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Abstract

Normal lung development follows a series of orchestrated events. Premature birth interrupts
normal in utero lung development, which results in significant alterations in lung function and
physiology. Increasingly, there are reports documenting the broad range of complications
experienced by infants aged 34 to 36 weeks' gestational age (GA). Our objective was to
summarize the evidence demonstrating respiratory system vulnerability in infants aged 34 to 36
weeks' GA and to review the developmental and physiologic principles that underlie this
vulnerability. A comprehensive search for studies that reported epidemiologic data and respiratory
morbidity was conducted on the PubMed, Medline, Ovid Biosis, and Embase databases from 2000
to 2009 by using medical subject headings “morbidity in late preterm infants,” “preterm infants
and lung development,” “prematurity and morbidity,” and “prematurity and lung development.”
Because the number of studies exclusive to infants aged 34 to 36 weeks' GA was limited, selected
studies also included infants aged 32 to 36 weeks' GA. Of the 24 studies identified, 16 were
retrospective population-based cohort studies; 8 studies were observational. These studies
consistently revealed that infants born at 32 to 36 weeks' GA, including infants of 34 to 36 weeks'
GA, experience substantial respiratory morbidity compared with term infants. Levels of morbidity
were, at times, comparable to those observed in very preterm infants. The developmental and
physiologic mechanisms that underlie the increased morbidity rate and alterations in respiratory
function are discussed. We also present evidence to demonstrate that the immaturity of the
respiratory system of infants 34 to 36 weeks' GA at birth results in increased morbidity in infancy
and leads to deficits in lung function that may persist into adulthood.
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The frequency of late-preterm (g4«7>—3697, weeks' gestational age [GA]) births has generally
increased in the United States over the past 2 decades, with a slight decline in 2007 (10.61%
in 1990, 12.80% in 2006, and 12.66% in 2007).} Infants of 34 to 36 weeks' GA comprise
~71% of all preterm births (9.03% overall in 2007 [~390 000 live births]).1 Late-preterm
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infants are often considered to be as physiologically and metabolically mature as term
infants and, therefore, at low risk for morbidity and mortality.2:3

A modest but growing body of literature has documented the broad range of complications
that late-preterm infants may experience. Compared with term infants, late-preterm infants
are at higher risk of developing medical complications and have higher rates of mortality
during infancy.4~8 Despite significant declines in the infant mortality rate over the last
decade, the infant mortality rate for late-preterm infants has remained three- to fivefold
higher than that for term infants.#=7:% Each weekly reduction in estimated GA at birth was
found to be associated with an increased risk of death.10 Late-preterm infants also face
increased morbidity before hospital discharge*11:12 and higher rates of hospital readmission
in the first months of life.511713 They are 4 times more likely than term infants to have >1
medical condition diagnosed and 3.5 times more likely to have >2 conditions diagnosed.
13,14 | ate-preterm infants are often viewed as normal and are discharged early (<2-night
hospital stay), which may be a factor in the increased overall risk of rehospitalization.12:15

In addition to numerous neonatal complications, reviewed by Engle et al'* and Makari and
Groothuis,16 a high incidence of respiratory distress has been reported as one of the most
common adverse outcomes among late-preterm infants.”-1721 There has been little
information on the long-term consequences of preterm birth and essentially none for late-
preterm birth beyond the first year of life. Results of a recent review on the respiratory
consequences of preterm birth suggested that many adverse respiratory consequences of
preterm birth are likely the result of persistent pulmonary structural abnormalities.?2

Differences in respiratory development between term and late-preterm infants may be
illustrated by the susceptibility of preterm infants (33-36 weeks' GA) to infection by such
pathogens as respiratory syncytial virus (RSV), for which infection rates among preterm
infants (33-36 weeks' GA) more resembled those of younger preterm infants (<33 weeks'
GA\) than those of term infants.23

The original purpose of this review was to summarize the recent literature regarding the
increased respiratory morbidity in preterm infants aged 34 to 36 weeks' GA, a population
that largely presents with a low incidence of surfactant-deficiency-related neonatal
respiratory problems. We then provide a physiologic explanation as to why these apparently
healthy infants have a high incidence of respiratory problems compared with term infants.
The physiologic and developmental characteristics underpinning the immediate vulnerability
of this population are described along with emerging evidence of long-term sequelae
associated with birth during the saccular stage of lung development. Additional background
is presented to provide context for the data summary and possible explanation of the results.
This review is intended to inform providers who make decisions regarding delivery of late-
preterm infants and who are involved in their care in early life of the higher risks faced by
these children.

