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INTRODUCTION 

 
Bronchopulmonary dysplasia (BPD) is an inflammatory lung disease affecting preterm infants and a source of 
major morbidity and significant mortality. Its etiology is multifactorial. BPD and its complications can lead to 
death well beyond the neonatal period. 
 
The outcome of premature neonates continues to improve. Recent Calgary data is attached.1 
 
Current AAP Policy (2015)2 and CPS Position Statement (2017)3 for preterm neonatal resuscitation indicate 
that care is considered active at 25 weeks gestation. Despite improved survival, neurological disability rates 
remain high.4  
 
Pertaining to this guideline, the prevalence of bronchopulmonary dysplasia remains unchanged despite a 
falling incidence. BPD is the only complication of extreme prematurity that continues to increase in 
association with the improving survival of more profoundly preterm gestational ages (NeoReviews AAP – Jul 
2020). In Calgary the incidence of BPD has remained stable over the past few years and is currently sitting at 
38.2% for all infants born <33 weeks per the 2022 CNN report. After adoption of the “open lung” strategy in 
the mid-2010s, initial numbers improved dramatically with the incidence of BPD coming down to 18% of all 
infants born at < 33 weeks (See Appendix A).5,6 It is thought that the more recent increase in incidence is due 
to resuscitation of younger and smaller newborns.  
 

MODERN BPD VS. OLD BPD 
 
Many consider the nature of BPD to be different today. Post the widespread use of antenatal corticosteroids, 
artificial surfactant therapy the phenotype of BPD has shifted from one caused predominantly by gross 
mechanical trauma to more subtle lung injury despite protective lung ventilation strategies and often when 
there is only minimal use of mechanical respiratory support. This is defined as “new BPD” and is thought to 
result from impaired angiogenesis that then impairs alveolarization, causing an arrest in proper lung 
development. 
 
Yet this ‘new’ BPD can be a progressive disease, even after invasive or non-invasive supports have been 
initially weaned off, leading to death eventually from progressive hypoxic respiratory failure and/or 
pulmonary hypertension. 
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The ACH PICU almost always has at any point in time at least one child with BPD on long term mechanical 
support, either NIV or invasive via an ETT or tracheostomy. 
 
Calgary NICU BPD Data (2022 CNN report): 
 
Approximately 120 infants < 29 weeks are born annually in Calgary, of whom about 65% develop BPD, when 
all severities are included.  
 
This incidence is based on 2022 Canadian Neonatal Network report where the definition used for BPD/CLD 
is: 
Chronic lung disease (CLD): Defined as respiratory support given at 36 weeks’ post menstrual age or at 
discharge (if earlier than 36 weeks’ PMA) to level 2 centers and was classified in different degrees of severity 
described as follows: 
 

Severity Respiratory support at time of 
classification (at 36 weeks’ PMA or at 
discharge if baby 
was discharged prior to 36 weeks’ PMA) 

Oxygen Flow rate 

No BPD None 21% None 

Mild BPD 

Headbox or incubator >21% Any amount 

Nasal cannula 100% <100cc/min 

Nasal cannula blended air/oxygen 21-99% <1.5L/min 

Moderate BPD 

Nasal cannula 100% >100cc/min 

Nasal cannula blended air/oxygen 21-29% >1.5L/min 

CPAP, SIPAP, NIPPV, NIHFV 21-29%  

Severe BPD 

Nasal cannula blended oxygen >30% >1.5L/min 

CPAP, SIPAP, NIPPV, NIHFV >30%  

Mechanical ventilation (intubated) 21-100%  

 
ACH PICU Data: 
 
The ACH PICU for the years 2014-2022 had 358 admissions with a diagnosis of BPD. Of these, 27 were 
directly admitted to the PICU from a local NICU for chronic respiratory support. The average age was 5.4 
months and the average LOS was 46 days. The mortality rate of this group was high at 11.1%. 
 
From 2014 to 2017 when the primary admitting diagnosis was BPD 3/13 died (23%). Of the three deaths, all 
had progressive lung disease, and all died of hypoxia, rather than pulmonary hypertension (PHT) per se. One 
had associated pulmonary vein stenosis and PHT, 2 underwent tracheostomy and ventilation, 1 had some 
degree of pulmonary hypoplasia and PHT. The latter patient did not have a tracheostomy and died on high 
frequency oscillation. The PICU length of stay (LOS) was up to 111 days, and hospital LOS was up to 236 
days (PICU VPS data, discharged cases only). 
 
In 2019-20, 2 further infants with BPD died in PICU, one from progressive RH failure due to pulmonary 
hypertension and unilateral upper and lower pulmonary vein stenosis, and one from a combination of hepatic 
failure (multi-factorial with short gut syndrome) and worsening RH failure. 
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In 2021 and 2022 a further 69 patients were admitted to the PICU with a diagnosis of BPD – of these, 3 died 
bringing the combined mortality rate for BPD to 4.3%. This appears to be an improvement from the 
combined mortality rate for all available stats between 2014-2022 of 11.1%.  
 
When you consider the 8 deaths since 2014 in the context of the total number of preterm infants with BPD 
of any severity based on the Calgary NICU numbers, the preterm infant mortality attributed to BPD is < 1%. 
 
ACH Oxygen Clinic Data: 
 
The ACH Oxygen Clinic currently (2019) follows 36 patients of various ages with BPD associated with PHT. 
 
