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hort-Term Outcomes of Infants Born at 35 and 36
eeks Gestation: We Need to Ask More Questions

abriel J. Escobar, MD,*,† Reese H. Clark, MD,‡ and John D. Greene, MA*

BACKGROUND Newborns who are 35 to 36 weeks gestation comprise 7.0% of all live births and
58.3% of all premature infants in the United States. They have been studied much less than
very low birth weight infants.
OBJECTIVE To examine available data permitting quantification of short-term hospital out-
comes among infants born at 35 and 36 weeks gestation.
DESIGN Review of existing published data and, where possible, re-analysis of existing data-
bases or retrospective cohort analyses.
SETTING Multiple hospitals and neonatal intensive care units in the United States and England.
PATIENTS Premature infant cohorts with infants whose dates of birth ranged from 1/1/98
through 6/30/04.
MAIN OUTCOME MEASURES 1) Death, 2) respiratory distress requiring some degree of in-hospital
respiratory support during the birth hospitalization, and 3) rehospitalization following
discharge home after the birth hospitalization.
RESULTS Newborns born at 35 and 36 weeks gestation experienced considerable mortality
and morbidity. Approximately 8% required supplemental oxygen support for at least 1 hour,
almost 3 times the rate found in infants born at >37 weeks. Among 35 to 36 week newborns
who progressed to respiratory failure and who survived to 6 hours of age and did not have
major congenital anomalies, the mortality rate was 0.8%. Following discharge from the birth
hospitalization, 35 to 36 week infants were much more likely to be rehospitalized than term
infants, and this increase was evident both within 14 days as well as within 15 to 182 days
after discharge. In addition, late preterm infants experienced multiple therapies, few of
which have been formally evaluated for safety or efficacy in this gestational age group.
CONCLUSIONS Greater attention needs to be paid to the management of late preterm infants.
In addition, it is important to conduct formal evaluations of the therapies and follow-up
strategies employed in caring for these infants.
Semin Perinatol 30:28-33 © 2006 Elsevier Inc. All rights reserved.
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rematurity is the major determinant of neonatal mortality
and morbidity. Much of the neonatology literature has

ocused on outcomes among very low birth weight (VLBW,
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1500 g at birth) infants, a group of infants who are usually
33 weeks gestation with the highest rates of mortality and
orbidity.1 Much less is known about premature infants at
igher gestations. In 2002, the neonatal mortality rate in term

nfants in the U.S. was 2.5/1000 live births, 6.9/1000 in ba-
ies born at 35 to 36 weeks, 18.5/1000 in babies born at 30
o 34 weeks, and 285.3/1000 among babies �30 weeks.2

owever, since there are so many more babies born at 30 to
6 weeks than at �30 weeks, these infants contribute sub-
tantially to the total numbers of neonatal deaths.3

It is also known that rates of a number of outcomes (eg,
erebral palsy,4-6 infection with respiratory syncytial virus,7

hort-term hospital morbidity,8 and rehospitalization9-11) in

remature infants 30-36 weeks are less than those found in
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Outcomes of babies at 35 and 36 weeks gestation 29
ery premature infants but significantly higher than those
ound in term infants.

One important subset of these infants is that consisting of
ewborns born very close to term. No commonly agreed on
efinition exists as to what constitutes being a “late preterm”

nfant. One operational criterion that could be employed is a
estational age that is associated with “normal” birth weight
�2500 g) and that would not warrant automatic admission
o a neonatal intensive care unit (NICU). No agreement exists
ith respect to this, either, although conversations with mul-

iple nursery directors suggest that, in most U.S. hospitals
ith NICUs, babies �35 weeks gestation are not likely to be

dmitted to a normal newborn setting. Although this defini-
ion appears to have some face validity, it is not based on
uantitative data and leaves many questions unanswered (eg,
hat happens, or what should happen, to 34 week infants
eighing �2500 g born at rural hospitals without a NICU?).
In this paper, we examine two problems affecting late pre-

erm infants: respiratory distress and rehospitalization. From
he outset, we recognize two important limitations. The first
s the absence of a standard definition for “late preterm.” The
econd is that much of the literature either only focuses on
ery premature infants or aggregates data on all premature
nfants into a single category. Thus, we will examine data
rom studies using several gestational age ranges: eg, 34 to 36,
4 to 35, 35 to 36, and 35 to 37 weeks. Our data sources will

nclude recently published studies by us and by others, re-
nalyzed data from a study conducted by the Pediatrix Med-
cal Group, as well as some recent data from the Kaiser Per-

anente Medical Care Program’s Northern California
egion.