The American Academy of Pediatrics and the American College of Obstetricians and
Gynecologists have defined late-preterm infants as those born between 340 and 365 weeks'
GA.24 As stated above, our original intent was to focus on this narrow subpopulatlon
however, for the purposes of this review, we have included studies for which outcomes in
infants born between 32 and 36 weeks' GA were reported, because many of the publications
of interest often included patient populations a few weeks below the 34- to 36-weeks' GA
window.

Online databases (PubMed, Medline, Ovid Biosis, Embase) from 2000 to 2009 were
searched by using medical subject headings “morbidity in late preterm infants” and “preterm
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infants and lung development” to identify studies that included infants of 34 to 36 weeks'
GA and reported >1 objective quantified outcome (including respiratory morbidity) without
regard for sample size. Additional Embase searches included Emtree Thesaurus and free
terms “prematurity and morbidity” and “prematurity and lung development.” The articles
selected were limited to those published during or after the year 2000 to capture studies that
examined lung morbidity such as bronchopulmonary dysplasia (BPD) using the more recent
definition from a workshop sponsored by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development, the National Heart, Lung, and Blood Institute, and
the Office of Rare Diseases.2® The primary objectives, study design and methods,
comparison populations, pertinent results (including morbidity and mortality rates of
appropriate studies), and study limitations were summarized. Twenty-four studies were
identified for inclusion in this review. A summary of the salient features of these studies is
provided in Table 1. To describe the underlying respiratory physiology, additional
publications are cited that were not limited to the years 2000-2009.

GENERAL MORBIDITY AND MORTALITY

A recent study?6 that involved 377 638 term and 26 170 late-preterm (34- to 36-week-GA)
infants revealed that 22.2% of the late-preterm infants versus 3.0% of the term infants had
newborn morbidity during their birth hospitalization. Preterm infants born at 35 and 36
weeks' GA had 10-fold (relative risk [RR]: 10.2 [95% confidence interval [CI]: 9.7-10.8)
and fivefold (RR: 4.8 [95% CI: 4.6-5.1]) higher risk of morbidity, respectively, compared
with infants born at 40 weeks' GA. Infants born at 34 weeks' GA had a 20-fold (RR: 20.6
[95% CI: 19.7-21.6]) higher risk of morbidity than infants born at 40 weeks' GA. Relative
morbidity increased approximately twofold with every week of decreasing GA earlier than
38 weeks' GA (Fig 1).28 In a retrospective study, Mclntire and Leveno’ showed neonatal
mortality rates of 1.1, 1.5, and 0.5 per 1000 live births at 34, 35, and 36 weeks' GA,
respectively, versus 0.2 per 1000 live births at 39 weeks' GA (P < .001). Pulver et al® and
Santos et al® showed that 34- to 36-week-GA infants were ~7 and 3 times more likely to die
in their first month compared with 39- to 42-week-GA and 37- to 41-week-GA infants,
respectively. Two retrospective analyses of records of infants born to US residents revealed
higher infant mortality rates in 34- to 36-week-GA infants compared with term infants (37—
41 and 40 weeks' GA, respectively).6:10

GENERAL RESPIRATORY MORBIDITY

All forms of respiratory morbidity, including transient tachypnea of the newborn, respiratory
distress syndrome, pneumonia, and pulmonary hypertension, affect late-preterm infants at a
higher rate than infants of more advanced GA.”+13:17:19,.20 A stydy by De Luca et al?”
revealed a strong age-related trend independent of delivery mode in respiratory morbidity
and a >10-fold increase in respiratory morbidity in infants of 34 weeks' GA compared with
term infants. A retrospective study in Canada by Kitsommart et al8 revealed significantly
worse respiratory outcomes (including prevalence of pneumothorax, rates of positive
pressure therapy, and mechanical ventilation assistance; all P <.001) in 1481 infants of 34
to 36 weeks' GA compared with 9332 infants of >37 weeks' GA.

