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Abstract: Adequate pulmonary function is pivotal for preterm infants. Besides being structurally immature, the
preterm lung is susceptible to injury resulting from different prenatal conditions and postnatal insults. Lung injury might
result in impaired postnatal lung development, contributing to chronic lung disease of prematurity, bronchopulmonary
dysplasia (BPD). This review focuses on lung injury mediated by and related to inflammatory changes in the lung. We
give an overview on experimental models which have helped to elucidate mechanisms of pulmonary inflammation
in prematurity. We describe experimental data linking acute and chronic chorioamnionitis with intrapulmonary
inflammation, lung maturation and surfactant production in various animal models. In addition, experimental data
has shown that fetal inflammatory response is modulated by the fetus himself. Experimental data has therefore
helped to understand differential effects on lung function and lung maturation exerted by maternal administration of
potentially anti-inflammatory substances like glucocorticosteroids (GCS). New approaches of modulation of pulmonary
inflammation/injury caused by postnatal interventions during resuscitation and mechanical ventilation have been studied
in animal models. Postnatal therapeutic interventions with widely used drugs like oxygen, steroids, surfactant, caffeine
and vitamin A have been experimentally and mechanistically assessed regarding their effect on pulmonary inflammation
and lung injury. Carefully designed experiments will help to elucidate the complex interaction between lung injury, lung
inflammation, repair and altered lung development, and will help to establish a link between lung alterations originating
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Key words: Lung injury; Etiology; Pulmonary inflammation; Chorioamnionitis; Preterm infant

in this early period of life and long-term adverse respiratory effects.

1 Preterm birth and lung injury

Adequate pulmonary function is a prerequisite
for survival of preterm infants. Preterm birth is
highly associated with the respiratory distress
syndrome (RDS), caused by structural and functional
immaturity of the newborn lung. Beside simple
structural immaturity, the preterm lung is in addition
susceptible to injury resulting from different prenatal
conditions like intra-uterine growth restriction or
oligohydramnios, genetic disposition, transition at
birth and postnatal procedures and insults (Figure 1).
However, these early alterations may also interfere

with lung development, and therefore exert lasting
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effects on pulmonary plasticity and integrity, finally
resulting in structural and functional impairment.
Mechanisms leading to acute and chronic lung
injury have been elucidated experimentally in various
animal models. These experiments have helped to
understand clinical findings and to develop therapeutic
interventions. Moreover, they allowed investigating
complex interaction between fetal, perinatal and
postnatal factors modulating lung injury. In this review
we will focus on experimental animal models in the
field of neonatal pulmonary biology for lung injury
mediated by and related to inflammatory changes in

the lung.
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Figure 1 Mechanisms of lung injury and protection from lung injury during prenatal and

postnatal development

IUGR: intrauterine growth restriction; PPROM: preterm prelabor rupture of

membranes; SC: stem cells; PEEP: positive end exspiratory pressure.

2 Prenatal lung injury by chorioamnionitis

Chorioamnionitis, defined as inflammation
of the membranes with or without involvement of
the fetus, is a very common finding in infants born
prematurely . A modulating role of intrauterine
exposure to inflammation on lung immaturity has
been recognized since many years "*. Fetal signs
of chorioamnionitis have been shown to have an
additional effect on RDS reduction, suggesting a
“dose”-dependent response . Despite a reduction
in acute respiratory problems, several early human
studies have shown chorioamnionitis to be associated
with a paradoxical increase in chronic lung
disease of prematurity, bronchopulmonary dysplasia

(BPD) I, However, more recent studies show
considerable heterogeneity regarding this association'”.
Part of the inconsistency among studies may be
explained by the imprecise diagnosis of both RDS and
BPD " Moreover, several confounders affect the
relationship between chorioamnionitis and BPD. The
most obvious one is gestational age, which is inversely
correlated with the incidence of both entities. Thus,
chorioamnionitis-exposed infants may be at higher
risk for BPD merely because of their lower gestational

age. However, recent epidemiological studies give

an intriguing additional explanation, and support a
“second hit” hypothesis™®. In these particular studies,
chorioamnionitis was associated with a decreased
rather than increased risk for BPD in preterm
infants™". In one study, the effect was reversed when
adjusted for mechanical ventilation”. If mechanical
ventilation exceeded one week in chorioamnionitis-
exposed infants, the risk for BPD was increased". In
addition, postnatal sepsis also highly increased BPD
risk in infants with chorioamnionitis in both studies'".

