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ABSTRACT

With the increasing survival of extremely premature infants there is a
large number of them who are developing chronic lung disease (CLD), but the
severity of the lung damage is considerably less than that observed in the classic
form of bronchopulmonary dysplasia (BPD). Because many of these infants have
only a mild initial respiratory distress and therefore do not receive aggressive ven-
tilation, it is clear that factors other than oxygen toxicity and barotrauma are in-
volved in the pathogenesis of this new milder type of CLD. CLD results from
the interaction of multiple factors that can injure the immature lung. For this rea-
son the prevention must be based on the elimination of all the factors implicated
in its pathogenesis. Clinical and epidemiological data strongly suggest that infec-
tions, either prenatal or nosocomial, and the presence of a patent ductus arterio-
sus (PDA) play a major role in the development of CLD in these infants. For this
reason, efforts to prevent CLD in extremely low birth weight infants should in-
clude an aggressive approach to the prevention and treatment of prenatal and
neonatal infections and an early closure of the PDA.
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Chronic Lung Disease (CLD) persists as  mature infants in recent years has produced an in-

one of the major complications in premature in-  crease in the number of infants at risk for develop-
fants who require prolonged mechanical ventila-  ing this complication.! The classic form of bron-
tion. Moreover, the increasing survival of very im-  chopulmonary dysplasia (BPD) was described
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originally by Northway and colleagues in 19672
and was more common prior to the introduction of
antenatal steroids and postnatal surfactant therapy.
This form is usually seen after severe respiratory
failure due to pneumonia or respiratory distress
syndrome (RDS). These infants require mechani-
cal ventilation with high airway pressure and in-
spired oxygen concentration during the first days of
life, and frequently their course is complicated by
pulmonary interstitial emphysema. This complica-
tion further compromises gas exchange requiring
increases in ventilatory support and inspired oxy-
gen concentration, which further aggravate the
lung damage.3* Other complications, such as per-
sistent patent ductus arteriosus (PDA) with associ-
ated left ventricular failure and pulmonary edema,
as well as nosocomial infections frequently develop
in these patients and contribute to the progression
in severity of their lung damage.®

Despite all therapeutic efforts, these in-
fants frequently remain oxygen and ventilator-
dependent beyond the first weeks and chronic
radiographic changes characterized by densities,
linear-reticular opacities, and in some cases cystic
changes begin to appear at this stage. These
changes evolve later into the classical radiographic
picture of advanced BPD characterized by hyper-
inflation of the lower lobes and areas of increased
densities reflecting patchy atelectasis and fibrosis.

Once severe lung damage has developed,
these infants require mechanical ventilation and
increased inspired oxygen concentration for several
weeks, months, or sometimes years. Infants with
more severe lung damage may die of progressive
respiratory failure. Mortality rates of approximately
30 to 40% have been reported in infants with se-
vere CLD, and most of them occur during the first
year of life secondary to respiratory failure, inter-
current infections, or intractable cor pulmonale.®

Follow-up studies in infants with severe
CLD have shown that pulmonary function may
remain abnormal for many years, even though the
infants may be asymptomatic.” A high incidence
of obstructive airway disease has been observed at

8 years of age in a small group of survivors with
BPD. Northway and associates® have reevaluated
pulmonary function in their original cohort of in-
fants with severe BPD reported in 1967. At an age
ranging between 14 and 23 years, these adolescents
and young adults still exhibited evidence of pulmo-
nary dysfunction characterized by airway obstruc-
tion, airway hyper reactivity, and hyperinflation.

Infants with severe CLD also have more
neurodevelopmental sequelae when compared with
control groups, and they exhibit impaired growth
curves.”10 Although data from long-term studies is
scant, it is apparent that neurodevelopmental prog-
nosis not only depends on the severity of the CLD,
but on the presence of other risk factors for devel-
opmental delay that occur frequently in infants
with CLD, such as intracranial hemorrhage, hear-
ing impairment, and retinopathy of prematurity.
Infants with severe CLD have also been reported
to have an increased risk for sudden infant death,
but the evidence for this is not conclusive.11-13

With the introduction of surfactant replace-
ment, increased use of antenatal steroids and im-
provements in ventilator management, the inci-
dence of this severe form of CLD has decreased
considerably and has been replaced by a milder
form of lung damage.