INFECTIOUS RESPIRATORY MORBIDITY

Very preterm infants (<32 weeks' GA), infants with BPD or congenital heart disease, and
preterm infants born at 32 to 36 weeks' GA are particularly vulnerable to developing severe
lower respiratory tract infections that require frequent hospitalizations.13:19:29=32 A study by
Boyce et al?3 revealed that infants born at 33 to 36 weeks' GA had similar rates of admission
to the hospital for RSV infection as infants born at <33 weeks' GA, and there were
substantially higher rates of admission in these 2 populations compared with those in term
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infants. Infants born at 33 to 35 weeks' GA had hospital outcomes that were similar to or
worse than those of infants born at <32 weeks' GA regardless of whether RSV infection was
confirmed32 or the infants were hospitalized for nonspecific bronchiolitis.3* After
hospitalization for RSV, infants born at 32 to 36 weeks' GA experienced rehospitalization
rates twice as high, hospital stays 3 times as long, and outpatient visits twice as frequent as
infants of similar GA who were not hospitalized for RSV.3® Prematurity was also associated
with an increased risk of bronchiolitis-associated death. The odds ratio for death related to
RSV in 32- to 35-week-GA infants compared with term infants was ~5.36

BASIC MECHANISMS OF LUNG DEVELOPMENT

To understand the mechanisms that possibly explain the morbidity in infants born at 34 to 36
weeks' GA, it is necessary to understand lung physiology at this stage of their development.

Stages of Lung Development

Normal lung development is characterized by a carefully choreographed series of prenatal
and postnatal events that can be compromised by a variety of factors.3” Early growth and
development of the human lung is a continuous process that is highly variable between
individuals but, nonetheless, has traditionally been divided into 5 stages. The first is the
embryonic phase (26 days to 6 weeks' GA), followed by the pseudoglandular (6-16 weeks'
GA), canalicular (16-28 weeks' GA), saccular (28-36 weeks' GA), and alveolar (36 weeks'
GA to term) phases. This final phase continues into childhood.37:38 Interference with this
stepwise process of lung development during any of these phases may render the lung less
effective as a gas exchanger and more susceptible to disease.39

The formation of conducting airways and terminal bronchioles occurs during the canalicular
period and establishes the platform for gas exchange.3” Bronchial branching to roughly the
16th generation of the bronchial tree is complete by 16 weeks' GA.40:41 The 28- to 36-week-
GA period, termed the saccular period, is a transitional phase before full maturation of
alveoli occurs characterized by an increased number of saccules, primitive alveoli that
become gradually more effective as gas exchangers and may be sufficient in number and
quality to sustain life in the preterm infant. The alveolar walls in the saccular stage are more
compact and thick than the final thin walls of alveoli. They also include a double capillary
structure that is reduced to a single one in the mature alveolus. However, the blood vessels
are well oriented to the epithelium and protrude into air spaces, forming many thin air-blood
interfaces that are capable of carrying out the function of gas exchange that fully matures in
the alveolar phase.

Although alveoli may form during the saccular phase, mature alveoli are not uniformly
present until 36 weeks' GA.38 During the alveolar phase, the epithelium and interstitium
decrease in thickness, air-space walls proliferate, and the capillary network matures to its
final single-capillary network.38:42 Blood-vessel development, which begins at the earliest
stages, continues throughout lung development.#3 It is important to note that these structural
changes not only affect gas exchange but have profound effects on the mechanical properties
of the lung and, hence, the respiratory system as a whole. As noted, premature birth during
this critical period may result in significant alteration in lung function and physiology.38