Mechanisms of chorioamnionitis-induced lung
injury were studied in different animal models. These
provided growing insight into the interplay between
intrauterine inflammatory stimuli and fetal lung injury,
fetal pulmonary and systemic inflammatory response,
and repair, and partly revealed mechanisms altering
lung structure and lung function on a molecular and
cellular level™.

As inflammatory mediator, interleukin (IL)-
la was first shown to accelerate surfactant protein
synthesis and lung stability in a model utilizing fetal
rabbits'"”. In a sheep model, intraamniotic IL-1a

[11]

initiated pulmonary inflammation" ' and induced a

maturation response, depicted by increased alveolar

saturated phosphatidylcholines and improved lung

[11]

function' *. These maturational effects were also
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observed when IL-1a was administered directly into
the trachea of fetal lambs, suggesting a direct reaction
of lung epithelial cells''”. However, effects of IL-
la on surfactant protein expression depended on
gestational age in a rabbit lung explant model"”.

Furthermore, IL-1 mediated lung inflammation
and injury was induced by intraamniotic
administration of E.coli-derived Lipopolysaccharide
(LPS), while blocking of IL-1 signaling with a
receptor antagonist decreased LPS-induced lung
inflammation and maturation in sheep!*. The increase
of inflammatory cells in alveolar lavage and fetal lung
tissue depended on the dose of endotoxins given!".
Concomitantly, intraamniotic LPS-exposure led to an
increase in lung cytokine mRNA expression, shown
for IL-1pB, IL-6, IL-8 and tumor necrosis factor (TNF)
o',

In order to mimic clinical situation, the sheep
model was further developed by utilizing intraamniotic
Ureaplasma''”. Chorioamnionitis is associated with
polymicrobial colonization of the amniotic fluid"®,
with Ureaplasma the most common isolate. In
previous clinical studies, Ureaplasma colonization
of the preterm lung had been linked to BPD"”. In a
sheep model, acute Ureaplasma infection moderately
increased lung monocytes and neutrophils™.
In contrast to LPS-induced chorioamnionitis,
maturational effects on surfactant protein expression
were not seen when in this model sheep were only
exposed to Ureaplasma for several days. However,
Ureaplasma is also capable of maintaining silent
chronic infection in the amnion. Experimental data
revealed stable colonization of fetal sheep lungs with
Ureaplasma which was administered at early and mid-
gestation”' ). At term, interleukin-8 levels in the
fetal lung had doubled in the Ureaplasma-colonized
animals, and surfactant levels in bronchoalveolar
lavage fluid had increased ™.

In summary, these findings indicate that
etiology, time point and duration of infection have
an impact on pulmonary inflammation and induction

of maturation. Additionally, different inflammatory

agonists led to different subsequent phenotypes of
lung injury. While intraamniotic IL-1 did not cause
morphometric changes in fetal lamb lungs, depicted
by alveolar surface and alveolar wall thickness!”,
intraamniotic LPS exposure reduced alveolar surface
area and caused thinning of the alveolar wall when
administered in early gestation in fetal lambs™'. In
a sheep model of acute intraamniotic Ureaplasma
infection, morphological changes of pulmonary
extracellular matrix protein expression became
evident, comparable to those changes found in BPD
patients””. Early Ureaplasma infection resulted in
higher lung gas volumes and higher surfactant lipid
contents of lungs of prematurely delivered lambs""),
whereas lung morphometry as well as elastin and
collagen density remained unaltered””'!. Further
experiments regarding Ureaplasma-induced lung
alterations are necessary to elucidate their role in the
development of BPD!"”",

However, to a certain extend the fetus seems
to be capable of attenuating the inflammatory
response”**”). In fetal sheep receiving LPS for 28
days during mid-gestation, signs of mild persistent
inflammation were present in the fetal lung, and
surfactant saturated phosphatidylcholine pool sizes
were increased””. When animals were delivered pre-
term, alveolar numbers were decreased compared to
control. In contrast, when animals were subjected to
the same intervention and subsequently were delivered
near-term, prolonged LPS administration did not

lead to structural lung abnormalities™®

, suggesting a
potential for repair and lung plasticity.