Of 51 children in our complex airway needs (CCAN) clinic population, 4 have BPD; of which 3 have 
tracheostomy and ventilation needs and 1 is on > 16hr/day BiPAP. Of note all these 4 cases of BPD under 
CCAN care have been added to the service in last 4 years (2015-19). There were 6 BPD cases requiring 
tracheostomy and ventilation between 2005 and 2015 prior to this. 
 
Data from the US indicates in some home ventilation programs BPD cases now comprise ¼ of all patients.7  
 
The percentage within the ACH home program is much lower but may be growing. 
 

DEFINITION, INCIDENCE, SEVERITY, PREVENTION AND OUTCOMES 
 
A useful definition and severity rating from Abman et al:7  
 

 

As can be seen in the table, the outcome currently is far from ideal with a higher-than-expected post-
discharge mortality rates, even in mild disease.  
 
The cause of death is varied ranging from sudden unexplained infant death, inter-current infection with 
severe ARDS, isolated progressive chronic lung disease with pulmonary insufficiency without PHT, to 
progressive pulmonary hypertension which can be contributed to by acquired pulmonary vein stenosis. The 
combination of BPD and PHT has a mortality rate reported as high as 50%.8 
 
Data from Calgary suggests the mortality rate for patients admitted to PICU with the primary diagnosis as 
BPD (having never gone home from the NICU environment) and requiring ongoing respiratory support (high 
flow, CPAP, BiPAP, intubation, or tracheostomy) is significant at 11% of cases. The cause of death are 
primarily from progressive pulmonary insufficiency without PHT or with controlled PHT, or from progressive 
PHT. The 11% mortality is lower than the outcomes from other centers where severe BPD survival to 
discharge is reported as 75-80%.7 
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Contributing Co-Morbidities: 
 
If is always worth considering and eliminating where possible other contributing factors.  

▪ Tracheobronchomalacia is common in children with BPD and is associated with more severe illness.9 
▪ Chronic aspiration with or without gastroesophageal reflux disease (GERD) - the prevalence and 

significance of GERD in children with BPD is not well researched.10 
▪ Surfactant protein deficiency and other forms of neonatal interstitial lung disease (ILD) 
▪ Cystic fibrosis 
▪ Immune deficiency 
▪ Unrecognized pulmonary infection 
▪ H-type trachea-esophageal fistula 
▪ Primary ciliary dyskinesia (a subset of ILD) 

 
Prevention of BPD in NICU:  
 
Chorioamnionitis, especially due to infection with Ureaplasma urealyticum may play a role, but treatment 
antenatal and post-natal has not been shown to prevent BPD. Further trials are awaited.11 
 
Aside from chorioamnionitis, significant risk factors for BPD are lower gestational age at birth, lower birth 
weight, pulmonary hypoplasia (e.g. CDH), PDA, sepsis and surgical NEC. 
 
Antenatal steroids12, surfactant therapy, open lung volume strategy13, early caffeine use14 can all aid to 
reduce the burden of BPD. 
 
Early aggressive management of PDA does not reduce the incidence of BPD and may increase mortality – 
PDA-TOLERATE Trial.15 
 
Early low dose hydrocortisone looks promising to prevent BPD but has been associated with an increase 
in neurological injury. The PREMILOC trial showed improved survival without BPD using 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. Post hoc analysis of this trial showed that this is only statistically 
significant for female patients and those exposed to chorioamnionitis. The StoP-BPD Trial results 
showed no significant difference in primary outcome (death or BPD at 36 weeks) in babes who were 
ventilator dependent after a week of age and received either HC or placebo.  
 
Slightly later but still early postnatal dexamethasone use has been associated with lower incidence of BPD at 
36 weeks, this however comes at the price of increased incidence of NDI (neurodevelopmental impairment). 
A recent meta-analysis has shown that for neonates who are ventilator dependent after a week of age and at 
increased risk for development of BPD, dexamethasone has shown earlier extubation and decreased 
incidence of BPD without an increase in rates of CP. Dosing varied in overall dose and duration amongst the 
different studies.16 
 
Current practice in the NICU is to provide DART for babes who remain ventilator dependent after 7-10 days 
of life and who have a high likelihood of developing BPD. Dosing genereally start at 0.15-0.2mg/k/day and 
tapers off over the next 7-10 days. Total dose for the course is 0.89mg/kg.17 
 
Postnatal administration of inhaled steroids does not seem to play a role in prevention of BPD.18 
 
Link to NICU BPD Guideline. 
 
 
 

https://insite.albertahealthservices.ca/main/assets/policy/clp-calgary-childrens-health-neonatology-bronchopulmonary-dysplasia-2-b-5.pdf
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MANAGEMENT OF BPD 
 
The ACH PICU admits cases directly from the NICU once the child is post-conceptual age of 44 weeks that 
requires ongoing respiratory support. Patients have also moved from NICU to Unit 2 and then to the PICU as 
their condition changed or was perceived differently. The latter process is not ideal.  
 
Our experience in the PICU is that many cases have required escalating levels of respiratory support in the 
PICU, when transfer out of NICU was achieved on low flow but high concentration oxygen only. This 
probably may relate to a progression of the chronic lung disease and/or different physiological parameters 
targeted by the NICU and PICU clinicians. 
 
Recommendations for Pulmonology and PICU Consultation and Transfer Process: 

▪ All NICU BPD cases requiring HFNC or invasive (IV) or non-invasive ventilation (NIV) after 40 weeks 
gestation should have Pulmonology and Cardiology consultation, even if PHT is not present or not 
suspected.  

