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Problems of Late Pre-term Neonates

In this Issue...

The rapid rise in late pre-term births in the United States over the last 20 years has added
substantially to the overall burden of prematurity and its consequences. Because of their
lower relative morbidity, compared with the very pre-term, late pre-term infants have
previously escaped attention and detailed follow-up. However, the sheer volume of
infants delivered at this gestational age (ie, 34 0/7 to 36 6/7 weeks), as well as the clear
increase in morbidities when children are born even a few weeks prematurely, warrants
awareness and special consideration. Although a proportion of pre-term births are
unavoidable, the rise in what are termed “medically indicated” pre-term births and other
potentially preventable pre-term deliveries is of particular concern.

In this issue, we examine recent and ongoing trends in late pre-term births, and discuss
the short- and long-term outcomes in this group of infants.
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At the conclusion of this activity, participants should be better able to: 

Describe the etiology of late pre-term births
Discuss the short-term morbidities associated with late pre-term delivery
Evaluate the long-term outcomes of infants born in the late pre-term period
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In this podcast, Drs Lucky Jain and Sarah Keene present
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outcomes.
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COMMENTARY

Higher morbidity in “near-term” infants delivered electively even a few days earlier than
the recommended 39 to 41 weeks’ gestation1 lends strong support to what physiologists
have believed all along: Rapid maturation of the fetus in the days leading up to normal
spontaneous delivery plays a critical role in fetal transition to extrauterine life.2 Lack of
spontaneous labor appears to compound this problem; this, too, would appear to be a
given to physiologists, since a huge perinatal surge in steroids and catecholamines is
related directly to the onset (and propagation) of spontaneous labor.3 These endogenous
hormone groups lead to rapid transcriptional and translational changes in cellular
processes that facilitate events critical to transition, such as fetal lung fluid clearance. To
a student of perinatal physiology, then, it would appear quite paradoxical to see the rapid
rise in “near-term” infants, and an even more impressive rise in term and near-term
infants who have never experienced labor.4,5 Several factors have contributed to the rise
in late pre-term births. There has been a rapid increase in obstetrical interventions, such
as continuous fetal monitoring, labor inductions, and elective cesarean sections. Multiple
pregnancies are on the rise as well, and these are much more likely to result in pre-term
delivery. Efforts to prevent stillbirths may have also contributed to this situation, since the
risk for in utero demise increases with each passing week as we approach term and post-
term gestations. Unbeknown to the physiologist, however, this trend is also paralleled by
an equally impressive decline in the rate of stillbirths.6 Some have argued that the
transient health issues of near-term infants are more than offset by the number of in utero
lives saved!

How, then, does one reconcile these opposing findings and trends that have the bearings
of changing a paradigm in human reproduction established eons ago? In an effort to
resolve this ongoing debate, in 2006 the National Institute of Child Health and Human
Development (NICHD) convened a consensus conference, assembling experts from all
related fields.7 “Late pre-term,” defined as births between 34 0/7 and 36 6/7 weeks,
promptly replaced “near-term” births, to better reflect the physiologic vulnerabilities in this
population.8 A major increase in the number of publications in this area has occurred
since the meeting. These studies have allowed us to gain a better understanding of the
epidemiology, pathophysiology, and clinical course of these infants. The articles chosen
for review in this issue are representative of these areas. 
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6. Ananth CV, Gyamfi C, Jain L. Characterizing risk profiles of infants who are delivered at late
preterm gestations: does it matter? Am J Obstet Gynecol. 2008;199(4):329-331.

7. Raju TN, Higgins RD, Stark AR, Leveno KJ. Optimizing care and outcome for late-preterm
(near-term) infants: a summary of the workshop sponsored by the National Institute of Child
Health and Human Development. Pediatrics. 2006;118(3):1207-1214.

8. Engle WA. A recommendation for the definition of "late preterm" (near-term) and the birth
weight–gestational age classification system. Semin Perinatol. 2006;30(1):2-7.

9. Wang ML, Dorer DJ, Fleming MP, Catlin EA. Clinical outcomes of near-term infants.
Pediatrics. 2004;114(2):372-376.

10. Jain L. School outcome in late preterm infants: a cause for concern. 
J Pediatr. 2008;153(1):5-6.
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EPIDEMIOLOGY AND ETIOLOGY OF LATE PRE-TERM
BIRTH

Bettegowda VR, Dias T, Davidoff MJ, Damus K, Callaghan WM, Petrini JR. The
relationship between cesarean delivery and gestational age among US singleton
births. Clin Perinatol. 2008;35(2):309-323,v-vi.

(For non-journal subscribers, an additional fee may apply for full text articles.)
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In 2008, Bettegowda and colleagues examined the rise in pre-term deliveries in the
United States over the last 25 years, as well as the contribution of cesarean delivery to
this increase. The pre-term birth rate reached an all-time high of 12.7% in 2005, up from
9.4% in 1981 — an increase of almost one-third. The authors analyzed US birth records
between 1996 and 2004, looking specifically at the impact of cesarean delivery on this
change.

