropin pregnancy test result by a reliable laboratory.
 Ultrasound measurement of the crown-rump length at 6 to 11 weeks of
gestation supports a gestational age equal to or greater than 39 weeks.
 Ultrasound measurements at 12 to 20 weeks of gestation support a clinically determined gestational age of 39 weeks or greater.
Adherence to these recommendations is not uniform [60]. Conﬁdence in
current methods of fetal gestational age assessment and complications of
amniocentesis may deter obstetricians from conﬁrming fetal pulmonary maturity before elective delivery [60]. Accurate gestational age assessment is
essential when determining timing of elective delivery. If gestational age
estimates vary by even 1 or 2 weeks, elective induction of labor or elective
cesarean section may be associated with premature delivery of a late preterm
or early term infant. New methods to determine fetal gestational age more
accurately, especially during the end of the second trimester and during the
third trimester, are needed.
Antenatal corticosteroids have been proved to reduce the severity of
respiratory distress syndrome and survival of infants born before 34 weeks’
gestation. Investigators have recently reported beneﬁts from fetal corticosteroid exposure in late preterm and early term infants [61,62]. Antenatal betamethasone administration to eﬀect pulmonary maturation before elective
delivery reduced the incidence of respiratory morbidity (transient tachypnea
and respiratory distress syndrome) by half (relative risk ¼ 0.46, 95% conﬁdence interval: 0.23–0.93) [61]. Patients receiving betamethasone reported
more minor complications (ﬂushing, nausea, pain at the injection site, and
increased energy) than patients receiving the placebo in this study. In a large
retrospective cohort of 1044 infants, antenatal steroids administered to
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mothers before 34 weeks’ gestation who delivered at 34 to 36 weeks’ gestation eﬀected signiﬁcant reductions in respiratory disorders (24.4% versus
81.6%; P!.0001) and respiratory distress syndrome (7.5% versus 35.5%;
P!.0001). In contrast, a meta-analysis of corticosteroids given after
33 weeks’ gestation did not show decreased neonatal morbidity; however,
the analysis was limited because of small numbers of infants [63]. Conﬁrmation of the eﬃcacy and safety of antenatal corticosteroids before elective
deliveries and at 34 to 38 weeks’ gestation is needed.
A recently published study of 21,771 late preterm births (34–36 weeks)
occurring over an 18-year period at a single university-based hospital conﬁrmed the increased neonatal morbidity at these gestational ages compared
with term births [9]. Eighty percent of these births were attributed to idiopathic preterm labor or premature rupture of membranes. The remaining
deliveries were associated with hypertension, placental accidents, fetal problems, and maternal medical problems. It is unknown whether elective deliveries without a medical indication contributed to any of the deliveries in this
study because such information was not reported [9]. Details about strategies that may be altered to prolong a pregnancy, such as expectant management of premature rupture of membranes, were also not reported.
Furthermore, in non–university-based hospitals, the reasons for elective
labor inductions and cesarean deliveries in late preterm infants have not
been reported. Thus, additional information is necessary to determine
whether there are speciﬁc medical interventions or strategies that may reduce the incidence of late preterm and early term births.
Few studies have addressed the beneﬁts of expectant management of premature rupture of membranes at greater than 34 weeks, and two older studies have not shown a beneﬁt [64,65]. A meta-analysis of planned early birth
(using oxytocin or prostaglandin) versus expectant management for prelabor premature rupture of membranes in patients at 37 weeks’ gestation or
greater found no diﬀerence in the need for cesarean or operative delivery
or neonatal infection [66]. Maternal infection and the proportion of infants
admitted to neonatal intensive care units were signiﬁcantly reduced in the
planned early delivery group. These results were unexpected and suggest
that planned early birth has advantages over expectant management, at least
in infants greater than or equal to 37 weeks’ gestation. Better understanding
of the outcomes of mothers and infants born at each gestation between
34 and 38 weeks after prelabor premature rupture of membranes is needed
to focus eﬀorts to prevent premature delivery.
Iatrogenic late preterm and early term births can be reduced by adherence to guidelines for determining gestational age and elective deliveries
(inductions and cesarean sections). Early prenatal care, which should be encouraged, optimizes the opportunities to assess gestational age most accurately, and thus to plan timing and route of delivery. Women requesting
cesarean delivery are likely to beneﬁt from a thorough discussion of the
advantages and disadvantages of cesarean and vaginal births for the fetus,
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newborn infant, and woman. If maternal fears of pain, fetal complications,
or maternal morbidities with vaginal delivery are the primary reasons to
request cesarean delivery, education and counseling about such fears are
recommended [56]. Furthermore, the safety and eﬃcacy of alternative management strategies to increase pulmonary maturity or prolong pregnancy,
such as maternal corticosteroid administration beyond 34 weeks’ gestation
and expectant management for premature rupture of membranes without
labor, merit additional study.

Summary
1. Late preterm and early term infants are at greater risk than term infants
for acute and long-term complications of premature birth.
2. The rates of late preterm and early term births are increasing.
3. Causes for the increase in rates of late preterm and early term infants are
unclear. Factors that are hypothesized to be associated with the increase
in rates include the following:
 Increased surveillance and medical interventions
 Inaccurate gestational age estimates
 Presumption of fetal maturity at 34 weeks’ gestation
 Changes in maternal demographics and health
 Increased rates of elective cesarean sections and inductions of labor
 Maternal and physician concerns about complications of vaginal
delivery and subtle changes in medical thresholds for cesarean birth
 Willingness of mothers to incur risk on behalf of their child
4. The route and timing of delivery of late preterm and early term newborn
infants have important implications for short-term and long-term neonatal outcomes.
5. The risks and beneﬁts for spontaneous vaginal delivery, planned induction of labor, or elective cesarean section for mother and infant should
be carefully considered by mothers, families, and physicians when determining the optimal timing and route of delivery.
6. Our understanding of the maternal, fetal, neonatal, and long-term outcomes and causes of late preterm and early term births is incomplete.
7. Research is needed to increase our understanding of maternal and infant
outcomes of infants born at 34 to 38 weeks’ gestation, to determine the
eﬃcacy and safety of strategies to optimize these outcomes, and to develop interventions that eﬀect physiologic maturation of the fetus when
premature delivery is necessary or elective.
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