ethods
tudy Populations
ur study populations consist of cohorts of late preterm in-

ants as reported in recent studies. We restricted ourselves to
hose studies that (1) did not limit reporting of premature
nfant outcomes to a single gestational age category (�37
eeks) and (2) permitted some inference as to the outcomes

xperienced by babies �34 weeks gestation. We were also
ble to re-analyze data from a recently published study12 so as
o isolate the outcomes of late preterm infants. Lastly, we
onducted some analyses involving a cohort of 47,495 new-
orns born between 1/1/02 and 6/30/04 at 6 Kaiser Perma-
ente hospitals with a NICU who met the following criteria:
1) were born in the hospital at the Kaiser Permanente Med-
cal Centers in Hayward, Oakland, Sacramento, San Fran-
isco, Santa Clara, and Walnut Creek; (2) had a gestational
ge �33 weeks; and (3) survived �2 hours.

nstitutional Review Board Approval
ll of the studies included in this report were approved by the

nstitutional Review Boards with jurisdiction over the partic-

pating sites and investigators. d
ata Collection
ata collection methods for the cohort of �34 week infants
ith respiratory failure were described in the original re-
ort.12 Data collection methods for the analyses involving the
aiser Permanente cohort have been described pre-
iously.9,10,13

tatistical Analysis
e employed logistic regression to conduct the analyses in-

olving the cohort of infants with respiratory failure as well as
or the analyses involving the occurrence of various forms of
espiratory distress in the Kaiser Permanente cohort. For
nalyses involving rehospitalization in the Kaiser Permanente
ohort, we employed Cox proportional hazards models to
ontrol for varying lengths of follow-up due to patients leav-
ng the health plan.14 If a mother had more than one baby in
he Kaiser Permanente cohort, we randomly selected only
ne infant for inclusion in the analyses. We conducted all
nalyses using SAS.15

esults
espiratory Distress
he most comprehensive analyses of the epidemiology of
espiratory distress are the geographically based studies in
weden, which reported on babies born in the late 1970s16-18

nd Italy, which reported on babies born in the mid
990s.19-21 Both groups of studies found that the rate of oc-
urrence of any form of respiratory distress increased dramat-
cally among babies born at less than 37 weeks. The results
eported by these studies are similar to those found in the
nalysis of the much more recent Kaiser Permanente cohort.
or example, Rubaltelli and coworkers20 reported the follow-

ng rates of occurrence of any respiratory distress: 20.6%
mong babies born at 33 to 34 weeks, 7.3% among 35 to 36
eek babies, and 0.6% among babies born at 37 to 42 weeks;

n the Kaiser Permanente cohort, these frequencies were
2.1%, 8.3%, and 2.9%, respectively.
Table 1 shows the adjusted odds ratios (AORs) and 95%

onfidence intervals for statistically significant predictors in
ultivariate models for the occurrence of three outcomes

mong the Kaiser Permanente cohort: receipt of supplemen-
al oxygen for �1 hour, having a Score for Neonatal Acute
hysiology (version II)22 � 9, or experiencing any form of
ssisted ventilation. All three models employed the same set
f predictors: maternal age; presence of a maternal problem
chorioamnionitis, abruptio placentae, placenta previa, hy-
ertension, premature rupture of membranes, oligohydram-
ios, and/or polyhydramnios); gestational age; infant sex;
ace; small for gestational age status; and four birth weight
anges. These predictors did not reach significance: maternal
ge, multiple gestation, birth weight, and race. The table
hows the substantial impact of decreasing gestation on the
ikelihood of having any respiratory distress, significant
hysiologic derangement, or experiencing assisted ventila-
ion. It also shows that the increased risk associated with

ecreasing gestational age is apparent at 37 weeks. For exam-
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30 G.J. Escobar, R.H. Clark, and J.D. Greene
le, compared with babies with gestational ages of 38 to 40
eeks, babies born at 37 weeks were twice as likely to be
entilated, whereas babies born at 36 weeks were five times
s likely, and babies born at 35 weeks, nine times as likely.

