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Abstract. Bronchopulmonary dysplasia (BPD) is a form
of chronic lung disease of infancy, which mostly affects
premature infants with significant morbidity and mortality.
Premature infants who require to be treated for conditions
including respiratory distress syndrome have a higher risk
of developing BPD. In spite of the improvement in clinical
methods, the incidence of BPD has not reduced. In the present
review, the pathogenesis of BPD is described along with the
treatments available at present and the role of nursing in the
management of BPD. Emerging preventive therapies for BPD
are also discussed, including the use of recombinant human
superoxide dismutase, which has been proven effective in
reducing respiratory injury and its long-term effects.
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1. Introduction

Preterm infants have immature lungs and for the development
of lungs and correcting respiration, the infants are treated with
surfactants, prenatal steroids and oxygen support, which may
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be given through continuous positive airway pressure (CPAP)
or mechanical ventilation (1-4). Apart from premature infants,
full-term infants who are born with acute lung injury also
require intensive ventilation support. This treatment, given for
acute and chronic lung injury, has been identified to be one of
the causes of the development of bronchopulmonary dysplasia
(BPD) in infants. The term ‘new BPD’ has been assigned to this
condition due to the disruption of distal lung growth (5,6). In
the past decade, the overall incidence of BPD has remained the
same in spite of the improvement of clinical methods (1,7-9).
BPD is characterized by the presence of persistent respira-
tory signs and symptoms, including tachypnoea, tachycardia,
increased respiratory effort with chest retractions, nasal flaring
and grunting, and frequent desaturations.

BPD was previously characterized by the classic progres-
sive stages with prominent fibroproliferation (5,6,10). This new
form of the disease is encountered in preterm infants with a
low inspired oxygen concentration during the early postnatal
days or in those preterm infants who only required a small
amount of or no ventilation support (5,7,8). On histology, the
lungs of infants with new BPD exhibited regions with more
uniform and milder injury, as well as prominent impairment
of alveolar and vascular growth (5).

2. Pathogenesis

While multiple causative factors are associated with BPD,
the pre- and post-natal factors responsible for alveolar growth
disruption are relatively well-defined. Apart from pre-term
birth being the strongest cause, other causes, including pre-natal
infections, mechanical ventilation, oxygen toxicity with
decreased host anti-oxidant defense, patent ductus arteriosus
and post-natal infection, also contribute to the pathogenesis of
BPD. In addition, preeclampsia has recently been defined as a
risk factor for the development of BPD (11-13). Abnormalities
in the signaling of vascular endothelial growth factor (VEGF)
have also been attributed to the pathogenesis of BPD (14-16).
Impaired angiogenesis in preeclampsia has been reported as a
basic pathological factor for the development of BPD (5,17-20).
Preeclampsia has been associated with membrane-bound
fms-like tyrosine kinase 1 (sFlt-1); this is a receptor for placental
growth factor (PIGF) and VEGEF. It is a pro-angiogenic protein
with antagonistic activity to PIGF and VEGF. In preeclampsia,
it is produced in high quantity by villous trophoblasts and
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hence, neutralizes PIGF and VEGF (5,16-20). Compared with
healthy mothers, those with preeclampsia supply their foetuses
with decreased levels of PIGF and VEGF and increased
levels of sFlt-1 through their cord blood, which corresponds
to the subsequent development of BPD (18). Alterations in
VEGEF signaling contribute to hyperoxia-induced vascular
diseases in patients with BPD and retinopathy of prematurity
(ROP) (16,21-24). Certain studies have revealed that VEGF is
decreased in tracheal fluid samples of premature neonates who
were at risk of subsequent development of BPD, and lung VEGF
and VEGEF receptor (VEGFR)-1 expression were decreased in
infants with BPD who died (25,26). In animal studies, it has
been identified that hyperoxia decreases the expression of alve-
olar VEGF (27,28) and selective inhibition of VEGFR reduces
lung vascular growth and alveolarization (29,30). These results
suggest that the communication between the endothelium and
epithelium, particularly via VEGF signaling, is critical for
the normal growth of lungs following birth, and disruption of
VEGF signaling impairs the vascular growth of the lungs and
alveolarization. An infection during the antenatal period has
been identified as a contributing factor for injury to the baby's
lungs, leading to BPD (31-34).