Stable Functional Residual Capacity and Effectiveness of Gas Exchange

Maintenance of a stable and adequate functional residual capacity (FRC) is important for
securing stable gas exchange. FRC is determined by the balance between the opposing
forces of the chest wall and lung and, thus, is a direct function of their respective mechanical
properties. In early life, a compliant chest wall offers little outward recoil to the respiratory
system; thus, the elastic characteristics of the respiratory system approximate those of the
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lung. The lung is also more compliant (ie, has less elastance) in premature and newborn
infants. The lung becomes less compliant (ie, increases in elastance) as it undergoes
alveolarization, and the interstitium becomes more intricately woven.** Compliance of the
chest wall declines over the first 2 years of life.#>=8 In early life, the lung—chest-wall
equilibrium results in a mechanically determined FRC that is low relative to older children
and adults and is an important determinant of age-related vulnerability to hypoxia. To
circumvent this limitation, infants actively elevate their FRC by using laryngeal braking
during tidal expiration and by initiating inspiration at an end-expiratory volume above that
determined by the mechanical properties of the chest wall and lung.42:59 An additional
mechanism is persistence of inspiratory muscle activity into the expiratory phase, thereby
modulating the expiratory flow.>1

The transition from an actively maintained FRC to one that, as in adults and older children,
is mechanically determined occurs in term infants late in the first year and into the second
year of life.52 The timing of this transition coincides with the declining compliance
(stiffening) of the chest wall and its gradually increasing contribution to the overall
stabilization of the respiratory system (Fig 2).46:47 Chest-wall compliance is particularly
elevated in premature infants, with the slope of change toward reduced compliance being the
steepest between 28 and 40 weeks' GA compared with that at any stage in postnatal life (Fig
2A).%8 Thus, it is reasonable to assume that breathing with an overly compliant chest wall,
high lung compliance, and reduced number of air-containing units is a challenge for infants
delivered before term. The challenge of maintaining an FRC that permits stable gas
exchange is likely compounded in the premature infant by apneic events, which have been
shown to drive the system to critically low lung volumes and result in rapid desaturation.>?

Airway Tethering

An additional crucial mechanism that secures airway patency and, thus, adequate
maintenance of FRC is airway-tethering.53-56 Tethering is mediated through the elastic
components in alveolar walls that surround bronchi. These elastic fibers are anchored to
each other, creating an extended mesh that exerts a circumferential pull on the
intraparenchymal airways (Fig 3). This complex elastic network transmits tension from the
pleural surface to the individual bronchi. The tension on the system increases during
inspiration, resulting in increased airway caliber. The cross-sectional area of the airway
decreases with decline in lung volume. Thus, tethering couples lung-volume changes to
airway caliber. Tethering of airways is less effective in infants born prematurely, because
alveolarization and the associated development of the parenchymal elastic network are still
in the saccular stage of development at 32 to 36 weeks' GA. The effect of reduced tethering
is decreased airway stability, increased tendency to closure, increased airway resistance,
and, ultimately, a tendency to collapse alveolar units in the lung periphery.33—56

Changes in Lung Volume During the Last Trimester of Gestation

Total lung volume undergoes rapid changes during the last trimester of gestation.
Calculations by Langston et al8 revealed that at 30 weeks' GA, the lung volume is only
34% of the ultimate lung volume at mature birth, and at 34 weeks only reaches 47% of the
final volume at maturity. In contrast, the air-space walls decrease in thickness such that at 30
and 34 weeks, they are 164% (28 pm) and 135% (23 um), respectively, relative to the
ultimate wall thickness at mature birth (17 um). In parallel, dramatic increases in air-space
surface area occur. Surface area increases from 1.0 to 2.0 m? at 30 to 32 weeks' GA and to
3.0 to 4.0 m? at term. These volume changes likely have direct mechanical implications in
reducing the vulnerability caused by a low and unstable FRC. Maturation of the alveolar
network improves parenchymal elastance and, therefore, airway-tethering.
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ASSOCIATION OF PRETERM (30- TO 36-WEEK-GA) BIRTH WITHOUT
CLINICAL LUNG DISEASE WITH ALTERED LUNG DEVELOPMENT AND
FUNCTION

