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Introduction 

• First described by Northway in 1967 

• Chronic lung damage in a group of premature infants >1000g with history of 
prolonged ventilation with high FiO2 and pressures 

• BPD - the injury caused to the immature lungs by multiple factors 

• Described a clinical and radiological picture that progressed through four 
stages. 

• End - respiratory failure associated with a CXR showing increased densities 
due to fibrosis and with areas of enlarged emphysematous alveoli adjacent to 
areas of atelectasis 

 

 

 
N Engl J Med. 276:357-368 1967 



X-ray findings 



The New BPD 

• Improved care 

• Widespread use of surfactant, antenatal steroids 

• “gentler” ventilation 

• Extreme prems who’ve had “good” care, off respiratory support early – show 
increased work of breathing a few days to weeks later 

• Less fibrosis – more of arrested development – alveolar hypoplasia with 
dysregulated microvascular growth 



• Antecedents: 
o PDA 

o inflammation caused by bacterial infection or colonization 

o inflammatory processes triggered by oxygen or mechanical ventilation 

• Need for mechanical ventilation at day 7 associated with 75% incidence rates 

• Majority are symptom free by discharge 

• Exacerbations on acquiring pulmonary bacterial or viral infections 

Ballard, 2007 | Ballard et al, 2006 

  





Diagnostic criteria 



Incidence 



Pathophysiology 



Multifactorial 
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Genetics 



Inflammation 

• Antenatal inflammation secondary to infectious causes has been 
demonstrated in several studies to be associated with BPD 

• Correlated with the development of BPD were elevations in amniotic fluid 
proinflammatory mediators such as interleukin-6 (IL-6), tumor necrosis 
factor-α (TNF-α), IL-1β, and IL-8 within 5 days of preterm birth.  

• In a dose-response fashion, a higher risk for development of BPD was 
demonstrated in preterm infants exposed to severe histologic 
chorioamnionitis than in those exposed to mild or no chorioamnionitis 

• Ureaplasma urealyticum colonization 

 

Am J Obstet Gynecol. 177:406-411 1997 | Pediatr Res. 55:1009-1017 2004 | J Pediatr. 140:171-176 2002 | Eur Respir J.10:886-890 1997 

  



Non-infectious inflammation 

• In addition to the oxygen free radicals produced by exposure to oxygen, 
oxidant stress activates inflammatory cells and increases proinflammatory 
cytokines. 

• High–tidal volume positive-pressure ventilation has also been shown to 
produce inflammation 

• PDA, with increased pulmonary blood flow, can initiate the inflammatory 
cascade and stimulate neutrophil margination and activation in the lung 

 



Arrested alveolar development 

• At 24/40 canalicular stage, with 
progression to the saccular stage not 
occurring until 30 weeks 

• Noxious influences as hyperoxia and 
inflammation disrupt the normal 
progression of lung development 

• Acinar development inhibition leads to 
reduction in alveolar number, 
reduction in gas exchange surface area, 
and decreased lung capillaries 



Arrested alveolar development 

• Whereas normal alveolar development progresses in response to the 
secretion of angiogenic growth factors, such as vascular endothelial growth 
factor (VEGF) and nitric oxide (NO), lung angiogenic growth factor 
expression has been found to be decreased in BPD, a finding that may 
explain the arrest of vascular growth and impairment of alveolar growth 

 

Am J Respir Crit Care Med. 175:978-985 2007 



Hyperoxia and hypoxia 

• Clinical and experimental data suggest that although hyperoxia alone plays 
an important role in BPD pathogenesis, intermittent hypoxia occurring 
during exposure to hyperoxia may actually contribute to exacerbation of 
BPD through worsening of oxidative lung injury 

 

Neonatology. 95:299-305 2009 | Pediatric Research E-PAS: 2010 



Genetics 

• Genetic factors account for 53% of the susceptibility for BPD 

• Infants with BPD have a stronger family history of asthma than those 
without BPD 

• Surfactant protein-B (SP-B) intron 4 deletion (i4del) - which could decrease 
ability to produce SP-B, particularly in response to injury 

• Polymorphisms of genes coding for VEGF (−460T allele) -  which could 
influence angiogenesis in response to injury 

• Polymorphisms in the glutathione-S-transferase-P1 gene - which could 
decrease tolerance to oxidative stress 

 



Intervention strategies 



Oxygen therapy 

• SUPPORT TRIAL 
o 24 weeks and 0 days of gestation to 27 weeks and 6 days 

o Randomized at 2 h to low oxygen - 85–91% OR the high target 91–95% 

o RESULTS: 

• BPD alone – reduced in low sats group RR 0.82; 95% CI 0.72-0.93 

• BPD and/or death – No difference: RR 0.91; 95% CI 0.83-1.01) 

• Death before discharge – increased in low sats group: RR 1.27; 95% CI 1.01-1.60) 

 

 