Pro-inflammatory cytokines including interleukin (IL)-10,
IL-6 and IL-8, cytokine modifiers including p55, p75 and IL-1
receptor antagonist, C-reactive protein and tumor necrosis
factor (TNF)-a are activated in inflammatory and infectious
conditions, e.g. chorioamnionitis (35), and have been identi-
fied to be associated with the development of BPD in infants
of affected mothers. These cytokines have been detected in
the umbilical serum of infants born to mothers with severe
chorioamnionitis (36). There is a correlation between elevated
cytokine levels in chorioamnionitis and the subsequent
development of BPD (27,37,38). It has been demonstrated that
these inflammatory changes may alter certain cell signaling
pathways that are important in the morphogenesis of lung
branching. For the development of lungs, including the promo-
tion of airway extension and branching, fibroblast growth factor
(FGF)-10 is among the key mesenchymal growth factors (39).
Furthermore, nuclear factor (NF)-«xB is known to promote the
expression of numerous genes, including pro-inflammatory
cytokines associated with the development of BPD. A variety
of causes of cell stress, including infectious stimuli, inflam-
matory cytokines, damage and oxidants, are responsible for
activating NF-«kB (27,40).

Apart from being increased in chorioamnionitis, cyto-
kines also mediate acute lung injury (41,42), aggravate
ventilator-associated lung injury (43) and modulate the
host defense (44), even in the absence of chorioamnionitis.
Increased levels of cytokines have been observed in tracheal
aspirates (45,46) and serum of infants with respiratory distress
syndrome (47,48), which may predict the subsequent develop-
ment of BPD. Specifically, increased levels of IL-1, IL-6, II-8,
IL 10 and interferon-vy, and low levels of IL-17 are indicators
that may predict BPD (27,28).

Changes in transforming growth factor (TGF)-31 signaling
have been identified to be important in the pathogenesis of
BPD. In a recent study, an association between TGF-f1 levels
in amniotic fluid, fatal lung injury and chorioamnionitis was
demonstrated (49-51), hence indicating an association of
pre-natal infection and inflammation with BPD (28).
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Post-natal hyperoxia increases the production of cyto-
toxic oxygen free radicals, which, after exhausting the host's
anti-oxidant defense mechanisms, cause lung injury (52-54).
In pre-mature infants, the anti-oxidant enzyme system is
deficient at birth and they have a low level of anti-oxidants,
including vitamins C and E, which decreases the expression
of VEGF (29) and increases the vulnerability to oxygen
toxicity, the expression of TGF-f1 (55) as well as the levels
of pro-inflammatory cytokines (52,56). The necessity of
mechanical ventilation after birth is correlated with the
development of BPD. Mechanical ventilation increases the
production of TNF-a, IL-1f, IL-6, IL-8 and IL-1 (57) and
the expression of genes regulating angiogenesis in the lung is
markedly altered (57). Anti-angiogenic genes whose produc-
tion is increased in ventilated lungs include thrombospondin-1,
collagen XVIII a-1, tissue inhibitor of metalloproteinase-1,
endoglin, TGF-a and monocyte chemoattractant protein-1.
Pro-angiogenic genes whose expression is decreased include
angiogenin and midkine, as well as VEGF-B, VEGFR-2 and
the angiopoietin receptor TEK/Tie-2 (22,52). An inverse asso-
ciation has been identified between the low partial pressure
of carbon dioxide and the development of BPD (58). Hence,
during early mechanical ventilation and even during resuscita-
tion in the labor room, high tidal volumes should be avoided.