CLINICAL PRESENTATION
OF THE NEW CLD

The majority of small premature infants who de-
velop CLD at present have a mild initial respira-
tory course and require prolonged ventilatory sup-
port for management of apnea and poor respiratory
effort.’ These infants represent more than two
third of all patients diagnosed with CLD in our in-
stitution. In contrast to infants with severe CLD,
initially these infants require mechanical ventila-
tion with low pressures and oxygen concentration,
and therefore their exposure to the effects of baro-
trauma and oxygen toxicity is minimal. These in-
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fants require low or moderate initial concentration
of oxygen for treatment of mild RDS that usually
responds favorably to exogenous surfactant. This is
often followed by a few days with minimal or no
supplemental oxygen need (“honeymoon”). Many
of them, however, have a progressive deterioration
in their lung function over time, and their ventila-
tory and oxygen requirements increase, accompa-
nied by signs of respiratory failure (tachypnea, re-
tractions, etc.). This deterioration is frequently
associated with bacterial or viral infections or heart
failure secondary to a PDA. In these patients, the
functional and roentgenographic lung changes are
usually mild, sometimes showing only diffuse hazi-
ness that persists over time, without the coarse
changes of nonuniform inflation and cystic nature
that is observed in the classic severe form of CLD.

PATHOGENESIS OF THE NEW CLD

The major factors implicated in the pathogenesis
of the classic severe form of BPD are thought to be
barotrauma and oxygen toxicity. As mentioned be-
fore, most infants who develop this form of lung
damage have severe initial respiratory failure and
therefore are exposed to high positive airway pres-
sures and inspired oxygen concentrations. Today,
with the increased use of antenatal steroids and the
administration of exogenous surfactant, the initial
respiratory course is usually mild and, therefore, in-
fants are exposed to much lower airway pressures
and oxygen concentrations. Still, many of them
gradually develop increasing oxygen requirements
and show radiographic changes compatible with
CLD that persist for weeks or months. Although it
is possible that these low levels of airway pressure
and oxygen exposure may be sufficient to damage
the immature lung, it is likely that other factors
play a more important role in the development of
the lung damage observed in these infants.!
Increasing evidence has accumulated re-
cently suggesting that inflammation plays a major

role in the pathogenesis of CLD.1¢ This inflamma-
tory response can be triggered by a number of fac-
tors including ventilation with excessive tidal vol-
umes, free oxygen radicals, increased pulmonary
blood flow due to a PDA, and a variety of perinatal
infections.’” The role of prenatal infections has
been suggested by publications showing an in-
creased risk for CLD in infants born to mothers
with evidence of chorioamnionitis.’®1? Several in-
flammatory cytokines were found in higher con-
centrations in fetal cord blood and in the amniotic
fluid of mothers who delivered infants who devel-
oped CLD in comparison with those who gave
birth to infants who recovered without CLDD.20.21
In addition, several publications have suggested a
higher risk of CLD in infants whose airways are
colonized with ureaplasma urealyticum at birth,
but these data are confounded by higher coloniza-
tion rates at lower gestational ages.?>24

A significant increase in inflammatory cells,
eicosanoids, and various cytokines has been reported
in the airways of infants who subsequently develop
CLD.252¢ This increase in cytokines concentration
has been demonstrated from the first days after birth
supporting the contention that at least in some in-
fants the inflammatory process starts before birth
and is secondary to an infection of the amniotic cav-
ity and the fetal lung. Among the markers of inflam-
mation that have been found in high concentrations
in tracheobronchial secretions of infants who de-
velop CLD are neutrophils, macrophages, leukotri-
enes, platelet-activating factor (PAF), IL6, IL8, and
tumor necrosis factor (TNF).

Evidence of pulmonary alveolar macrophage
(PAM) activation has been reported in infants
who subsequently developed CLD. These activated
PAM’S have been suggested as source of neu-
trophil chemoattractants, especially when exposed
to hyperoxia.?’?8 Neonates who develop CLD also
have elevated concentration of fibronectin in lung
lavage fluid.?? This large molecular weight protein
is released from PAM, epithelial and endothelial
cells, and fibroblasts and is associated with the de-
velopment of pulmonary fibrosis.
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An increase in elastase and an imbalance be-
tween elastase and « proteinase inhibitor (PI) in
the lung has also been mentioned as an important
mechanism for the development of neonatal lung
injury.39-32 Urine excretion of elastic degradation
products is greater in neonates who develop CLD
than in controls.?? This is of particular relevance in
light of recent evidence of a marked reduction in
alveolar septation in lungs of infants who died with
severe CLD.