N Engl J Med 2010; 362: 1959–1969 



• BOOST Study 
o Born at less than 30 weeks of gestation who remained dependent on supplemental oxygen at 32 weeks  

o Assigned to standard SpO 2 of 91–94% or a high saturation group with SpO 2 from 95 to 98%  

• RESULTS 
o high saturation group received oxygen for a longer period after randomization (40 vs. 18 days, p < 0.001)  

o higher rate of BPD defined as dependence on supplemental oxygen at 36 weeks of postmenstrual age (64.4 vs. 
46.1%, p <0.001) 

N Engl J Med 2003; 349: 959–967 



• RR in favor of low SpO2  for BPD 0.73 

(95% CI 0.63–0.86)  

• RR in favor of low SpO2 for mortality 

1.12 (95% CI 0.86–1.45)  

 

ANALYSING RCT’S ONLY 

• RR (95% CI) for BPD 0.79 (0.64–0.97) 

• RR (95% CI) for Mortality 1.27(1.01–

1.60) 

 

Neonatology 2011;100:1–8 



Ventilatory support 

• Avoidance of mechanical ventilation and use of CPAP  

• “Gentler ventilation” using a low–tidal volume strategy to decrease lung 
injury, with the acceptance of higher values for Paco2 (“permissive 
hypercapnia”) 

• volume-targeted ventilation compared with pressure-limited ventilation - 
reduction in combined outcome of death or BPD, pneumothorax, days of 
mechanical ventilation, and the combined outcome of periventricular 
leukomalacia (PVL) or grade 3 or 4 intraventricular hemorrhage (IVH) 

 

Pediatrics. 79:26-301987 | Cochrane Database of Systematic Reviews 



Vit A supplementation 

• Involved in differentiation and maintenance of airway epithelial cells and in 
alveolar development 

• Fetal acquisition of vit A occurs largely in third trimester 

• Modest reduction in BPD - RR 0.87 (0.77, 0.99), RD -0.07 (-0.14, -0.01), NNT 14 
(7, 100) 

 

Cochrane Database of Systematic Reviews 



Early Postnatal Corticosteroids 

• < 1 week 

• For every 100 babies receiving early postnatal steroids, BPD would be 
prevented in 10; however, this positive pulmonary effect would be at the 
expense of an additional 6 infants with gastrointestinal hemorrhage, 12 with 
CP, and 14 with abnormal neurologic findings on follow-up. 

 

Semin Neonatol. 8:83-91 2003 



Late postnatal corticosteroids 

• The DART (Dexamethasone: A Randomized Trial) study, which assessed the 
effects of low dose dexamethasone on long-term survival without major 
neurodevelopmental deficits, did not indicate higher rates of death or major 
disability at 2 years of age in infants treated with low-dose dexamethasone 
than in controls. 

 

Pediatrics. 119:716-721 2007 



Inhaled corticosteroids 

• Late inhalation corticosteroids did not reduce the separate or combined 
outcomes of death or BPD 

• Reduced risk in favor of inhalation steroids regarding failure to extubate at 
seven days (typical RR (TRR) 0.80, 95% CI 0.66 to 0.98 

• Inhalation steroids did not impact total duration of mechanical ventilation or 
oxygen dependency  

 Cochrane Database Syst Rev. 2017 Aug 24;8 

  

https://www.ncbi.nlm.nih.gov/pubmed/28836266


Hydrocortisone prophylaxis 
• PREMILOC (Early Low-Dose Hydrocortisone to Improve Survival without Bronchopulmonary Dysplasia in 

Extremely Preterm Infants) 
• double-blind, placebo-controlled, randomised trial done at 21 French tertiary-care NICUs 
• May 2008 to Jan 2014, 523 < 28/40 
• Placebo vs 1 mg/kg of hydrocortisone hemisuccinate per day divided into two doses per day for 7 days, 

followed by one dose of 0·5 mg/kg per day for 3 days 
• 60% of the treatment group survived without BPD, compared with 51% of infants assigned to placebo (odds 

ratio [OR] 1·48, 95% CI 1·02–2·16, p=0·04) 
• NNT = 12 (95% CI 6–200) 
• Higher rates of sepsis for treated infants among those born 24 – 25 weeks (sub-hazard ratio 1·87, 95% CI 1·09–

3·21, p=0·02) 
• Two year neurodevelopmental outcomes did not show any significant differences between the groups 

 

 Lancet. 2016;387(10030):1827-1836 | JAMA. 2017 Apr 4;317(13):1329-1337 

https://www.ncbi.nlm.nih.gov/pubmed/28384828
https://www.ncbi.nlm.nih.gov/pubmed/28384828


Summary  





Limit PIP, O2, Maintain PEEP, monitor Spo2 



• Early caffeine 

• Surfactant therapy & Non-invasive ventilation 

• Permissive hypercapnoea 

• IM Vit A 

• Low-dose hydrocortisone for the first 10 days  

• Dexamethasone for the ventilated at 2-3 weeks 

• Prevent nosocomial infections 



Thank you 