For pre-term infants (born before 28 weeks of gestation),
who are at the verge of viability, one of the most essential treat-
ments is mechanical ventilation (58,59). Studies comparing
volume-targeted ventilation with pressure-targeted ventilation
indicated that the use of volume ventilation reduced the combined
outcome of death or BPD, pneumothorax, number of days on the
ventilator and hypocarbia (59-62). This was supported by the
result of decreased levels of IL-6 and IL-8 in tracheal aspirates
of infants treated with volume ventilation compared with those
from infants who received pressure-targeted ventilation (60,63).
Furthermore studies suggested that the use of high-frequency
oscillatory ventilation as a rescue treatment in infants with
conventional mechanical ventilation decreased the incidence of
BPD despite the treatment with surfactants (60,64).

Patent ductus arteriosus (PDA) may also be associated
with BPD. Long-term symptomatic PDA worsens pulmonary
morbidity (65,66). In a PDA with left to right shunt, the fluid
efflux increases from the pulmonary vasculature to the lung
parenchyma. The increased fluid in the lung interstitium
increases the pulmonary microvascular filtration pressure
and through an increase in the lung lymph flow, excess fluid
is eliminated from the lung. This compensatory mechanism
inhibits the accumulation of fluid in the lungs (67). When there
is a persistent PDA, this compensatory mechanism becomes
overwhelmed, which leads to the development of pulmonary
oedema. This escalation more easily occurs in the presence of
sepsis and RDS (7). In spite of an association between PDA
and BPD, treatment of PDA, either by medical or surgical
approaches, has not been proven to reduce the incidence
of BPD. In fact, in one study, surgical ligation of the PDA
increased the incidence of BPD (68).

The bone marrow and circulating lung endothelial cells
are reduced by hyperoxia in the developing lungs (60-72).
In preterm infants (born before 28 weeks of gestation), the
circulating endothelial progenitor cells were identified to be
important for the prevention of BPD (73-75).
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3. Treatment

BPD is thought to have a myriad of causative factors and
treatment strategies applied to date have not been able
to reduce the incidence of BPD. Therefore, strategies are
required to focus mainly on preventing the development of
BPD. Administration of steroids during the ante-natal period
to a mother who is at high risk of preterm delivery reduces
the incidence of respiratory distress syndrome, neonatal
mortality and morbidity by ~50%, but does not reduce the
incidence of BPD, even when combined with surfactant in the
post-natal period. The ideal mode of ventilation remains to
be determined, but the major strategy based on physiological
studies is to maintain the tidal volume and inspired oxygen
concentration as low as possible in order to avoid hypocarbia,
volutrauma and oxygen toxicity.

Early use of nasal CPAP and avoidance of intubation and
mechanical ventilation are alternative approaches to reduce
BPD (76). It has been reported that early endotracheal intuba-
tion and mechanical ventilation in premature infants with a
birth weight of 500-1,500 g is associated with an increased
incidence of BPD (77). The preference of nasal CPAP with
or without surfactant and the minimized use of mechanical
ventilation were reported to reduce the incidence of BPD in
infants with a high risk. Previous studies have demonstrated
that CPAP may be used as an alternative to intubation and
mechanical ventilation in preterm infants (78,79). As pneumo-
thorax is a common risk in infants subjected to CPAP, it was
demonstrated that surfactants were efficacious in reducing air
leak. Based on these studies, it may be concluded that such
approaches (CPAP and surfactants) should be applied on
populations which are likely to benefit from them, while they
should be closely monitored for adverse events.

A meta-analysis concluded that supplementation with
vitamin A to attain normal serum levels of retinol reduces the
dependence on supplementary oxygen at 36 weeks of gesta-
tional age (79,80), but does not have any effect on long-term
outcomes. The vitamin A level should be carefully monitored.
However, while supplementation proved beneficial in the short
term, its beneficial effects on long-term neurological and
pulmonary outcomes remain to be verified, which limits the
use of this therapy.