▪ All admitted new BPD cases to ACH NICU (at, near or post-term) or ACH Unit 2 (always post-term) 
requiring long term oxygen therapy should have Pulmonology and Cardiology consultation in 
anticipation of discharge on home oxygen, even if PHT is not present. 

▪ All BPD cases in ACH NICU should also receive PICU consultation around 40-44 weeks post-
conceptual age if the need for respiratory support (IV, NIV or HFNC) is ongoing, or if low flow oxygen 
at > 50% oxygen is required + any factor listed below indicating respiratory support may need to be 
re-instigated. 

 
Transfer from any NICU to PICU or Unit 2 should utilize the EFFECT Program. 
 
Criteria for Ongoing Respiratory Support after NICU Discharge: 
 
There are no firm established criteria determining the need for long term respiratory support in the context 
of BPD. 
 
Factors to consider (these also apply to the period in NICU): 

▪ Goals of care 
▪ Failure to thrive (poor growth) 
▪ Pulmonary hypertension (PHT) 
▪ Significant work of breathing 
▪ Frequent hypoxic/bradycardic events of any etiology  
▪ Intolerance of handling 
▪ Severe hypercarbia 
▪ Frequent life-threatening decompensations of any etiology (infection, fluid overload) 
▪ ≥ 1 late steroid course 
▪ Any ‘breath holding’ spells or ‘dying’ spells or ‘chest freezing’ spells; resulting in dangerous 

desaturation 
 
Suggested ACH Protocol for Initiating or Continuing NIV Support for Post-Term BPD: 

▪ 40-44 weeks gestation 
 
Then > 1 of: 

▪ Nasal cannula oxygen flow > 1 lpm and FiO2 > 50% for nocturnal oxygen saturation goals 92-97% 
▪ CO2 > 50 mmHg 
▪ Significant work of breathing 
▪ Hypoxic spells for any reason  

https://insite.albertahealthservices.ca/picuc/Page21543.aspx
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▪ Failure to thrive 
 
Respiratory Support Strategies: 
 
High Flow Nasal Cannula – there is no published literature on use of HFNC in severe BPD. Also important to 
consider that currently in Calgary Zone long-term HFNC support cannot be maintained outside of hospital. 
 
Noninvasive ventilation – there is no published literature on use of CPAP or BiPAP in severe BPD 
Invasive ventilation - some experienced authors recommend a high VT 8-12 ml/kg, long IT 0.5-0.8, slow rate 
< 20 bpm, accept PIP > 25, high PEEP > 6-8, and aim for higher oxygen saturation target than preterm 92-
95%. This is an unproven strategy.7 
 

 
 
Treatment of established BPD post-term: 
 
Oxygen target 

▪ Prevention of hypoxia by administration of low flow oxygen therapy is considered the mainstay of 
treatment. 

▪ Oxygen targets during the neonatal phase of infants with or at risk of BPD are based in preterm 
targets which have been the subject of many RCTs. A target range of 90-95% is now known to be 
better than lower thresholds in terms of reducing the risk of PHT19 and mortality overall.20There is no 
direct evidence of the ideal target post-term, but in the absence of PHT, 90-95% is reasonable. 

▪ Yet how beneficial it is to maintain good oxygenation is now being questioned in adults with COPD 
and moderate desaturation, but without PHT.21 

▪ In the presence of PHT, adult data suggests the nocturnal oxygen saturation low limit target should 
be > 90%:22 There is no similar data for children, but ACH consensus is that the oxygen saturation 
target should be ≥ 92%. 
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▪ The risks of hyperoxia are well known in the management of preterm infants and now in acutely ill 
adults where there may be lower mortality if OS < 98%.23 24 25 This is a reasonable upper limit target 
for children with BPD. 
 

In conclusion a reasonable target for sBPD post-term is in range of 92-97%. 
 
These targets are reasonable even in the presence of ROP, but there is no clear data on optimal oxygen 
targets in post-term infants with ROP. 
 
CO2 target 

▪ The role of hypercarbia in the causation of pulmonary hypertension in CLD is controversial. A most 
recent meta-analysis of randomized controlled trials looking at use of BiPAP adult hypercarbic COPD 
indicates that there may be a mortality benefit from lowering CO2 longer term:26 

 

 
 

▪ This is supported by a recent right heart catheter study of 225 adults with CLD showing that 
pulmonary hypertension was associated with hypercarbia even in absence of hypoxia.27 

▪ However, animal studies point to a protective effect of chronic hypercarbia on pulmonary 
hypertension.28 29 

▪ A large RCT (PHLEBI Trial) compared two different degrees of permissive hypercapnia (50-60mmHm 
vs. 65-75mmHg) in preterm infants. The study showed no difference in primary outcome of death or 
BPD. It also showed no increase in NDI in the hypercapnic group. Note that this study was 
terminated early due to recruitment and funding issues.30 
 

Currently there is no known optimal CO2 target for BPD, but a reasonable target is < 70 in the absence of 
pulmonary hypertension, and <60 when PHT is present provided the pH is normal.  
 
pH and Bicarbonate targets: 

▪ Most patients with CLD have a compensated respiratory acidosis and pH targeting is only relevant 
during acute deteriorations, particularly in those with PHT. Bicarbonate level is likely of no clinical 
relevance – see section on acetazolamide therapy. 