Lung development occurs mostly in utero. At term, the lung is in its final stage of
development: the alveolar stage.®’ Normal in utero lung development occurs according to a
highly programmed sequence in a stable milieu, one that is significantly more hypoxic
relative to the atmosphere (at a fraction of inspired oxygen of 2%-3% at 10-12 weeks' GA,
which rises to 8%-10% thereafter). This hypoxic environment represents the norm for lung
organogenesis, including vascular development.58-60 Early events of trophoblast
differentiation are oxygen regulated.5 It is now recognized that postnatal hyperoxia plays a
key role in the development of BPD.%2 Premature birth interrupts normal in utero lung
development and results in an early transition from the hypoxic intrauterine environment to
a comparatively hyperoxic atmospheric environment. An inhaled oxygen concentration of
21% represents significant hyperoxia for the preterm infant. Although this relative hyperoxia
has not been directly demonstrated to be an independent cause of altered lung maturation, it
may play a role in the subsequent development of chronic lung dysfunction.

There is increasing evidence to support the hypothesis that preterm delivery, even in the
absence of any neonatal respiratory disease, may have adverse effects on subsequent lung
growth and development and that these alterations may persist and worsen during the first 5
years of life.53768 Results of a limited number of studies have shown that premature infants
of varying GAs, but born without clinical lung disease, have altered pulmonary function.
Reduced airway function in the absence of neonatal respiratory disease was demonstrated at
1 year of age in a population of healthy infants born at 29 to 36 weeks' GA.%6 Mansell et al
reported lower airway conductances and maximum expiratory flows in a group of 5- to 7-
year-old children who had been born prematurely but without respiratory problems, which
suggests that airway dysfunction persists into childhood.®? These effects may not be
dissimilar to those experienced by very preterm infants (<32 weeks' GA), who have
generally been the focus of attention because of the severity of their respiratory problems
immediately after birth and frequent development of BPD.”0:71 A direct association between
premature birth and reduced expiratory flows was demonstrated recently by using the raised-
volume rapid-thoracic-compression technique.’2 In these studies, healthy preterm infants
(30-34 weeks' GA [mean: 33.4 weeks' GA]) studied at a mean corrected age of 8 weeks had
reduced airway flows in the presence of normal forced vital capacity (FVC) compared with
term infants. In a follow-up analysis, the reduced flows did not normalize in these children
by 16 months of age, thus demonstrating a lack of “catch-up” growth in airway function by
early in the second year of life (Fig 4).” This result led the authors to conclude that preterm
birth was associated with altered lung development. These longitudinal studies that used the
raised-volume method confirmed the results of previous studies that suggested a similar
conclusion.?2

The long-term significance of reduced airway function early in life was recently emphasized
in a longitudinal study that involved a large group of nonselected (enrolled at birth without
any specific criteria) infants who had participated in the Tucson Children's Respiratory
Study.”# The study's results showed that infants whose pulmonary function was in the lowest
quartile also had pulmonary function in the lowest quartile through the years of follow-up
until early adulthood.”* These findings in a normal unselected population suggest that level
of pulmonary function in early life tracks and changes little with growth. Data from Weiss
and Ware® have suggested that deficits in lung function during early life, especially if
associated with lower respiratory illnesses, increase the risk of chronic obstructive
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pulmonary disease later in adult life. Of particular importance in this context is the role
played by RSV, which is known to affect most children during their first year of life.32

DISCUSSION

Late-preterm infants (34‘;362 weeks' GA) account for nearly three-quarters of all preterm
births in the United States. However, until recently, the emphasis of most research has been
on the very preterm infant (<32 weeks' GA) or the very low birth weight infant (<1500 g). In
this review we focused on respiratory disorders, the predominant consequence, but not the
only system affected by, preterm birth (34—36 weeks' GA).7+18

