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Summary increased rates of interventionyttihe fact that rates oewy

preterm and extremely preterm births are increasing

1. Approximately 8% of Australig’ 250,000 annual gemonstrates that changes in clinical management are not
births occur preterm (prior to 37 weeks completeghe sole cause.

gestation). Preterm iafts represent 75% of all neonatal
deaths in Australia, with the vast majority of these deatfithe causes of preterm birth

due to pulmonary disease. _
2. The respiratory consequences for seoks of In 1944, Eastman recognised thaonly when the

preterm birth include the immediate challenges of breathirfgCtors causing prematurity are clearly understood, can any
with underdeeloped lungs, usually manifest as respiratory/télligent attempt at prevention be made”. Our failure to
distress syndrome (RDS), and, in the long-term, witHred'CF and preent preterm births, despite a great deal of
persisting pulmonary abnormalities. Therapies tovgre eﬁqrt in the interening decades, reflects the compéad
neonatal lung disease wopermit survia of preterm Vaied causes.

infants born as early as 22 weeks’ gestational age, but not 1here are a number aidtors associated with preterm
without consequences. birth: multiple gestation, previous preterm birth,

3. Preterm in&nts are at risk of @eloping chronic maternal/fetal complications, Mo socio-economic status,
lung disease/bronchopulmonary dysplasia (BPDjhe drug use and assisted reproduction all increase the risk of
lungs of infints dying from BPD are inflamed andvéa preterm birth. The mechanisms responsible for these well-

fewer, larger alveoli than normal, and abnormal pu|monar9stablished associations are incompletely understood. In
vascular deelopment. There ne is a gowing appreciation €cent years, elucidation of at least some of the mechanisms

of the contrilation of intrauterine inflammation to the Of Preterm birth has appeared promising as a result of the
aetiology of BPD. growing  recognition that intrauterine infection or

4. Impaired airvay function is commonly reported in inflammation is common in cases of preterm Hirth.
follow-up studies of children born preterm. DecreaseFI
expiratory flov rates hae been associated with preterm
birth per se but airway function appears more affected in The cost of preterm birth is immensBata from the
survivors of RDS and BPD. Obsetions in surwors of USA indicate that babies born preterm (9% wué Itirths)
BPD suggest persisting abnormalities in the structure of tagcount for $5.8 billion (57%) of the total $10.2 billion
lung parenchyma and airways. annual cost of neonatal care in that couhtfosts for

5. Folow-up studies of preterm infants intoindividual infants @ary according to gestational age (it costs
adulthood are lacking, as areperimental examinations of approximately $250,000 to support a single infant born at
the long-term pysiological and anatomical effects of 25 weeks) but the rates of preterm biréimywin a reciprocal
preterm birth. Both are necessary to understand the causeghion, such that (in the USA) total costs are $38,000,000
of the long-term respiratory consequences of preterm biriar all deliveries in each gestational week age group from
25 to 36 week8.The high costs of support foxteemely
preterm and very preterm infants parallel their requirements

Preterm birth is defined as birth before 37 completd@" ventilatory support.
weeks of gestation, and can be further defined accordingégrly postnatal respiratory consequences of preterm
severity: very preterm births are those before 34 Week%irth
gestation and »@remely preterm births occur before 27
weeks! Delivery before 22 completed weeks of gestation is Respiratory disease is the single greatest cause of
usually fatal but there are reports of infants whaoeha jliness and death in preterm amits. The immediate
survived hirth after 21 weeks and 5 days of gestafion.  respiratory consequences of preterm birth can result from
In Australia, preterm birth occurs in 7.9% ofpulmonary prematurityper se, abnormalities in prenatal
pregnancies (rates for individual states vary from 7.1-11%)ung devdlopment arising from dctors associated with

representing 20,000 of the coun&y50,000 annual birth%. preterm birth, and the medical management of the preterm
The incidence of preterm birth is similar in mosveeped infant.

countries. In recent years there has been a trend for preterm
birth rates to increaseThis is likely due, in part, to

he cost of preterm birth

Definition and incidence of preterm birth
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Respiratory distress syndrome to preterm neonates reduces theresty of RDS, the

_ ) ) progression of respiratory disease, and the incidence of
Structural and biochemical maturation of the feta}gg¢9-11

lung does not normally occur until late in gestation.