A possible mechanism by which the effects of
inflammation are altered is endotoxin tolerance™.
In a sheep model, repeated injections of LPS
intraamniotically 7 days and 2 days before premature
delivery inhibited lung cytokine production and
minimized LPS-responsiveness of lung monocytes -
depicted as decreased IL-6 production - compared to

7l However, this effect is not

a single LPS exposure
limited to LPS as inducer of antenatal inflammation,

but compromises other pro-inflammatory stimuli that
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bind to toll-like receptors (TLRs), which is referred to
as cross-tolerance™. Lung and blood monocytes of
fetal sheep exposed to repeated doses of intraamniotic
LPS became tolerant to a variety of TLR-ligands
like Pam3Cys (TLR1 and TLR2), flagellin (TLRS),
CpG-DNA (TLR9) or LPS (TLR4) !, This study
suggested that this effect was at least partially
mediated by alterations in the common signalling
pathway of different TLRs via interleukin-1 receptor
associated kinases (IRAK) -4 and ~-M™. In sheep
with chronic Ureaplasma colonization of the amniotic
fluid, immune response on a subsequent acute
stimulation with intraamniotic LPS was suppressed™”.
In summary, the impact of the fetus’ innate immune
response to chorioamnionitis on lung inflammation
and injury is influenced by the complex interaction of

different agents"".

3 Structural and inflammatory effects of
maternal glucocorticoids

Prenatal administration of glucocorticosteroids
(GCS) to the mother, evolved over the last decades
to a standard therapy in cases of imminent premature
birth ®". The complex effects of GCS have been
described as maturational effects on the fetal lung.
Experimental approaches to the mechanisms of the
beneficial treatment revealed interesting findings ">,
Lungs from sheep treated prenatally with GCS were
functionally superior and histology and morphometry
showed thinning of the primary septa. In addition,
an increase in alveolar volume and a decrease in
alveolar number were observed which suggested a
simplification of alveolar structures””. Interestingly,
in animal models this effect on lung gas volume,
surfactant pool size and alveolar simplification
equaled the effect of endotoxin"”, though endotoxin
effects were not mediated by cortisol””.

Although prenatal steroids clinically proved to
be safe in the presence of chorioamnionitis®**", the

combined effects of inflammation and potentially anti-

inflammatory glucocorticoids remain unclear. Animal
experiments allow examination of interaction, time
and dose dependence in contrast to clinical setting. In
a sheep model, concomitant maternal betamethasone
and intraamniotic endotoxin resulted in suppressed
lung inflammation after one day, compared to LPS
alone®. In contrast, 5 days after this intervention
lambs had signs of pulmonary inflammation and
increased levels of proinflammatory cytokine
mRNAPY. The late increase in inflammation in the
animals receiving both interventions suggested that
glucocorticoids down regulated endotoxin-induced
inflammation only on short notice and that this
effect vanished after fetal clearance of the maternal
glucocorticoids™®. However, betamethasone 7 days
before intraamniotic LPS exposure of fetal lambs
suppressed the inflammatory response in the lung 7
days after LPS exposure, while betamethasone 7 days
after LPS did not inhibit pulmonary inflammation
at all®”’. In contrast, functional lung measurements
revealed higher volumes when betamethasone
was given after LPS, while administration at time
of inflammation or before did not have such an
effect™”). These findings highlight the complex
interaction between inflammation and glucocorticoids
in their influence on lung development and maturation
in a time-dependent manner.

One key aspect of the direct effects of
glucocorticoids and inflammation is their impact on
maturation of surfactant production. Glucocorticoids
alone increase surfactant protein-B (SP-B)
mRNA P In rabbit lung explants, IL-1o and
dexamethasone additively increased the expression of
SP-A and SP-B in early gestation. Later in gestation,
SP-B and SP-C were suppressed by IL-1, whereas
glucocorticoids tended to increase the expression
of SP-B and SP-C and prevented the IL-1-induced
suppression of SPs®*. In the presence of LPS-induced
chorioamnionitis, glucocorticoids had additional
maturational effects on SP-D mRNA expression,

saturated surfactant phosphatidylcholine and lung
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function, while steroids before LPS had no such
effect””.