A search of the literature from 2000 to 2009 identified 24 studies that reported respiratory
morbidity and mortality in populations that included late-preterm infants, 9 of which
specifically addressed the impact of RSV bronchiolitis in this population. The evidence
presented in the reviewed articles demonstrates that the respiratory vulnerability of preterm
infants born at 32 to 36 weeks' GA, usually considered to be at low risk for subsequent
respiratory problems, is more similar to that of very preterm infants (<32 weeks' GA) than of
term infants. Consequently, these infants are at high risk of developing medical
complications that result in higher rates of respiratory morbidity and mortality compared
with term infants, as demonstrated by their higher rates of hospital readmission shortly after
discharge and during the following 6 months, longer hospital stays, and increased health
care use compared with term infants.3%:36

Taken together, the results of the published studies suggest that birth at 32 to 36 weeks' GA
is a very important risk factor for respiratory morbidity during infancy and early childhood.
In this review, we made an attempt to describe physiologic and developmental phenomena
that underlie the vulnerability of infants to respiratory diseases. These mechanisms play a
role in all infants but are likely to be of particular importance in the preterm population. The
conclusions that we draw regarding late-preterm infant lung function are largely
extrapolated from physiologic principles and a developmental continuum between very
preterm and term infants. Infants born at 30 to 34 weeks' GA without clinical lung disease
have altered lung function that persists throughout infancy.”2:"3 The physiologic
deficiencies that result from incomplete lung development described above are likely to
account for the early morbidity and vulnerability to infection. With growth in the first to
second years of life, the physiologic instability of the chest wall and the inadequate
maintenance of lung volume likely correct themselves and should not account for the long-
term deficiencies. Therefore, it is apparent that an actual impairment of the potential for full
growth is related to early birth. The observation of a direct association between premature
birth and reduced forced expiratory flows’2 suggests that interruption of lung development
is an important determinant of the subsequent increase in respiratory morbidity. Deficits in
lung function during early life seem to persist until early adulthood’ and, if associated with
lower respiratory illnesses, may increase the risk of chronic obstructive pulmonary disease
later in life.”> These findings may have major implications for obstetric and neonatal care.

One of the consequences of altered lung development in preterm infants is their increased
vulnerability to RSV infection. Published data have suggested that preterm birth at 33 to 35
weeks' GA significantly increases the risk for severe outcomes among infants who are
hospitalized for RSV.33 RSV hospitalization in healthy premature (32- to 35-week-GA)
infants is associated with a significant increase in subsequent health care resource use.3®
Welliver et al”® proposed that the pathogenesis of viral lower respiratory tract infection is
primarily related to the failure to develop an adaptive cytotoxic T-lymphocyte response and
that clearance of the virus depends on inefficient innate immune responses mediated by
macrophages and neutrophils. The increased vulnerability to RSV in infants born at 32 to 36
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weeks' GA suggests that these maturation-dependent deficiencies may be more pronounced
in this age group.

The main limitation of the published retrospective analyses is the fact that information on
morbidity and mortality was obtained, in most cases, by review of hospital discharge records
linked to birth and death certificates, which may have introduced errors in the estimation of
GAs and in the accuracy of reporting. Also, the quality of care provided to preterm infants
born at 32 to 36 weeks' GA could not be retrospectively evaluated, which made it difficult to
compare data between the different studies. Because only published studies were examined,
the presence of publication bias cannot be excluded. Despite these limitations, perinatal
consequences of late-preterm birth in relation to morbidity and hospitalization ultimately
translated into a several-fold greater risk of neonatal mortality among late-preterm infants
born at 34 to 36 weeks' GA (1.5-7.9 deaths per 1000 live births) compared with term infants
(0.2—2.4 deaths per 1000 live births).4=7:9

Those involved in the care of late-preterm infants should recognize that these infants have,
on average, lower airway function than term infants and require diligent evaluation and
monitoring, during the neonatal period and throughout early childhood.””:"8

The various physiologic studies cited in this review included infants with a spectrum of GAs
that spanned prematurity from as early as 30 to 32 weeks' GA, with 34 to 36 weeks' GA
representing the upper range of study subjects. Although the demarcation that separated the
latter age group is blurred, we think that the conclusions from these studies apply to the
older GAs within the study population. Statements regarding long-term and short-term lung
function have to be viewed with these limitations in mind.