The increase in pre-term deliveries has been driven almost exclusively by an increase in
the number of infants born between 34 and 36 weeks’ gestation, while the number of
extremely pre-term infants has remained relatively constant.1,2 Many of these deliveries
are iatrogenic — either inductions or cesarean sections — and are often referred to as
“medically indicated” pre-term births. However, the increase in iatrogenic pre-term
deliveries has not been accompanied by a clear rise in maternal or infant risk factors,
although some authors cite a greater-than-expected decline in the rate of stillbirths.3,4 

The authors analyzed the 46% increase in cesarean sections (20.7% of births in 1996 vs
30.3% in 2005), which has paralleled a continued rise in pre-term deliveries. Although an
increase in cesarean deliveries occurred across all gestational ages, it was most
pronounced for pre-term infants. There were 59,057 additional premature births in the
United States in 2004, with 54,405 of these by cesarean section. The investigators were
not able to differentiate between elective surgery and surgery following a failed induction.
Nevertheless, it is clear that cesarean sections are responsible for the substantial majority
of the increase.

Recorded rates of both premature deliveries and cesarean sections varied by ethnic
group, with African-American infants having the highest rate of prematurity (18.7% in
2005) and non-Hispanic whites the lowest (11.7%). However, according to the authors of
this analysis, the rate of prematurity and the proportion of cesarean deliveries have both
increased overall in all ethnic groups since 1996, with no sign of abatement. It remains
unknown what proportion of these deliveries genuinely merit the morbidity risks intrinsic to
a late pre-term infant.
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Morse and associates addressed early school-age outcomes (up to 6 years of age) in the
population of late pre-term infants (34 0/7 to 36 6/7 weeks) born in Florida from 1996 to
1997. Data were obtained from birth certificates, the early intervention program, and the
Department of Education on 161,804 infants, 7152 of whom were late pre-term births.
Since the objective of the study was to look specifically at “healthy” late pre-term infants,
the authors included only those discharged home <72 hours after delivery, and they did
not account for readmission rates in their population.

Seven categories indicative of school difficulty or neurodevelopmental delay were
compared between late pre-term and term infants. Outcome measures evaluated were (1)
the diagnosis of disability or developmental delay defined as participation in early
intervention programs (<36months), participation in programs for children with disabilities
at (2) age three and (3) at age five, (4) the designation “not ready to start school” by
teacher assessment, (5) participation in special education, (6) suspension, and (7) failure
to advance to the next grade. Potential confounders were also examined, with pre-term
infants more likely to have adolescent mothers with limited education, and higher rates of
complications in pregnancy, labor, and delivery.

The late pre-term and term infants differed significantly in 6 of the 7 categories, with the
remaining category trending toward an increase. Specifically, the adjusted risk for
developmental delay or disability was 36% higher in the late pre-term group, with the
other outcome measures increased between 10% and 19%. Notably, an analysis by week
of gestation again showed a gradual decline in the percentage of infants experiencing
poor outcomes with each completed week of pregnancy, which continued until  39 weeks.

Other recent works have shown an increased prevalence of behavioral problems in
infants born at <37 weeks’ gestation, as well as an increased likelihood for poor reading
performance and need for special education in elementary school in infants born at 34 to
36 weeks’ gestation.1,2 When these studies are evaluated in conjunction with the current
investigation by Morse and coworkers, there should be significant concern regarding the
long-term outcomes in these “healthy” pre-term infants.
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FINANCIAL IMPACT OF THE CARE OF LATE PRE-TERM
INFANTS IN EARLY CHILDHOOD

Clements KM, Barfield WD, Ayadi MF, Wilber N. Preterm birth–associated cost of early
intervention services: an analysis by gestational age. Pediatrics. 2007;119(4):e866-
e874. 

(For non-journal subscribers, an additional fee may apply for full text articles.)
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In another study of long-term outcomes in late pre-term infants, Clements and colleagues
examined the financial expense of providing early intervention services to former pre-term
infants in the first 3 years of life who were born in Massachusetts. The authors used the
Pregnancy to Early Life Longitudinal data system linked to early intervention claims to
compute the population-based use and costs of the services delivered to former pre-term
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infants born in the state from July 1999 to June 2000. A child was considered as having
received early intervention services when ≥1 claim had been recorded in the data set,
although a proportion of the infants (22%) received only a screening or intake
assessment. In this age-group, children who qualified for services had a >25%
developmental delay, an established medical condition such as cerebral palsy, or ≥4 risk
factors for developmental delay.

A total of 14,033 children across all gestational ages received services — accounting for
18.2% of the 76,901 surviving infants during that year — for a total cost of $66 million.
Premature infants, very and moderately pre-term, accounted for 9.9% of deliveries but
24% of the program costs.

The investigators categorized their moderately pre-term group as those infants born at 32
to 36 weeks’ gestation, and found increases in their use of services compared with term
infants (32.3% vs 16.0%, respectively), as well as the mean early intervention cost per
survivor ($1437 vs $71, respectively). This difference persisted in the older infants in the
moderately pre-term group (35 weeks’ gestation, 30.2%; 36 weeks’ gestation, 23.8%).
Both the very pre-term and moderately pre-term groups were more likely to qualify for
services on the basis of either multiple criteria or severe delay, although this was more
pronounced in the most premature infants.

Even at a gestational age of 37 weeks, the receipt of early intervention services (19.4%)
was higher than that in infants born at a full 40 weeks’ gestation (14.6%). Overall, the
authors found that from the 27th week of pregnancy onward, the necessity for early
intervention services decreased continually as gestational age increased.
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