4 Impact on developmental signalling by GCS
and inflammation

As mentioned before, both intraamniotic LPS

3 and prenatal treatment

exposure in fetal lambs
of pregnant sheep with GCS resulted in impaired
alveolar development™. In order to differentiate the
apparently similar effects of chorioamnionitis and
prenatal steroid treatment, recent publications focused
on targeting cellular mechanisms involved in both
lung inflammation and maturation. A candidate being
successfully linked to preterm lung alterations in both
clinical and experimental setup is TGFB1. TGFp1
plays an essential for lung bud development"”.
However, TGFp is elevated in the lungs of preterm
infants prior to BPD development™. While antenatal
inflammation induced TGFB1 expression in the
lung of fetal lambs™"
TGFB in BPD patients”. In a sheep model of

chorioamnionitis, signaling downstream of TGF was

, prenatal GCS decreased

induced by intrauterine inflammation, while antenatal
GCS inhibited this activation'”!. Other signaling
pathways contributing to lung development have
also been proven to be influenced by intraamniotic
inflammation, namely the Wingless-Int (Wnt) and
Sonic Hedgehog (Shh) pathway*". Moreover, matrix
metalloproteinases (MMP) have been shown to be
required for normal lung development as they play a
role in maintaining extracellular matrix homeostasis'*’.
Antenatal betamethasone treatment and LPS-induced
chorioamnionitis in a fetal sheep model resulted in
similar reduction of alveolar wall thickness, but with
induction of different types of MMPs*". In summary,
apparent structural similarities in lung maturation after
inflammation and GCS might differ in “quality” and
affected molecular pathways. Although there is a clear
short-term benefit, both interventions might lead to
simplification of alveoli, resulting in an aberrant lung

structure.

5 Postnatal lung injury

Various postnatal insults contribute to lung
inflammation and injury, including mechanical
ventilation-induced trauma from volume and pressure
changes, extension of the tissue and oxygen toxicity.
Awareness of these therapy-associated damages grew
amongst others from animal experiments, and resulted
in adjustment of ventilation strategies. However, as
indicated above, ventilation-associated lung injury
might differ in the presence or absence of prenatal

alterations priming the lung for a “second hit” ¥/

6 Perinatal resuscitation

Before starting mechanical ventilation, manual
inflation of preterm babies (“bagging”) was a
common procedure in the delivery room to “open”
the liquid filled lung and to facilitate gas exchange.
However, a study in preterm lambs revealed that
the positive effect of surfactant replacement therapy
was already compromised after six manual inflations
directly after birth, depicted in decreased functional
measurements and histologic signs of lung injury"®.
In order to increase inspiratory volume and functional
residual capacity (FRC) before starting ventilation
in newborns, sustained inflation (SI) was extensively
investigated in rabbits'” and sheep. While SI of
20 seconds increased FRC in preterm rabbits'*” and
SI of 30 seconds improved recovery of circulation in
near-term asphyxiated sheep **), SI alone caused a
modest increase in acute phase and pro-inflammatory
cytokines in preterm sheep lungs'*”. However, in the
same study SI did not alter the inflammation caused

by continued ventilation*”,

7 Ventilation trauma

In order to maintain lung volume, positive
end expiratory pressure (PEEP) was introduced in
ventilation strategies, having an impact on both lung

function and lung inflammation: In surfactant-treated
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preterm lambs, ventilation with PEEP improved

[50] [50]

lung function™, maintained surfactant pool size

and modulated the expression of proinflammatory
mediators”".

When postnatally mechanical ventilation was
established with high tidal volumes for only 15 min,
this caused bronchial epithelial disruption in both large
and small airways of preterm sheep”™. In this model,
it was demonstrated that cytokine production from
stretch injury in the fetal sheep primarily derived from
cells of the lung parenchyma instead of inflammatory
cells”. In contrast, when surfactant depleted rabbits
were ventilated with very low tidal volumes and
consecutive hypercapnia, a decrease of pulmonary
inflammation could be observed”™. Utilizing high
frequency oscillatory ventilation (HFOV) in an
immature baboon model, which allows gas exchange
with tidal volumes not exceeding death space, did not
attenuate tracheal inflammation markers compared to
conventional mechanical ventilation after 24 hours of
ventilation, but in the subsequent recovery phase from
RDS™. However, a recent meta-analysis of clinical
trials failed to prove that HFOV was beneficial for
preventing chronic lung disease in preterm infants"”.

Current ventilation strategies aim to avoid
mechanical ventilation in preterm infants by
utilizing CPAP only with®® or without"” surfactant
replacement. Results from animal experiments
support this strategy: Prematurely delivered lambs
treated with CPAP alone showed decreased levels of
lung injury depicted by neutrophil counts in alveolar
washes and reduced hydrogen peroxide in comparison
to ventilated lambs™™. In a baboon model of BPD,
up to 28 days of nasal CPAP subsequent to 24 hours
of mechanical ventilation did not result in arrested
alveolar development in contrast to previously
ventilated baboons"™”.

These findings indicate that mechanical
ventilation influences both inflammatory processes
and mechanisms involved in postnatal developmental
signalling in the lung which is supported by a recent

experiment, where adverse effects on alveolarization

were described in mechanically ventilated preterm,

but not in term lambs'”".