 
SCREENING AND MANAGEMENT OF PHT ASSOCIATED WITH BPD 

 
Prevalence and Outcomes: 
 
The prevalence of PHT in preterm infants at 36 weeks CGA was found to be 14%   31. Based on data from 
Calgary NICU infants from 2015-2017, PHT occurs in up to 21% of BPD cases at 36 weeks CGA.32 Infants 
with PHT associated with BPD have been found to have a mortality rate up to 50%.33 34 
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Screening and Diagnosis: 
 
Early diagnosis of PHT by echo screening protocols has been implemented in most NICUs. Cardiac 
catheterization remains the gold standard for the diagnosis of PHT. In patients with BPD, catheter study may 
not be feasible due to clinical instability and the hemodynamic data obtained may be difficult to interpret.  
Echocardiography has proven to be a reasonable screening tool for PHT with good sensitivity but limited 
capability to determine disease severity.35 Complete echocardiogram for PHT screening should include a 
complete anatomical evaluation to identify physiologic contribution of structural abnormalities and shunts, 
assessment of pulmonary veins, assessment of biventricular function, diastolic function and quantitative and 
qualitative assessment of PHT.36 
 
Currently accepted echo criteria for diagnosis of PHT in BPD infants include presence of any of the 
following:29 31 36 

▪ RVSP > 40mmHG, RVSP/SBP > 0.5 
▪ Bidirectional or right to left shunt 
▪ ANY degree of systolic septal flattening.  

 
Premature infants in the PICU should have an echo performed to screen for PHT in the following situations36: 

▪ At time of formal BPD diagnosis (36 weeks CGA)  
▪ With sustained need for significant respiratory support at any age, especially with recurrent episodes 

of hypoxemia 
▪ If infant develops increasing oxygen or respiratory support, even if a prior echo performed did not 

show evidence of PHT 
▪ New respiratory infection with increasing oxygen or respiratory support 

 
Serum NT-proBNP is released by myocardium in response to stretch and can be used as biomarker to 
monitor changes in disease status in patients with PHT but is not specific to RV stress alone. Serial NT-
proBNP measurements may support clinical decision making but should not replace the use of 
echocardiogram or cardiac catheter for PHT assessment.36 
 
PPHNet 2017 Clinical Screening Guideline for PH associated with BPD:7 

 



                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 9 of 21  (TOC) 

Management: 
▪ Identify and Manage Non-cardiac Co-morbidities 

Co-morbidities that can impact severity of lung disease with associated PHT should be identified and 
managed before considering pulmonary arterial hypertension (PAH) targeted therapies. Investigations 
to assess for the following co-morbidities should be considered: 

o Intermittent or sustained hypoxemia 
o Aspiration 
o GERD 
o Structural airways disease 
o Thyroid disease 

 
▪ Identify and Manage Cardiac Co-morbidities 

o Cardiac co-morbidities can occur >50% of infants with BPD and PHT34 and can include: 
♦ Pulmonary vein stenosis 
♦ Patent ductus arteriosus (PDA) 
♦ Aorto-pulmonary collaterals 
♦ Atrial septal defects (ASD) 

o Echo may not adequately identify or assess the hemodynamic significance of additional 
cardiac lesions. In high-risk infants with PHT and BPD, cardiac MR or CT angiography may 
be considered prior to cardiac catheter to better identify cardiac lesions, especially 
pulmonary vein stenosis.36 
 

▪ Role of Cardiac Catheter 
o In some patients, cardiac catheter should be performed to confirm echo diagnosis of PHT, 

determine disease severity, evaluate the contribution of shunt lesions, pulmonary vein 
stenosis, LV diastolic dysfunction and AP collaterals. Cardiac catheter may also be helpful to 
close shunt lesions (ASD, PDA) and determine pulmonary vaso-reactivity.36 Currently, 
pediatric cardiac catheter is only available at Stollery Children’s Hospital, so transport is 
required. Cath may not be feasible due to clinical instability in some patients. Decision to 
proceed with catheter and timing of the transport and procedure should be made in 
conjunction with Pediatric Cardiology service. 

 
PHT Therapies: 

▪ Oxygen  
o Supplemental oxygen should be used to avoid episodic or sustained hypoxemia with goal to 

maintain oxygen saturations between 92-95% in patients with PHT associated with BPD.36 
▪ Inhaled nitric oxide (iNO) 

o iNO should be used for acute PHT events/crises and weaned after stabilization based on 
institutional protocol. Oral sildenafil therapy can be considered and may be helpful in weaning 
off iNO therapy.36 

▪ PHT-targeted therapies 
o PHT- targeted medications can be considered in infants with PHT associated with BPD after 

underlying respiratory and cardiac disease has been optimally managed.  
o Decisions regarding initiation, selection, serial monitoring and dose adjustment of PHT-

targeted medications should be made in conjunction with Pediatric Cardiology Service based 
on disease severity, drug tolerance and availability. 

o PHT-targeted medications should be considered in infants with evidence of significantly 
elevated pulmonary vascular resistance AND right ventricular impairment not related to left 
heart disease or pulmonary vein stenosis.36 
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Evaluation and Management of Moderate-Severe PHT Associated with BPD:34 
 

 
 

 
 

TRACHEOSTOMY 
 
The optimal timing and efficacy of tracheostomy in BPD remains to be determined but it should be designed 
to allow for better QOL whilst ventilatory support is maintained. 
 