Surfactant deficienc and structural immaturity of the Induction of preterm lung maturation

preterm lung both contribute to neonatal respiratory distress ] ] ) ) ]

syndrome (RDS); this is reflected by the association Evidence from experimental studies in animals

between gestational age at dety and the incidence of |nd|cate§ that cortlcoster0|d—|n.duced .func.tlonal

RDS® Symptoms of RDS include tachypnea, chesllw ‘maturation’ of the preterm Igngs is du_e primarily to

retraction and yanosis, and the chest has a ‘ground g|a5§trugtural changes and that increases  in s_urfactant are

appearance on X-Ray. relayvely slqwer to occur and exist only tran.S|.entIy after
Extremely preterm birth corresponds with thé:qrthoster0|d _treatmer%?. Thus, surfactant deficiepqthe

canalicular stage of lung dg@opment (see Figure), during principal contributor to RDS) may not be adequately treated

which vascularisation of the dense mesenchyme is orffy antenatal corticosteroids; thect that RDS is prented
beginning and there is little differentiation of aww by antenatal corticosteroids in only 50% of cases reflects

epithelial cells into types | (across which gaslenge this. _

occurs) and Il (the surfactant-producing cells). Very preterm  1he  structural  changes induced by antenatal
birth coincides with the saccular stage of lungetigoment; corticosteroid treatment result in thinner alveolar walls and
the pulmonary blood/air barrier has only commencel§Wer larger alveoli than no.rmalﬁ Although beneficial in
thinning at this stage,ascularisation is incomplete, andthe immediate neonatal period, these structufacef may
type Il epithelial cells are immatufeNeither of these have Iongefterm adversg consequences because this
developmental stages is consistent with independeﬁlpenOWpe is characteristic of the chronic neonatal lung

ventilation and the vast majority of @fits born at these disease, bronchopulmonary dysplasia (BPD). Meta-analysis
ages require ventilatory suppért. of available data from 3 randomised controlled trials

certainly demonstrates that antenatal corticosteroids do not
reduce the risk of chronic lung dise&sEhe ideal stragy
for inducing preterm lung maturation remains to be
ar discovered.
The recent realisation that myapreterm births are
associated with intrauterine inflammation, and that
- intrauterine infection/inflammation is associated with a
reduced risk of RDS in some cohorts of aimfs415
prompted us to examine the effects of intrauterine
inflammation on lung maturation in sheep. Using a model
of chorioamnionitis, based on intra-amniotic administration
- Ps glandular of lipopolysaccharide (LPS) fror. coli, we have shown
that fetal lung inflammation causes striking immments
. in preterm lung functio®® due primarily to increases in
I Embryonic pulmonary sudctant’ (remodelling of the Ilung
parenclyma also occurs). Lung ‘maturation’ induced by
intra-amniotic LPS is likely due to locally-produced
mediators of the inflammatory respotfsacting directly on
0 20 40 60 80 100 the lungsl® rather than by increases in endogenous
% gestation corticosteroid€%2! Intra-amniotic injection of the pro-
inflammatory cytokine interleukin-1 (IL-1) has similar
inflammatory and ‘maturational’ fefcts on the preterm
lungs to intra-amniotic LP% but tumour necrosisactor
alpha (TNFe) does nof3 Activation of distinct
‘maturational’  pathways by inflammation and
corticosteroids is suggested by augmentation of responses
when treatments are combin&dhowever, observational
data from humans suggests that the reduced risk of RDS
Prevention of respiratory distress syndrome associated with chorioamnionitis is not further reduced by
corticosteroid treatmer®. Exploitation of inflammatory
Two stratgies used in perinatal medicine vBa pathvays for inducing preterm lung ‘maturation’ in humans
contrituted drastically to reducing the incidence and impa‘étppears a distant possibility; the reduced risk of RDS
of RDS. Administration of antenatal corticosteroids tQgssociated with inflammation is accompanied by an
women at risk of preterm deéry reduces the risk of RDS jncreased risk of BPD in humatsand we hee doserved
in their ofspring by [(50%¢& and surfactant administration BPD-like changes in lung structure and the saatant

Saccul

Canalicular

Figure 1. Stages of structural lung development. Shaded
vertical bars indicate periods of gestation corresponding to
preterm birth (light shading), very preterm birth (medium
shading) or extremely preterm birth (dark shading).
Adapted from Pringle, 1986.”
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system in preterm lambs after exposure to intrauterirgudies of preterm baboonsveahown that high frequenc

inflammation?® oscillatory ventilation (HFOV) results in better respiratory
) function and less inflammation than gentle pesifressure
Bronchopulmonary dysplasia ventilation (with lov oxygen leels and volumes), W

iWhibition of alwolarisation occurred using both
: trategies® Clinical data are consistent with these findings;
1967 by Northway et al.?” as a form of chronic lung S ) '

disease of preterm infants, attributable to the injurio eta-analysis of randomised controlled trials haswsho

effects of high oxygen iels and airway pressures used"& HFQY/ doe; not reduce the risk Of.BﬁE.)' . .
during mechanicalentilation?” Experimental studies using Cqmpanson of rate_s O.f BPD in téfent intensie
preterm baboons established the role of these factors in figge units |n.North Ame_rl_ca_ln the 1980s whd that the
aetiology and pathology of BP.This classical form of use of_cont|_nuo.us posre anway pressure (CPAP) at
BPD is rare nw, because of the use of antenatafommb'a Unversity was associated with the best outcomes

corticosteroids, surfactant and gentkntilation stratgies. or preterm infants and the lowest |nC|dence_ of EP Dhis
Instead, a ‘ne BPD’, defined as the requirement forobser\aemon led to a number of recenxperimental and

supplemental oxygen at 36 weeks’ post-conceptiona?gaged'n'cal investigations of CPAP for support of preterm