8 The second hit—how do pre- and postnatal
insults add?

If pro-inflammatory effects of ventilation add
to prenatally acquired inflammation is controversial.
Conflicting data exists in a rat lung explant model. While

1[61]

Tremblay et al” showed that mechanical ventilation

alone significantly influenced the inflammatory

1! only found

environment of the lung, Ricard et a
significant amounts of pro-inflammatory cytokines
in the bronchoalveolar lavage fluid (BALF) of rats
previously injected with LPS, however irrespective of
normal vs. injurious ventilation. In a term sheep model,
intratracheal endotoxin administration caused lung
inflammation after 6 hours of ventilation, but had no
systemic effects. In contrast, intratracheal LPS combined
with high tidal volume ventilation caused both lung
and systemic inflammation, even with 100 times lower
doses of LPS'™. However, cytokine markers in the
lung subsequent to intratracheal LPS administration
were increased compared to saline, irrespective if
lambs were mechanically ventilated or received
respiratory support (continuous positive airway pressure,
CPAP) Y. Additionally, antenatal colonization of sheep
fetuses with Ureaplasma did not change lung function or
modulate the lung injury and inflammation caused by high
tidal volume ventilation™. However, pro-inflammatory
effects mediated by ventilation may be counteracted by
an “anti-inflammatory first hit”: Antenatal betamethasone
proved to be beneficial when preterm lambs were
resuscitated with escalating tidal volumes directly after
birth®, In this model, antenatal betamethasone decreased
lung injury without decreasing lung inflammatory cells or

systemic acute phase responses'®”.

9 Inflammation and sepsis

While systemic inflammation might result

from pulmonary inflammation, it may also precede
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pulmonary alterations. Lambs given 5 pg/kg endotoxin
intravenously showed decreased gas exchange,
and both lung function and systemic inflammatory
response were comparable to animals which received
high doses of LPS intratracheally in combination with
high tidal volume ventilation'”. Furthermore, short-
term exposure to systemic fetal inflammation led
to lung maturation and disturbed lung structure!®”,
indicating the strong link between lung injury and
systemic inflammation including early onset sepsis.
Recently, the effects of postnatal intravenous LPS
were assessed in the context of antenatal exposure
to chorioamnionitis'®’. Intravenous LPS exposure
increased levels of inflammatory cytokine mRNA in
the lung of ventilated lambs. However, in combination
with antenatal exposure to chorioamnionitis, this effect
varied between cytokines. In addition, endotoxemia
resulted in higher oxygen requirement if animals were
antenatally exposed to chorioamnionitis, while the
adverse effects of endotoxemia on the blood pressure

were prevented ™,

10 Oxygen—a multifaceted drug

Being the longest established therapeutic
option for respiratory distress of preterm infants,
recent clinical studies confirmed an ambiguous role

169701 " Clinical studies

of oxygen supplementation
showed a close relationship between oxygen and the
development or exacerbation of BPD"'"*. Growing
evidence suggests that reactive oxygen species interact
with cell growth and development'™. This cumulated
in the hypothesis of an oxygen radical disease (ORD)
of neonatology as one disease with various conditions
such as BPD, necrotizing enterocolitis (NEC),
retinopathy of prematurity (ROP) and periventricular
leucomalacia (PVL) 7. Although a common entity of
these conditions has not been proven so far, clinical
and experimental studies indicate that oxidative stress
in the first days of life is involved in the development
of BPD'", partially because preterm infants have

lower anti-oxidative capacity*.

However, the interaction between oxygen and
lung injury is complex. In a mouse model, neonatal
hyperoxia resulted in histological signs of lung injury
and decreased lung function'””. Concomitantly, levels
of mRNA of proinflammatory cytokines like 1L-
lo were increased in the lung™. In a rabbit model,
hyperoxia enhanced inflammatory cytokine response
of alveolar macrophages of preterm animals in
contrast to term animals”". In this model, hyperoxia
significantly increased intracellular oxygen radical
content only in premature macrophages' .