Tracheostomy and Iong-term ventilation – excerpt from ACH Children with Complex Airway Needs Program 
documents (CCAN): 
 

▪ Criteria for Consideration of a Non-urgent Tracheostomy 
o > 40 weeks gestation 
o Ventilator dependant: 

♦ Requiring some form of positive pressure ventilation (this includes continuous 
positive airway pressure (CPAP); bi-level positive airway pressure (BiPAP); intubation 
and ventilation) for at least 18 hours per day for a time frame of between 3 and 8 
weeks 

♦ Primary respiratory causes as diagnosed by Respirology 
▪ Pulmonary hypoplasia 
▪ Tracheobronchomalacia 
▪ Bronchopulmonary dysplasia 
▪ Chronic lung disease  
▪ Central hypoventilation syndrome 

https://insite.albertahealthservices.ca/picuc/Page16604.aspx
https://insite.albertahealthservices.ca/picuc/Page16604.aspx


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 11 of 21  (TOC) 

PHARMACOLOGIC TREATMENT OPTIONS 
 
Late Systemic Steroids: 
Systemic steroids can be used for short courses late in moderate to severe BPD to assist in weaning off 
oxygen therapy and/or NIV or intubation: 37 38 
 

 
 
Anecdotally the ACH PICU has seen excellent clinical responses to short courses of prednisone 2mg/kg/day 
divided bid for 7 days, then tapered or stopped in BPD cases who are NIV dependent. 
 
Inhaled Steroids: 
Available data suggests that the underlying pathology or BPD in survivors is likely different from asthma and 
that inhaled steroids confer little or modest benefit.39 40 
 
There has only been on RCT of inhaled fluticasone in BPD for the first year of life showing no benefit.41 
 
Bronchodilators: 
Inhaled bronchodilators may be at least temporarily beneficial in BPD with associated wheezing, but there is 
no evidence they are of long-term benefit. Use of inhaled bronchodilators should be limited to short term 
trials for perceived bronchospasm and only continued longer term if the benefit is clear. 42 43 
 
Montelukast: 
Leukotriene receptor blockade may not prevent BPD44, but may have a role as rescue therapy in severe BPD 
in the NICU.45 It has not been studied in late established BPD. 
 
Azithromycin: 
Azithromycin used to treat airway colonization with Ureaplasma may prevent BPD.46 47 
 
Azithromycin has been studied in other CLDs including COPD, cystic fibrosis, asthma and non-cystic fibrosis 
bronchiectasis and has been shown to improve lung function and decrease the frequency of acute 
exacerbations.48 Its use is associated with a decreased of bacterial airway colonization, but resistant bacteria 
are more common in treated cases. 
 
It has not specifically been studied in established late BPD. 
 
Diuretic Therapy: 
Diuretic use in BPD is highly variable within and between centers. There is evidence that loop diuretics 
improve oxygenation and lower CO2, and thiazides improve lung function in BPD in the short term. These 
effects are not necessarily related to diuresis. But there is no evidence that diuretics reduce the duration of 
supplemental oxygen, NIV or improve any other long term outcome marker.49 
 
There use should be restricted to short term use for severe exacerbations and only longer-term use in severe 
BPD when deterioration occurs on cessation of therapy. Even then periodic trials off diuretics is wise due to 
potential long term side effects on bone mineral metabolism and nephrocalcinosis.50  
 
Obviously if right and/or left heart failure is present diuretic use may be clearly indicated.51 
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Acetazolamide: 
Acetazolamide reduces CO2 levels and can improve oxygenation in chronic hypercarbic respiratory failure or 
diuretic induced metabolic alkalosis, but this metabolic correction does not appear to effect outcome.  
 
Outcome studies are currently limited to ventilated or NIV adult COPD patients. 52 53 54 55 56 57 58 
 
Bicarbonate therapy: 
There is no clear known role for bicarbonate therapy to treat metabolic acidosis acutely in the intensive care 
setting. 59 Most BPD patients have chronic metabolic alkalosis. 
 
Lung reduction surgery: 
Lung reduction surgery is reported in BPD.60 61 
 
Stem cell therapy: 
Studies are underway to look at the effects of autologous intra-tracheal stem cell therapy in BPD.62 63 
 
Vitamin A is currently being investigated for its use in BPD prevention. There is currently a large RCT looking 
at high dose PO Vit A vs Placebo. It is thought to play an important role in lung development hence its use in 
BPD prevention. (An Update on the Prevention and Management of Bronchopulmonary Dysplasia 
 
Nutrition is also important as patients with sBPD are expending 15-25% more energy than their healthy 
peers. As such nutritional needs have been evaluated at >130kcal/k/day An Update on the Prevention and 
Management of Bronchopulmonary Dysplasia 
 
Associated issues to be aware of: 

▪ Neurodevelopment – Infants with severe BPD are at high risk of neurological injury.64 
▪ Feeding issues – oral eversion is common and often ignored (Consult Speech/OT in all cases). There is 

no evidence that a nasojejunal (NJ) NJ feeding routine is of benefit in severe BPD. The timing of 
gastrostomy tube (GT) insertion requires a consideration of the anesthesia risks, especially in the 
presence of PHT.65  

o Beware occluding the infants’ nostrils with feeding tubes when this is their main route to 
breath. Use as smaller gauge tube as possible. 