Corticosteroid treatment, which is known to reduce
inflammation in the lungs, which is present in infants at risk
of developing BPD or who have already established BPD, is
controversial. Corticosteroids have been consistently demon-
strated to reduce inflammation in the lungs and inflammatory
cells in tracheal samples of infants with BPD, and to improve
the function of the lung and exchange of gases (80-82). A
meta-analysis concluded that oxygen dependency at 28 days
and 36 weeks of gestational age may be reduced if corticoste-
roids are given systemically within 96 h (83); however, there
are serious concerns regarding the side effects of cortico-
steroids on lung structure, physical and mental development,
and risk of mortality (83-85). Scientific bodies including
the American Academy of Paediatrics strongly discourage
the routine and early use of corticosteroids in pre-mature
newborns (86,87). The conclusion on the adverse effects was
drawn from studies in which administration of high doses of
dexamethasone to the newborn was started within the first few
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days of life and continued for a long duration (88). The risk
and benefit of the usage of steroids for short durations is still
being questioned and studied. Therefore, it has been widely
recommended to only use steroids after the first week of life
at a low dose and for a short period of 5-7 days in infants with
severe and persistent lung disease, who are dependent on a
ventilator. As the use of dexamethasone is associated with
a number of adverse effects, numerous studies have been
performed on the use of hydrocortisone in the post-natal
period for the prevention of BPD. As of now, the clear benefits
of hydrocortisone have been demonstrated in all studies and
it was concluded that the use of hydrocortisone is favoured.
It has been proved that hydrocortisone reduces the mortality
and increases the survival without BPD in infants who were
exposed to chorioamnionitis in the prenatal period (89,90).
In all studies, no adverse effects of hydrocortisone have
been demonstrated, regardless of whether it was used for a
short or long term. The administration of hydrocortisone at
a dose of 5 mg/kg/day then tapered over 3 weeks for infants
who had developed BPD, has proved effective for reducing
supplemental oxygen therapy and for weaning the infants
from the ventilator with lesser short-term adverse effects
and no long-term side effects (91). An increased incidence
of gastrointestinal perforation has been noted in the use of
hydrocortisone along with indomethacin (90). Therefore, the
benefits of hydrocortisone require to be compared with this
adverse effect in particular. It was identified that systemic
administration of steroids produces more adverse effects,
and in order to prevent them, steroid administration via the
inhalation route has been attempted, but it failed to provide
any obvious benefits. In a multicenter randomised trial,
inhalation of betamethasone was associated with a decreased
requirement for the systemic use of steroids (89-91). In other
studies, it was demonstrated that the use of inhaled steroids
for 1-4 weeks increased the rate of extubation, while not
reducing the incidence of BPD (92-95).

One of the three large randomized control studies
performed to date (87) concluded that the incidence of BPD
was reduced by 50% in infants with a birth weight of >1 kg
and the incidence of brain injury in premature infants was
decreased with the administration of corticosteroids by
inhalation (87). A later study, however, suggested that early
administration of a low dose of inhaled dexamethsaone
does not prevent the subsequent development of BPD (88).
Another study concluded that administering inhaled hydro-
cortisone and its tapered doses increased the survival rate
without BPD and improved the short- and long-term func-
tion of the respiratory system (89).

Another available treatment for BPD is nitric oxide.
Nitric oxide inhalation has been demonstrated to improve
lung structure in a number of experiments (96). However, a
clinical trial did not support the use of inhaled nitric oxide
to prevent BPD in preterm infants (90). Another clinical
trial (97) for the use of inhaled nitric oxide therapy for the
prevention of BPD at high-risk preterm babies and the study
of the effects of inhaled nitric oxide in infants with evolving
BPD are still in progress.