reatment Modalities Experienced by
abies Progressing to Respiratory Failure
lark and coworkers reported that the three most com-
on diagnoses in newborns with respiratory failure re-

uiring assisted ventilation were respiratory distress syn-
rome, meconium aspiration syndrome, and pneumonia/
epsis. Among infants 37 to 42 weeks gestation, the
requencies of these three diagnoses were 43%, 9.7%, and
.3%, respectively. In contrast, among infants 35 to 36
eeks, the frequencies of these diagnoses were 62%,
.3%, and 8%, respectively.
Among 1011 intubated ventilated late preterm neonates,

64 (85%) received at least one adjunctive therapy (extra
uid volume, surfactant, vasopressors, high frequency venti-

ation, inhaled nitric oxide, neuromuscular blockade, alka-
inization, or extracorporeal membrane oxygenation), 521
52%) received at least 2 of these therapies, and 304 (30%) at
east 3. Surfactant was used in 558 (55%) patients, vasopres-
ors in 353 (35%), high-frequency ventilation in 206 (20%),
nhaled nitric oxide in 172 (17%), neuromuscular blockade
n 167 (17%), alkalosis in 37 (3.6%), and extracorporeal

embrane oxygenation in 36 (3.6%).

ehospitalization
small number of studies have reported short-term rehospi-

alization rates among late preterm infants (ie, within 2-4

able 1 Predictors Reaching Statistical Significance in Three

Model W

Predictor†
Baby Received Supplemental

Oxygen for >1 Hour

aesarean
delivery

1.91 (1.67–2.19)

aternal problem‡ 1.58 (1.36–1.82)
ale sex 1.25 (1.11–1.42)
mall for gestation 2.14 (1.46–3.14)
estational age
33 weeks 28.8 (20.4–40.6)
34 weeks 18.67 (14.0–24.9)
35 weeks 8.76 (6.77–11.4)
36 weeks 4.95 (3.95–6.21)
37 weeks 2.04 (1.61–2.59)
38–40 weeks Reference
41� weeks 1.12 (0.91–1.38)

ootnotes
See text for details regarding these three multivariate models.
Reference group for cesarean section, maternal problem, and sm

cesarean section, the reference group was vaginal birth). For se
Maternal problem indicates that the baby’s mother had at least one

hypertension, premature rupture of membranes, oligohydramnio
eeks of discharge from the birth hospitalization).9-11 These u
tudies concur in a number of respects. First, the most com-
on reasons for rehospitalization among late preterm infants

re similar to those encountered among term infants: jaun-
ice, feeding difficulties, and/or dehydration. Second, rehos-
italization rates are much higher among late preterm infants
han in term infants. For example, the rehospitalization rate
ithin 4 weeks in Oddie’s study in England was 2.4% among
abies �40 weeks, 3.4% among babies 38 to 40 weeks, and
.3% among babies 35 to 37 weeks gestation. Third, male

nfants are more likely to be rehospitalized. Finally, practice
ariation is widespread, and considerable residual variation
cross medical centers persists in multivariate models that
ontrolled for many predictors.

However, these studies do not concur in some other
espects. For example, Oddie reported that early newborn
ischarge was protective with respect to rehospitalization.
n contrast, in Escobar’s study of NICU graduates, shorter
engths of stay were associated with increased rehospital-
zation rates among babies 33 to 36 weeks gestation. Es-
obar and coworkers also found that 34 to 36 week gesta-
ion infants who were never in the NICU were much more
ikely to be rehospitalized than all other infant groups
including babies born at � 34 weeks gestation).