has emerged; fafcting the most premature of infants. Thes?eonf”‘t?.s' Qur own Vpst|g_at|ons hae siown that there is
infants may hee vay mild or no respiratory disease ess initial inflammation in the lungs of lambs supported

initially, but deselop increasing needs for entilatory lfron;) ﬁ'rt';] byt C?Z thanf gpArr;echan|ca:Iy$nt|late?
support; pathological irestigation in fital cases xeals ST) S: h:ece;e Sut'ef doth tit support tor E)rg errtr;]
lungs with faver, larger aheoli than controls and impaired aboons emonstrated that 1S use 1S associated wi
vascular deelopment?® This ‘nav BPD' phenotype is avodagzce of significant Ipng diseaseenthe fII’SF postnatal
obsened in ventilated ery premature baboons, despite thénomh' Perhaps m_ost importanighese StUd'eS. shed
use of surfactant and rehatly gentle ventilatiory° that lung structure in 28 <_jay-old baboons, ieéid \ery

It is becoming increasingly evident that BPD is oftef"eteM and supported with &P, was comparable with

associated with pulmonary inflammation originating during]at of Za group of urentilated late-gestation fgtal
fetal life 2931 Tracheal colonisation by microganisms at aboong? These results demonstrate that preservation of

the time of birth, reflecting prenatal colonisation igormal lung deelopment in preterm infants is a possibility
associated with a,n increased risk of B®# and a,s and provide encouraging results for the more routine

mentioned abee, our experiments in sheep demonstra’te"’mpl'c"’ltlon of CPAP.
BPD-like changes in surfactant and lung structure aftef factant dysfunction in BPD
exposure to intra-amniotic LP%. Preterm baboons
delivered after intra-amniotic injection ofJreaplasma In addition to surfactant deficiepand pulmonary
urealyticum, and \entilated for 14 days, had impaired lungstructural immaturity (and/or abnormalities) associated with
function and more sere histopathology than controls, preterm birth, the composition and function of aatant
demonstrating that prenatal infection worsens postnathlat is present in the lungs of pretermaims may be
respiratory outcome¥. abnormal. The lels of surfctant protein (SP)-A, SP-B
The pathological features of BPD suggest thand SP-C in tracheal aspirate samples collected from 2-day-
structural deelopment of the lung has been arrested at asld preterm neonates are only a fraction of concentrations
immature stage, and that normal septation arid preterm infants older than 1 week, which are comparable
alveolarisation has been inhibitétiin the neonatal lung, to adult Ileels*® In preterm infants with deteriorating
alveolarisation can be inhibited by inflammationrespiratory status, Vels of SP-A, SP-B and SP-C are
corticosteroids, and yiperoxia®® each of these is a reduced and surfactant function is compromi€edhile
consequence of standard management forynmaterm administration of gogenous surfactant impres cutcomes
neonates. Prenatal insults can also inhibiealarisation; for preterm infants, surfactant function is not normalised by
maternal corticosteroid treatment and intra-amniotic LP§/nthetic sumictants$® Exogenous surfactantsxteacted
injection both result in fger, lager alveoli than normal, in from animal lungs contain SP-B and SP-C, which are
the lungs of preterm lamB8.Interestingly the fetal lungs important for conferring the safe-actie poperties of
appear to h&e a @apacity to normalise their ddopment surfactant, and these preparations appear superior to
after a period of inhibition of alveolarisation if deliy synthetic versions that lack surfactant protéfns.
does not occur until late in gestatibit’ Unfortunately, ) .
normalisation of lung structure after preterm birth is morkONg-term respiratory consequences of preterm birth

elusve.

Bronchopulmonary dysplasia was first described

There hae been a number of studies examining lung
Presewation of normal lung development after preterm function in children born pretermub there is little
birth information on the consequences in adulthood of preterm
birth. The general impression from studies of children is
In recent years, a variety of ventilatory stggés that those born preterm Ve Hgher rates of respiratory
have keen deeloped for the management of pretermillness than those born at tefift!®respiratory flav rates are
infants, aimed at reducing lung injury anebiding BPD. lower®C diffusing capacity may be reduc&#$® and
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airway reactiity may be increasetf:*® These aderse
effects of preterm birth appear to be exacerbated by>RDI3.
or BPD'®5153 BPD in infang is dso associated with
airway obstruction and reactivity in adolescence/early
adulthooc®* These adverse respiratory consequences of
preterm birth are likely the consequence of persistintg.
pulmonary structural abnormalities.

Conclusions

Normal lung deelopment requires a series of15'
carefully orchestratedvents that can be compromised by a
variety of prenatal and postnatal factors associated with
preterm birth. Gien the substantial financial cost of
respiratory illness in preterm #nfits, and the likely life- 16.
long burden of respiratory disease associated with preterm
birth, there is a critical need to identify the mechanisms by
which lung deelopment is altered in preterm anits, and to
develop management strategies for preterm lapaad 17
means of praiding support to preterm infants, thatvea
minimal impact on lung growth.
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