▪ GERD – In preterm infants GERD is over-diagnosed, of minimal clinical significance and thus should 
be rarely treated.66 However rarely chronic reflux and/or aspiration may require anti-reflux surgery 
and this may improve lung disease in post-term infants with CLD.67 The joint  American and European 
pediatric GERD guidelines do not recommend treatment with PPI for visible vomiting or regurgitation, 
chronic cough or wheeze, nor as a trail to diagnose GERD, but do not specifically address BPD.68 

▪ Hypertension – is common for unclear reasons in ex-preterm infants, especially those with BPD and 
can persist into adulthood.69  There are recent relevant American and European guidelines.70 71 

▪ Nutrition and growth delay – this is a very important aspect of BPD care. Consult ACH PICU 
Dietician 

▪ Inguinal hernia repairs - the timing of inguinal hernia repair requires a consideration of the anesthesia 
risks. 72 

▪ Vaccination – is not affected by a diagnosis of BPD and all routine vaccinations should be given. 
Many cases of BPD post-term will qualify for Palvizumab: see RSV Prophylaxis Program on PICU 
Website. 

▪ ROP screening and treatment – see local protocol. 
▪ Long term vascular access may be required in some cases. 

https://www.albertahealthservices.ca/assets/info/hp/rsv/if-hp-rsv-criteria.pdf
https://insite.albertahealthservices.ca/main/assets/policy/clp-calgary-childrens-health-neonatology-retinopathy-prematurity-2-r-3.pdf
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SUMMARY 
 
Severe BPD in the post-neonatal age group is a growing population for the PICU and long-term ventilator 
support population. However, little in known in regard to treating what can be a relentless and progressive 
disease. 
 
Optimal care involves the provision of adequate oxygenation, reasonable control of CO2, respiratory support 
as needed to relieve work of breathing and allow for growth and development. 
 
Based on this review and our local experience: 

▪ Therapies that are probably over-utilized and of no proven benefit: 
o PPI and H2 antagonists 
o NJ feeding over NG feeding 
o Inhaled corticosteroids 
o Inhaled bronchodilators 

▪ Therapies over-utilized but perhaps of some benefit 
o Diuretics 

▪ Therapies probably under-utilized that may benefit 
o HF and NIV 
o Tracheostomy to support long term ventilation 
o Short tapered course systemic low dose corticosteroids 

▪ Therapies to consider in some circumstances but of unproven benefit 
o Azithromycin 
o Montelukast 

▪ Therapies appropriately used, but difficult to implement 
o PHT medications 

 
RECOMMENDATIONS 
 
To optimize the transition process of children with severe BPD from any NICU to ACH care either in the 
ACH NICU or Unit 2 or PICU: 

▪ All NICU BPD cases requiring HFNC or invasive (IV) or non-invasive ventilation (NIV) after 40 weeks 
gestation should have Pulmonology and Cardiology consultation, even if PHT is not present or not 
suspected. 

▪ All admitted new BPD cases to ACH NICU (at, near or post-term) or ACH Unit 2 (always post-term) 
requiring long term oxygen therapy should have Pulmonology and Cardiology consultation in 
anticipation of discharge on home oxygen, even if PHT is not present. 

▪ All BPD cases in ACH NICU should also receive PICU consultation around 40-44 weeks post-
conceptual age if the need for respiratory support (IV, NIV or HFNC) is ongoing, or if low flow oxygen 
at > 50% oxygen is required + any factor listed below indicating respiratory support may need to be 
re-instigated. 

 
Transfer from any NICU to PICU or Unit 2 should utilize the EFFECT Program. 
 
Criteria to consider ongoing respiratory support after NICU discharge: 
There are no firm established criteria determining the need for long term respiratory support in the context 
of BPD. 
 
Factors to consider (these also apply to the period in NICU): 

▪ Goals of care 
▪ Failure to thrive (poor growth) 

https://insite.albertahealthservices.ca/picuc/Page21543.aspx
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▪ Pulmonary hypertension (PHT) 
▪ Significant work of breathing 
▪ Frequent hypoxic/bradycardic events of any etiology  
▪ Intolerance of handling 
▪ Severe hypercarbia 
▪ Frequent life-threatening decompensations of any etiology (infection, fluid overload) 
▪ ≥ late steroid courses 
▪ Any ‘breath holding’ spells or ‘dying’ spells or ‘chest freezing’ spells; resulting in dangerous 

desaturation 
 
Suggested ACH Protocol for Initiating or Continuing NIV Support for Post-Term BPD: 

▪ 40-44 weeks gestation 
 

Then > 1 of: 
▪ Nasal cannula oxygen flow > 1 lpm and FiO2 > 50% for nocturnal oxygen saturation goals 92-97% 
▪ CO2 > 50 mmHg 
▪ Significant work of breathing 
▪ Hypoxic spells for any reason  
▪ Failure to thrive 

 
REFERENCES 

 
 

1 The Clinical Evaluation of Severe Bronchopulmonary Dysplasia [Calgary NICU data 2008-2013]. Bamat NA, 
Zhang H, McKenna KJ, Morris H, Stoller JZ and, Gibbs K. NeoReviews. 2020 July;21(7): e442-e453.  
 
2 Guidelines for the Management of Extremely Premature Deliveries: A Systematic Review. Úrsula Guillén, 
Elliott M Weiss, David Munson, Pierre Maton, Ann Jefferies, Mikael Norman, Gunnar Naulaers, Joana 
Mendes, Lincoln Justo da Silva, Petr Zoban, Thor W R Hansen, Mikko Hallman, Maria Delivoria-
Papadopoulos, Shigeharu Hosono, Susan G Albersheim, Constance Williams, Elaine Boyle, Kei Lui, Brian 
Darlow, Haresh Kirpalani. Pediatrics. 2015 Aug;136(2):343-50. 
 