Much less is known about rehospitalization among late
reterm infants after the immediate neonatal period, and we
ere unable to locate published studies permitting disaggre-
ation of outcomes among different subsets of babies �37
eeks. Consequently, we conducted some preliminary anal-
ses looking at rehospitalization within 15 to 182 days after
ischarge using the Kaiser Permanente cohort. Of the 47,495
abies in the cohort, we established that 26,703 had contin-

ariate Models*

e Outcome of Interest was:

by Had 12-hour SNAP-II >9

Baby Experienced
Assisted

Ventilation

2.00 (1.67–2.38) 2.08 (1.80–2.41)

1.77 (1.47–2.14) 1.48 (1.27–1.73)
1.50 (1.17–1.93) 1.32 (1.15–1.51)
2.13 (1.35–3.35) 1.72 (1.13–2.62)

11.0 (6.67–18.0) 31.9 (22.5–45.3)
16.20 (11.2–23.5) 19.8 (14.7–26.6)
6.81 (4.80–9.67) 9.04 (6.88–11.9)
3.94 (2.89–5.37) 5.24 (4.11–6.68)
2.06 (1.51–2.80) 2.35 (1.84–3.02)

Reference Reference
1.50 (1.17–1.93) 1.27 (1.01–1.60)

gestational age status was the absence of the predictor (eg, for
le sex was reference.
e conditions: chorioamnionitis, abruptio placentae, placenta previa,
or polyhydramnios.
Multiv

her

Ba

all for
x, fema
of thes
ous membership during the first 6 months of life and were
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Outcomes of babies at 35 and 36 weeks gestation 31
hus eligible for analyses involving the occurrence of at least
rehospitalization. The overall crude rehospitalization rate
as 4.6% and increased as gestational age decreased: it was
.6% among babies �41 weeks, 4.4% among babies 38 to 40
eeks, 5.6% among babies 37 weeks, 7.3% among babies 36
eeks, 6.8% among babies 35 weeks, 9.1% among babies 34
eeks, and 9.3% among babies 33 weeks gestation.
Table 2 shows the result of a Cox proportional hazards
odel for the occurrence of at least one rehospitalization

etween 15 and 182 days following discharge from the birth
ospitalization. In this analysis, only the following predictors
ad significantly elevated hazard ratios: gestational age of 36

able 2 Cox Proportional Hazards Model for Rehospitalization
5 to 182 Days after Discharge from Birth Hospitalization

Predictor Hazard Ratio 95% CI

aternal Age
Age < 18 Years 0.89 0.51–1.54
Age 18 to 34 Years Ref
Age 35� Years 0.85 0.72–1.01
ultiple Gestation
Yes 1.18 0.76–1.82
No Ref
estational Age
GA 33 wks 1.40 0.72–2.74
GA 34 wks 1.34 0.79–2.26
GA 35 wks 1.19 0.77–1.84
GA 36 wks 1.67 1.23–2.25
GA 37 wks 1.17 0.90–1.51
GA 38–40 wks Ref
GA 41� wks 0.75 0.61–0.93

nfant Sex
Male 1.24 1.08–1.42
Female Ref

ace
African American 0.66 0.49–0.90
Asian 0.72 0.60–0.88
Hispanic 1.17 0.99–1.38
Other 0.97 0.76–1.24
White Ref

mall for Gestational Age
(< 5th percentile)

Yes 1.36 0.81–2.29
No Ref

irthweight
< 2000 grams 0.84 0.42–1.67
2000–2499 grams 1.11 0.75–1.64
2500–3999 grams Ref
> 4000 grams 0.83 0.68–1.00

entilation or Oxygen
Support

No ventilation or
oxygen in neonatal
period

Ref

Oxygen but no
assisted ventilation
in neonatal period

1.57 0.95–2.59

Assisted ventilation in
neonatal period

2.04 1.50–2.79
eeks (1.67, 95% confidence interval [CI], 1.23–2.25); male t
ex (1.24, 95% CI, 1.08–1.42); and use of assisted ventila-
ion in the neonatal period (2.04, 95% CI, 1.50–2.79). Ges-
ational age of �41 weeks was protective (0.75, 95% CI,
.61–0.93).

iscussion
t is clear from both the limited literature base as well as from
ur exploratory analyses that late preterm infants, however
efined, experience greater mortality and morbidity than
erm infants. In the immediate neonatal period, one of the
ajor drivers for increased mortality and morbidity is the
resence of various forms of respiratory distress, of which the
ost common forms are respiratory distress syndrome,
neumonia, and a variety of ill-defined conditions usually

umped under the category known as “transient tachypnea of
he newborn.” Meconium aspiration syndrome is less com-
on in late preterm neonates than in term infants.
Our focus on respiratory disorders has been driven by the

vailability of data and does not mean that these are the only
roblems encountered by these infants in the immediate neo-
atal period. Wang and coworkers documented increased
ates of other problems in late preterm infants (eg, hypother-
ia and evaluation for suspected infection).8