Beside exposure to high concentrations of
inhaled oxygen, preterm infants might be challenged
by oxidative stress resulting from inflammatory
processes which might occur already in utero””. A
recent clinical study related oxygen radical exposure
of the fetus to neonatal outcome of preterm babies
by measuring lipid peroxidation by isoprostane
levels in umbilical cord venous blood. Isoprostane
levels correlated with mortality and the risk of
developing one or more ORD, but not with BPD
alone!””’. Experimentally, protein carbonyls as marker
of oxidative stress increased in the airways of sheep
fetuses exposed to 7 days LPS, but not after 2 days of
exposure'”. Regarding anti-oxidative capacity, lung
antioxidant enzyme activity was not altered when IL-
la was administered intraamniotically to preterm

sheep!"”

, whereas the antioxidant enzyme activity
in the fetal lung of preterm sheep exposed to LPS 7
days before delivery increased in a dose dependent

[79]

manner . In addition, activity of different anti-

oxidant enzymes increased at different points in time
after LPS exposure””".

In summary, interaction between prenatal and
postnatal contributors to lung injury exceeds “simple”

collaboration, but occurs in a complex pattern.

11 Postnatal modulators of lung injury

Experimental studies also allow assessment
of postnatal therapeutic strategies on acute and

chronic lung injury. The development of surfactant
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replacement therapy was a hallmark in RDS therapy,
but might be less effective in infants with severe
chorioamnionitis, associated with increased BPD
susceptibility®™. Surfactant inactivation by proteins
leaking into the alveoli due to inflammation or
stretch injury might be overcome by synthetic
surfactants designed to resist inactivation, as shown
in a sheep model™". In addition, experimental data
suggest an anti-inflammatory potential of surfactant
components*”. Eventually, positive effects of prenatal
GCS on endogenous surfactant production and
maturation are supported postnatally by drugs like
caffeine both in vitro and in a sheep model™**.
Clinical studies suggesting positive effects of
other drugs on lung injury need to be substantiated
by experimental data. Vitamin A, which recently
showed positive effects on preventing BPD in preterm

[85]

infants in a clinical study"™, experimentally resulted

in decreased lung fibrosis in rats"*” and increased lung
elastin expression in ventilated premature baboons "*”.
Recently, it was demonstrated that intraamniotic LPS
disrupted the Shh pathway in the lungs of preterm

lambs™!

. Vitamin A is decreased in fetal sheep lungs
after intraamniotic LPS™. The beneficial effect of
vitamin A on BPD development may therefore be
explained in part by its induction of the Shh signaling
pathway.

This is a good example how experimental
data supports the knowledge about therapeutic
interventions. In contrast, experimental data
examining adverse effects lay the essential basis for
clinical trials, especially when clinical data cannot
resolve uncertainty regarding therapeutic merits™”".
Postnatal steroid therapy with dexamethasone, which
has proven effectiveness in clinical trials both early
and late after birth®”*", was associated with adverse
neurocognitive outcomes when administered early””.
Alternatively, hydrocortisone may be better tolerated
in neonates” as it showed little effect on somatic

growth and pulmonary outcome

and no negative
effects on hippocampal function in a rat model’.

Clinical trials may help to determine the efficacy and

safety of postnatal hydrocortisone administration to
ventilator dependent preterm infants™”. The beneficial
role of experimental models was recently highlighted
in the development of stem cell based therapies for
BPD"".

12 Outcome and long term effects

Although growing experimental evidence
elucidate the link between lung injury, lung
inflammation, repair and altered lung development,
the interactions between injurious insults and
inflammatory stimuli on different levels are complex
and remain to be completely understood. Continuous
advances in the therapy of the immature infant
partially resolve the problems derived from acute
and chronic lung injury, but create new problems
regarding pulmonary outcome of these infants.
Furthermore, recent findings support the hypothesis
that chronic lung injury originating in this early
period of life or even antenatally may indeed have
long-term adverse respiratory effects”. Kumar and

colleagues"™”’

recently reported an association between
chorioamnionitis and both recurrent wheezing and
physician-diagnosed asthma. In addition, young adult
survivors of moderate and severe bronchopulmonary
dysplasia may be left with residual functional and
characteristic structural pulmonary abnormalities,
most notably emphysema' ™",

Therefore, long term follow-up of infants born
prematurely regarding frequency and quality of their
pulmonary impairment as provided by birth cohort
studies are urgently needed"’". Once the relative
impact of distinct early life factors on pulmonary
outcome are identified, carefully planned animal
experiments will provide further insight into related
mechanisms on all levels, including inflammatory
alterations, developmental changes and the impact of
early interventions, and will allow testing innovative
preventive and therapeutic approaches. Thereby they
will form a stable foundation to plan clinical trials

which will help to improve pulmonary outcome in the
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neonatal period and beyond.

[10]

[11]
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