Inhalation of nitric oxide is an important therapy
for premature infants with pulmonary hypertension and
pulmonary hypoplasia. It is the most effective and the safest
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treatment for pulmonary hypertension. In premature infants
who have hypoxemia associated with pulmonary hyperten-
sion, inhalation of nitric oxide is the optimal treatment. It has
been established that the use of inhaled nitric oxide at a dose
of 5 ppm during the first week of life is safe. However, the use
of inhaled nitric oxide at high doses in preterm infants with a
birth weight of <750 g may be associated with a high risk of
intracranial hemorrhage (91).

4. Recent preventive therapy

An upcoming therapy for the prevention of BPD development
is the supplementation of human recombinant anti-oxidant
enzymes (92,98). Certain studies performed on premature
babies concluded that severe lung injury and inflammatory
changes may be mitigated and the requirement for mechanical
ventilation may be reduced with no associated adverse effects
by prophylactic intratracheal administration of recombinant
human CuZn superoxide dismutase (rhSOD). Prophylactic
administration of intratracheal rhSOD to premature babies at
birth with a birth weight ranging from 600 to 1,200 g and a high
risk of developing BPD was associated with reduced respira-
tory episodes, including wheezing, asthma and respiratory
infections, as concluded in a randomized placebo-controlled
trial (98). Trials have suggested that thSOD is able to prevent
long-term lung injury due to oxygen exposure in high-risk
pre-mature neonates (99,100). Future studies will elucidate
whether stem cell therapies provide a therapeutic benefit with
sufficient safety (101).

5. Role of nursing in the management of BPD

Assessment of the child's respiratory and fluid status, skin
color, breathing effort and abnormal sounds of breathing,
chest retraction, capillary filling time, secretions, vital signs
and edema every 1-4 h is important. Any deviation from the
baseline is required to be reported.

Chest physiotherapy is required every 4 h as tolerated,
suction should be performed 4 times per day as and when
required and oxygen should be administered if necessary.
Chest physiotherapy and suctioning help to remove mucus
from the airways and lungs. The condition of the skin surface
should be monitored if required. Bronchodilators should
be administered to increase the airflow to the alveoli and
diuretics should be added to reduce the risk of fluid retention
and pulmonary edema, thereby improving the respiratory
function.

Fluid intake and output should be carefully monitored
in order to maintain adequate hydration, along with regular
assessment of electrolyte levels and an increased fluid intake,
if no contraindications exist. Close monitoring is important,
as infants with BPD are susceptible to lower respiratory
tract infections, hypertension and respiratory failure. Daily
measurement of body weight, without clothes and with the
same scales, is required in order to determine weight changes.

The diet plan of the child should be established according
to the advice of a dietician, who should be informed on whether
the child requires a high-calorie diet. In addition, the infants
should be fed over a long time interval after which the infants
need to be held in an upright position in order to enable them
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to burp. Feeding through a nasogastric (NG) tube, whenever
required, particularly at night, and checking the placement of
the NG tube prior to feeding to avoid aspiration are important
care-taking steps in the management of BPD.

Regular care of the child with regard to bathing, clearing
the airways and maintaining the skin is important along with
informing parents about the details of the treatment and care
of the baby with follow-up instructions.

6. Conclusions

BPD has continued to be a major complication of preterm
birth since its first description 50 years ago. BPD is mainly
characterized by various abnormalities in the development
of the lungs. New therapies for the prevention and treatment
of BPD are emerging and may result in an improvement of
pre-mature infants in the long term. One of them is the use of
rhSOD, which proved to be beneficial. Studies for assessing
advanced therapies for the prevention and treatment of BPD
and its long-term sequelae are yet to be performed/completed.
The objective of our review was to correlate the pathogenesis
of BPD and the treatment aspects to facilitate the development
and application of improved and advanced therapies in order to
not only treat the condition but also to prevent it. However, not
all of the mechanisms leading to lung injury are completely
understood. BPD is still one of the most vexing challenges in
prematurity. Stem cell therapy may the most promising and
fascinating method in the future.
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