Because of the increasing evidence linking in-
fections and inflammation with the development of
neonatal CLD we have also investigated the role of
postnatal nosocomial infections in the pathogenesis
of this complication. An epidemiological study to
identify the main risk factors that predispose these
infants to CLD revealed that after prematurity, the
presence of systemic infections and episodes of
symptomatic PDA were the stronger predictors for
the development of CLD.3* Furthermore, when
both complications (infection and PDA) occurred at
the same time, they produced a synergistic inter-
action, further increasing the risk for developing
CLD. As a consequence of the left-to-right shunt-
ing through the PDA, pulmonary blood flow and
lung fluid increases, negatively affecting lung func-
tion and gas exchange, and thereby increasing the
risk for CLD. The presence of a PDA has also been
associated with elevated concentrations of myelo-
peroidase in the tracheobronchial fluid, suggesting
that the increased pulmonary blood flow may result
in damage of the pulmonary endothelium and adhe-
sion and migration of polymorphonuclear cells
(PMN:s) into the lung tissue.?

Searching for an explanation for the interac-
tion between neonatal infection and PDA, we ob-
served that the presence of a systemic infection in
the premature infant adversely affects permanent
closure of the ductus, often inducing ductal opening
after the first week of life and failure to respond to
medical treatment with indomethacin.3* A likely ex-
planation for this interaction is the elevated serum
levels of prostaglandins and tumor necrosis factor
(TNF) observed in infants with infections. In addi-
tion, infants with serious infections frequently have

complications that prevent or delay the medical or
surgical treatment of the PDA. As a result, the duc-
tus remains open for prolonged periods of time,
maintaining an increased pulmonary blood flow,
high capillary pressure, and increased lung fluid.

PREVENTION OF THE NEW CLD

The prevention of CLD is based on the elimina-
tion or reduction of those factors that are known to
contribute to the process of lung injury in preterm
infants.

Acceleration of Lung Maturation

The use of antenatal steroids effectively reduces the
incidence and severity of HMD and because of this
also reduces the risk of severe CLD.3 The in-
creased use of antenatal steroids is one of the main
reasons for the decrease in the incidence of the
classical forms of BPD, but has not changed signif-
icantly the incidence of the new milder CLD.

Perinatal Infections

There is clear data suggesting an increased risk of
CLD in infants exposed to prenatal and postnatal
infections. For this reason, prevention and aggres-
sive management of these infections plays an im-
portant role in the prevention of CLD. We have
demonstrated that nosocomial infections are asso-

ciated with reopening of the ductus arteriosus and
this further increases the risk of CLD.34

Exogenous Surfactant

The introduction of surfactant replacement in in-
fants with HMD has also improved substantially
the respiratory course in these infants.3” Because of
this, it is seldom necessary to use high airway pres-
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sures and oxygen concentrations during mechanical
ventilation. As a result of this, the incidence of lung
damage due to barotrauma is infrequent today. Si-
multaneously, the use of surfactant has improved the
survival of extremely low-birth-weight (ELBW) in-
fants and this has increased the number of infants
who are at risk for developing CLD masking the
beneficial effect on the overall incidence of CLD.

Gentle Ventilation

It is clear that aggressive ventilation with high air-
way pressures and excessive tidal volumes can pro-
duce severe damage to the lung.3840 This is even
more pronounced in the immature surfactant defi-
cient lung.#1#2 For this reason, it is essential to use
mechanical ventilation judiciously utilizing the
lowest pressures necessary to maintain alveolar vol-
ume and minute ventilation. To avoid volutrauma
it is important to measure tidal volume and not to
exceed volumes of 57 ml X kg. The use of posi-
tive end-expiratory pressure (PEEP) is also critical
to maintain functional residual capacity (FRC) and
avoid alveolar collapse at end expiration. Insuffi-
cient PEEP is associated with marked increase in
the ventilator associated lung damage. Whether
high-frequency ventilation may decrease the risk of
CLD is not clear.¥4 Although in theory high-
frequency ventilation (HFV) should reduce the
risk of volume induced lung damage, most recent
prospective controlled trials have not shown clear
beneficial effects when HFV is used in ELBW in-
fants with uncomplicated hyaline membrane dis-

ease (HMD). 4445

PDA Closure

There is ample evidence that the presence of a
PDA is associated with increased risk of CLD. The
increased pulmonary blood flow due to the left-to-
right shunting through the ductus produces a de-
crease in lung compliance and pulmonary edema
that interferes with gas exchange.*® This makes

necessary the use of prolonged and more aggressive
ventilation leading to CLD. It is therefore ex-
tremely important to close a PDA as soon as possi-
ble by using prostaglandin inhibitors or by surgical
ligation.*