3 Counselling and management for anticipated extremely preterm birth. Brigitte Lemyre, Gregory Moore. 
Paediatr Child Health. 2017 Sep;22(6):334-341. 
 
4 See reference 3 Table 2 
 
5 The Canadian Neonatal Network: Annual Report 2016. Shah P, Yoon EW, Chan P and members of the 
Annual report Review Committee. 2016.  
 
6 The Canadian Neonatal Network: Annual Report 2022. Beltempo M, Shah P, Tyoon EW, Goswami N and, 
Members of the Annual Report Review Committee. 2022.  
 
7 Interdisciplinary Care of Children with Severe Bronchopulmonary Dysplasia. Abman SH, Collaco JM, 
Shepherd EG, Keszler M, Cuevas-Guaman M, Welty SE, Truog WE, McGrath-Morrow SA, Moore PE, Rhein 
LM, Kirpalani H, Zhang H, Gratny LL, Lynch SK, Curtiss J, Stonestreet BS, McKinney RL, Dysart KC, Gien J, 
Baker CD, Donohue PK, Austin E, Fike C, Nelin LD; Bronchopulmonary Dysplasia Collaborative. J Pediatr. 
2017 Feb;181:12-28.e1. 
 
8 Pulmonary hypertension associated with bronchopulmonary dysplasia in preterm infants. Bui CB, Pang MA, 
Sehgal A, Theda C, Lao JC, Berger PJ, Nold MF, Nold-Petry CA. J Reprod Immunol. 2017 Nov;124:21-29. 
 
 

http://publications.aap.org/neoreviews/article-pdf/21/7/e442/822246/neoreviews_092019cmerev00133.pdf
https://pubmed.ncbi.nlm.nih.gov/26169424/
https://www.canadianneonatalnetwork.org/portal/Portals/0/Annual%20Reports/2016%20CNN%20report_final_amendment1.pdf
https://www.canadianneonatalnetwork.org/portal/Portals/0/Annual%20Reports/2022%20CNN%20Annual%20Report.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27908648
https://www.ncbi.nlm.nih.gov/pubmed/29035757


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 15 of 21  (TOC) 

 
9 Tracheobronchomalacia Is Associated with Increased Morbidity in Bronchopulmonary Dysplasia. Hysinger 
EB, Friedman NL, Padula MA, Shinohara RT, Zhang H, Panitch HB, Kawut SM; Children's Hospitals Neonatal 
Consortium. Ann Am Thorac Soc. 2017 Sep 1;14(9). 
 
10 Anti-gastroesophageal reflux surgery in infants with severe bronchopulmonary dysplasia. Jensen EA, 
Munson DA, Zhang H, Blinman TA, Kirpalani H. Pediatr Pulmonol. 2015 Jun;50(6):584-7. 
 
11 Chorioamnionitis: Is a major player in the development of bronchopulmonary dysplasia? Choi CW. Korean J 
Pediatr. 2017 Jul;60(7):203-207 
 
12 The Joint Effects of Antenatal Steroids and Gestational Age on Improved Outcomes in Neonates. Goldstein 
ND, Kenaley KM, Locke R, Paul DA. Matern Child Health J. 2018 Mar;22(3):384-390. 
 
13 Surfactant, steroids and non-invasive ventilation in the prevention of BPD. Dumpa V, Bhandari V. Semin 
Perinatol. 2018 Nov;42(7):444-452. 
 
14 Systematic review and meta‐analysis of clinical outcomes of early caffeine therapy in preterm neonates.  
Kok Pim Kua, Shaun Wen Huey Lee Br J Clin Pharmacol. 2017 Jan; 83(1): 180–191.  
 
15 PDA-TOLERATE Trial: An Exploratory Randomized Controlled Trial of Treatment of Moderate-to-Large 
Patent Ductus Arteriosus at 1 Week of Age. Clyman RI, Liebowitz M, Kaempf J, Erdeve O, Bulbul A, 
Håkansson S, Lindqvist J, Farooqi A, Katheria A, Sauberan J, Singh J, Nelson K, Wickremasinghe A, Dong L, 
Hassinger DC, Aucott SW, Hayashi M, Heuchan AM, Carey WA, Derrick M, Fernandez E, Sankar M, Leone T, 
Perez J, Serize A; PDA-TOLERATE (PDA: TO LEave it alone or Respond And Treat Early) Trial Investigators. J 
Pediatr. 2018 Oct 16 
 
16 Late (≥ 7 days) Systemic Postnatal Corticosteroids for Prevention of Bronchopulmonary Dysplasia in 
Preterm Infants. Cochrane Neonatal Group, Doyle LW, Cheong Jl, Hay S, Manley BR and, Halliday HL. 
Cochrane Database Syst Rev. 2021; 2021(11): CD001145.  
 
17 Comparing Low-Dose (DART) and Enhanced Low-Dose Dexamethasone Regimens in Preterm Infants with 
Bronchopulmonary Dysplasia. Al-taweel HM, Abdelhady ISI, Irfan N, Khzzam FA, Kamal A, Thazhe SBK, 
Bayoumi MAA and, Gad A. Front Pediatr. 2023; 11: 1261316.  
 