With respect to respiratory disorders, available data
trongly support a number of conclusions. First, although the
ype of disorders varies, the risk of experiencing respiratory
isorders in general rises steeply as gestational age falls below
8 weeks. This increased risk persists even after controlling
or infant sex, maternal conditions, multiple gestation, race,
irth weight, and small for gestational age status. Given this
levated risk, it is essential that increased research attention
e given to the epidemiology of respiratory disorders among

nfants who are 34 to 37 weeks gestation.
Second, although it is clear that increasing prematurity

nd severity of illness strongly affect long-term consequences
f respiratory disorders, we are in a completely different sit-
ation with respect to understanding the role played by spe-
ific treatments provided to late preterm neonates with respi-
atory failure. Use of therapies such as volume expansion,
yperventilation, alkalinization, and paralysis is common.
owever, none of these therapies has been subjected to a

andomized clinical trial, and their safety or efficacy has
ever been established. Some of these adjunctive therapies
inhaled nitric oxide, high frequency ventilation, and surfac-
ant) have been studied more completely but would benefit
rom further study, particularly with respect to late preterm
nfants. It is also important to keep in mind that our data
how that, although the use of adjunctive therapies such as
nhaled nitric oxide is based on randomized trial data, it is
lso very common to use other therapies, which have not
een properly evaluated, in conjunction with proven thera-
ies. For example, use of alkalinization (by hyperventilation
nd/or chemical infusion), paralysis, and volume expansion
n late preterm infants receiving inhaled nitric oxide is com-

on23,24 but has never been studied in randomized trials.
nderstanding the effect and safety profile of these “adjunc-
ive” therapies on the outcome and cost of neonatal care is
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32 G.J. Escobar, R.H. Clark, and J.D. Greene
mportant. Because of the high costs of research involving
ewborns with respiratory failure, close attention must be
aid to study design, and case-control methods may need to
e employed to study some rare outcomes.
Given the substantial proportion of late preterm infants

ith respiratory disorders and respiratory failure, not to
ention the sizeable numbers of these infants, failure to con-
uct more studies exploring the association between treat-
ents and long-term outcomes (particularly neurodevelop-
ental ones) would be inexcusable.
With respect to rehospitalization, available data strongly

upport two conclusions. First, there can be no doubt that
ate preterm infants are more likely to be rehospitalized than
erm infants, both immediately after birth hospitalization dis-
harge as well as in the following 6 months. Second, a num-
er of additional predictors also play a role. These include
ale sex and the occurrence of assisted ventilation in the
eonatal period.
However, existing rehospitalization data also raise a num-

er of questions that also merit future study. The first ques-
ion is: what is the effect of NICU admission on the manage-
ent and subsequent rehospitalization of late preterm

nfants? Some of the data from Oddie and coworkers and
scobar and coworkers suggest, but do not prove, that spe-
ific follow-up programs are protective. They also suggest
hat, at least in some cases, admission to the NICU also may
e protective. The protective effect of NICU admission on

ate preterm infants could be occurring in a couple of ways.
ne possible effect is that, to the extent that NICU staff re-

ains a baby in the NICU through an initial transition period,
hey may be ensuring that early jaundice and feeding diffi-
ulties are identified and treated. NICU staff may also be
roviding services that are equivalent to those provided by
ollow-up programs. To fully address this question would
equire greater knowledge of exactly how these babies are
reated in different settings and by different practitioners.

A second question is related to our observations on the
eterogeneity of interventions used in late preterm infants
ith respiratory disorders: are some of these interventions
ore likely to result in short-, medium-, and long-term con-

equences that could lead to a need for rehospitalization? If
his were the case, the decision to employ such therapies
ould need to be based on cost-benefit analyses that in-

luded postdischarge outcomes, not just in-hospital mea-
ures. For example, if it were known that use of paralytic
gents was strongly associated with later feeding difficulties,
ne might design randomized trials comparing paralysis to
ther sedation approaches. Such trials might include quanti-
cation of rehospitalizations and could control for gestational
ge.