Fluid Intake

Because lung injury is associated with capillary
damage and increased water permeability, infants
with evolving CLD have a great predisposition to
develop pulmonary edema.*® For this reason these
infants tolerate fluids poorly and should be re-
stricted to the minimal intake necessary to keep a
normal fluid and electrolyte balance and supply the
necessary calories for growth.#-1

For the same reason, diuretics are frequently
used in these infants to increase renal water
losses.>2=>5 It is important to point out that loop di-
uretics such as lasix may also have a direct effect on
pulmonary fluid balance and reduce interstitial
lung water independent from their renal effects.>¢

Prolonged use of this type of diuretics is as-
sociated with hypochloremic alkalosis, and exces-
sive calciuria with the consequent risk of nephro-
calcinosis and osteopenia.

Nutrition

Adequate nutrition is difficult to achieve in infants
with CLD because of poor tolerance to feedings
and specially to high-volume intakes. On the other
hand, it is important to supply them with enough
calories to match their increased metabolic needs
and assure adequate growth. Also, there are specific
nutrients and vitamins that are frequently deficient
in these infants and their lack may increase the se-
verity of the lung damage.>”

Vitamin A plays an important role in the
preservation of airway epithelium and alveolar sep-
tation. Small preterm infants are frequently vita-
min A deficient and the supplementation of suffi-
cient Vitamin A is difficult to achieve because of
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the inactivation induced by light and the adhesion
to the plastic of the infusion lines.>$-60

The administration of Vitamin A, 5000
units every other day by i.m. injection, was shown
to reduce the risk of CLD in a group of ventilated
preterm infants.t162 Although with vitamin E the
data is less clear, because of its antioxydant proper-
ties it is also important to avoid Vitamin E defi-
ciency specially in infants at high risk of CLD.

The same applies to the sulfur containing
aminoacid glutathione that also plays an important
role as antioxidant.

Corticosteroids

Because of the strong evidence that inflammation
plays an important role in the pathogenesis of
CLD, there is great interest in the use of exogenous
corticosteroids during the early states of the disease
to reduce its progression.®3-6> Many reports have
shown a rapid improvement in lung function after
the administration of steroids, facilitating weaning
from oxygen and the ventilator when compared
with control infants who received placebo.®® The
optimal age of treatment, dose schedule, and dura-
tion of therapy have not been established and long-
term outcome has not always improved in treated
infants.” The possible mechanisms that explain
the beneficial effect of steroids in CLD are numer-
ous. Steroids can enhance production of surfactant
and antioxidant enzymes, decrease bronchospasm,
decrease pulmonary and bronchial edema and fi-
brosis, improve Vitamin A status, and decrease the
response of inflammatory cells and mediators in
the injured lung.%86% Possible complication of pro-
longed steroidal therapy include masking the signs
of infection, arterial hypertension, hyperglycemia,
increased proteolysis, adrenocortical suppression,
somatic and lung growth suppression, and hyper-
trophic myocardiopathy.”-7# Of greater concern is
the fact that long-term follow-up studies suggest
that infants who received prolonged steroid ther-
apy have worse neurological outcome than control

infants.”~77 Because of the seriousness of some of
these complications, until more information on ef-
ficacy and safety is available, the use of systemic
steroids should be considered experimental and be
limited to those infants who show clear evidence of
progressive pulmonary damage and remain oxygen
and ventilator dependent. The dose and duration
of therapy should be limited to the minimum nec-
essary to achieve the desired effects.”®

In an attempt to minimize the systemic side
effects, steroids have been administered by nebu-
lization to infants at risk of developing CLD.7%:80
This therapy produced some improvement in lung
compliance and resistance only after several weeks
of treatment. More recent studies have shown that
inhaled steroids may reduce the use of systemic
steroids avoiding the side effects associated with
prolonged systemic therapy.8! The results with top-
ical steroids are not conclusive enough to recom-
mend routine use of this therapy either.
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