Substantial research efforts are needed to move toward a more scientific approach in this
population. Research attention should be directed to the newborn group without BPD, and
within this group, particular emphasis should be placed on late-preterm infants (born at 34—
36 weeks' GA). Data from Friedrich et al’2:73 reveal lung-function deficits in prematurely
born infants without BPD and require confirmation in larger populations. Although it seems
likely, it has not yet been demonstrated that the subset of those infants with the lowest lung
function is responsible for the majority of the observed later increase in morbidity in this
population. The lung function and clinical characteristics of the subset of infants at greatest
risk for subsequent morbidity and rehospitalization in the first years of life need to be
prospectively characterized. Identifying the characteristics of the group of infants at highest
risk for later morbidity will enable the development of trials of therapeutic interventions
intended to prevent late respiratory morbidity in these infants. Monoclonal antiviral
medications have been shown to be effective in reducing late respiratory morbidity in infants
born at <32 weeks' GA and infants with BPD. Definition of a target group of 32- to 36-
week-GA infants with high rates of rehospitalization resulting from respiratory illnesses
would make therapeutic trials of these agents feasible. It will also be important to better
characterize the nature and distribution of the lung abnormalities in these at-risk infants by
using additional functional measures (plethysmographic fractional lung volumes, lung-
clearance index, diffusion capacity) and lung-imaging techniques. The reviewed studies
cited herein focused on morbidities and mortality that occur shortly after birth or during the
ensuing 6 months. They did not address whether the clinical outcomes they evaluated had
long-term implications. Physiologic studies of the at-risk cohort should be extended to
childhood and beyond to investigate the long-term physiologic consequences of late-preterm
birth.
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FIGURE 1.

Proportion of infants with neonatal morbidity as a function of GA. Newborn morbidity was
assessed by using a combination of indicators on infants' hospital discharge record and
mortality data available from death certificates. Infants born at 34 to 35 weeks' GA were 7
times more likely to have neonatal morbidity than term infants. Infants born at 34 weeks'
GA had 20 times the risk of morbidity compared with infants born at 40 weeks' GA. Term
(37- to 41-week-GA) infants: n = 377 638; preterm (34- to 36-week-GA) infants: n = 26
170. (Adapted with permission from Shapiro-Mendoza CK, Tomashek KM, Kotelchuck M,
et al. Pediatrics. 2008;121[2]:e227. Available at:
www.pediatrics.org/cgi/content/full/121/2/e223.)
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FIGURE 2.

A, Correlation between GA and chest-wall compliance. (Reproduced with permission by
Blackwell Publishing, Ltd, from Gerhardt T, Bancalari E. Acta Paediatr Scand. 1980;69[3]:
361.) B, Correlation between age and chest-wall compliance. (Reproduced with permission
from Papastamelos C, Panitch HB, England SE, Allen JL. J Appl Physiol. 1995;78[1]:182,
copyright © 1995 American Physiologic Society.)
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FIGURE 3.

Airway-tethering. Tension is transmitted to the airway through the surrounding alveolar
septal walls. Airway diameter, and therefore expiratory flows, are increased at higher lung
volumes. (Reprinted with permission from Leff A, Schumacker PT. Respiratory Physiology:
Basics and Applications. Philadelphia, PA: W.B. Saunders Company; 1993:43.)
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FIGURE 4.

Growth rate of lung function in healthy preterm infants born at <35 weeks' GA (no
significant respiratory disease; patients were excluded if they required any mechanical
ventilation, supplemental oxygen for >48 hours, or treatment with surfactant). Shown are
flow-volume curves in preterm infants (solid line) versus control term group (dotted line),
quantified by the FVC and forced expiratory flow at 75% of FVC (forced expiratory flow
[FEF75]) (P < .05 between groups). Despite normal lung volume, preterm infants had
persistently reduced airflow through the age of 16 months. (Reprinted with permission from
Friedrich L, Pitrez PM, Stein RT, Goldani M, Tepper R, Jones MH. Am J Respir Crit Care
Med. 2007;176[12]:1272, copyright © 2007 American Thoracic Society.)
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