As noted in our introduction, it is very clear that, for many
mportant neonatal outcomes, two important gradients exist.
he first is quantitative and is characterized by an exponen-

ial decrease in the numbers of babies as gestational age de-
reases. However, adverse outcomes follow a gradient in the
pposite direction, with increasing rates as gestational age
ecreases. Thus, for certain outcomes, the absolute burden to

ociety may be greater among infants who are not as prema- i
ure because there are more such infants. Consideration of
hese gradients suggests that a broader conceptual shift needs
o be made in perinatal epidemiology. Such a shift needs to
onsider three major issues: (1) in developed nations, it is
ecoming increasingly common to have more accurate ges-
ational age measures available; (2) when analyzing any data-
et, use of cutoffs (particularly dichotomous ones) for con-
inuous data entails loss of information; and (3) given that
estational age gradients exist, and given that previous stud-
es may not have considered the contribution of moderate
rematurity to overall outcomes rates, it may be necessary to
e-examine certain existing assumptions about the costs and
enefits of specific interventions. For example, if one bases
ertain obstetric interventions only on the outcomes experi-
nced by very low birth weight infants, one may come to
rroneous conclusions about the value or risk of such inter-
entions among women presenting with preterm labor and
oderate prematurity.
Taken together with our findings, these considerations

ighlight the need to devote more research attention to late
reterm infants and their mothers. Although they do not
xperience as much morbidity as very premature infants,
heir numbers are much greater. Key areas for future research
nclude the following:

. Prolongation of pregnancy in noninfected mothers
he fact that so many late preterm infants require some form
f assisted ventilation suggests that assessment of the value of
pecific obstetric interventions aimed at prolonging preg-
ancy should take these infants’ outcomes into account. For
xample, not all obstetricians would attempt tocolysis at 33
o 34 weeks gestation.

. Specific management strategies
n the absence of specific, evidence-based guidelines, which
hould include rational discharge planning strategies, it is
onceivable that both clinicians and insurers may use tacit or
de facto” guidelines that treat these infants based on their
irth weight (and/or apparent resemblance to term infants) as
ell as presumed asymptomatic status. This could lead some

nfants to be treated, inappropriately, using guidelines de-
ned for term infants. Professional societies such as the
merican Academy of Pediatrics should take an active role in

he definition of gestational age-specific guidelines for late
reterm infants.

. Support for families
ince these infants are perceived as being at low risk, they
ay not be eligible for specialized programs that have been
ade available for very premature or very low birth weight

nfants. In particular, follow-up of these patients in the out-
atient clinic should be more frequent with close attention to
ydration, degree of hyperbilirubinemia, and development
f viral illnesses.

. Methodology
greater proportion of neonatal outcome studies should in-

lude infants of all gestations so that, when data are analyzed,
ey predictors (eg, gestational age, birth weight, severity of
llness) can be analyzed as continuous variables rather than
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Outcomes of babies at 35 and 36 weeks gestation 33
sing arbitrary cutoffs (eg, �1500 g). Such study designs
ight need to incorporate differential sampling fractions for

abies of different gestations.

. Randomized trials
reater investment in clinical trails that evaluate the safety
nd efficacy of disease-specific health care interventions for
he near to term neonate with significant respiratory failure
re urgently needed. Such investment should include efforts
o prevent respiratory distress, as has been recently done for
erm infants born by elective cesarean section.25
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Summary Points
● Available data strongly support the assertion that

“late preterm” infants (34 and 36 6/7 week gestation)
have higher risks for mortality and morbidity com-
pared with term infants (37 completed weeks
through 42 completed weeks).

● Acute respiratory distress is the most common clini-
cal entity seen in late preterm infants. This risk drops
sharply beginning at 36 completed weeks of gesta-
tion.

● Late preterm infants also experience higher rates of
re-hospitalization, both in the immediate postnatal
period following initial discharge, as well later in in-
fancy.

● Considerable heterogeneity exists with respect to the
management of late preterm infants who have respi-
ratory failure. Many of the interventions used on
these infants have not been formally tested.

● Research is needed for strategies to prevent late pre-
term births, and to optimize their postnatal care.
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