18 Late ((≥ 7 days) Inhalation Corticosteroids to Reduce Bronchopulmonary Dysplasia in Preterm Infants. 
Onland W, Offringa M and, Kaam AV. Cochrane Database Syst Rev. 2017 Aug 24;8(8):CD002311.  
 
19 Target oxygen saturation and development of pulmonary hypertension and increased pulmonary vascular 
resistance in preterm infants. Laliberté C, Hanna Y, Ben Fadel N, Lemyre B, Bijelic V, Barrowman N, Hoey L, 
Thébaud B, Katz SL. Pediatr Pulmonol. 2019 Jan;54(1):73-81. 
 
20 Effects of targeting lower versus higher arterial oxygen saturations on death or disability in preterm 
infants. Askie LM, Darlow BA, Davis PG, Finer N, Stenson B, Vento M, Whyte R. Cochrane Database Syst 
Rev. 2017 Apr 11;4 
 
21 A Randomized Trial of Long-Term Oxygen for COPD with Moderate Desaturation. Long-Term Oxygen 
Treatment Trial Research Group, Albert RK, Au DH, Blackford AL, Casaburi R, Cooper JA Jr, Criner GJ, Diaz P, 
Fuhlbrigge AL, Gay SE, Kanner RE, MacIntyre N, Martinez FJ, Panos RJ, Piantadosi S, Sciurba F, Shade D, 
Stibolt T, Stoller JK, Wise R, Yusen RD, Tonascia J, Sternberg AL, Bailey W. N Engl J Med. 2016 Oct 
27;375(17):1617-1627. 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/28622012
https://www.ncbi.nlm.nih.gov/pubmed/24753497
https://www.ncbi.nlm.nih.gov/pubmed/28861110
https://www.ncbi.nlm.nih.gov/pubmed/29127622
https://www.ncbi.nlm.nih.gov/pubmed/30343941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5338164/
https://www.ncbi.nlm.nih.gov/pubmed/30340932
https://www.ncbi.nlm.nih.gov/pubmed/30340932
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8580679/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8580679/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10644707/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10644707/
https://pubmed.ncbi.nlm.nih.gov/28836266/
https://www.ncbi.nlm.nih.gov/pubmed/30461218
https://www.ncbi.nlm.nih.gov/pubmed/30461218
https://www.ncbi.nlm.nih.gov/pubmed/28398697
https://www.ncbi.nlm.nih.gov/pubmed/28398697
https://www.ncbi.nlm.nih.gov/pubmed/27783918


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 16 of 21  (TOC) 

 
22 Nocturnal Hypoxemia, But Not Sleep Apnea, Is Associated With a Poor Prognosis in Patients With 
Pulmonary Arterial Hypertension. Nagaoka M, Goda A, Takeuchi K, Kikuchi H, Finger M, Inami T, Soejima K, 
Satoh T. Circ J. 2018 Nov 24;82(12):3076-3081. 
 
23 A Systematic Review of the Effects of Hyperoxia in Acutely Ill Patients: Should We Aim for Less? 
Stolmeijer R, Bouma HR, Zijlstra JG, Drost-de Klerck AM, Ter Maaten JC, Ligtenberg JJM. Biomed Res Int. 
2018 May 14;2018:7841295 
 
24 Effect of Conservative vs Conventional Oxygen Therapy on Mortality Among Patients in an Intensive Care 
Unit: The Oxygen-ICU Randomized Clinical Trial. Girardis M, Busani S, Damiani E, Donati A, Rinaldi L, Marudi 
A, Morelli A, Antonelli M, Singer M. JAMA. 2016 Oct 18;316(15):1583-1589. 
 
25 Effect of Conservative vs Conventional Oxygen Therapy on Mortality Among Patients in an Intensive Care 
Unit: The Oxygen-ICU Randomized Clinical Trial. Girardis M, Busani S, Damiani E, Donati A, Rinaldi L, Marudi 
A, Morelli A, Antonelli M, Singer M. JAMA. 2016 Oct 18;316(15):1583-1589. 
 
26 Efficacy of long-term noninvasive positive pressure ventilation in stable hypercapnic COPD patients with 
respiratory failure: a meta-analysis of randomized controlled trials. Liao H, Pei W, Li H, Luo Y, Wang K, Li R, 
Xu L, Chen X. Int J Chron Obstruct Pulmon Dis. 2017 Oct 10;12:2977-2985. 
 
27 Borderline pulmonary hypertension associated with chronic hypercapnia in chronic pulmonary disease. 
Zuoyou L, Shiota S, Morio Y, Sugiyama A, Sekiya M, Iwakami SI, Ienaga H, Fukuchi Y, Takahash K. Respir 
Physiol Neurobiol. 2019 Jan 17.  
 
28 Sustained therapeutic hypercapnia attenuates pulmonary arterial Rho-kinase activity and ameliorates 
chronic hypoxic pulmonary hypertension in juvenile rats. Peng G, Ivanovska J, Kantores C, Van Vliet T, 
Engelberts D, Kavanagh BP, Enomoto M, Belik J, Jain A, McNamara PJ, Jankov RP. Am J Physiol Heart Circ 
Physiol. 2012 Jun 15;302(12):H2599-611. 
 
29 Hypercapnia attenuates hypoxic pulmonary hypertension by inhibiting lung radical injury. Chovanec M, 
Novotná J, Wilhelm J, Hampl V, Vízek M, Herget J. Physiol Res. 2009;58 Suppl 2:S79-85. 
 
30 Neurodevelopmental Outcomes of Extremely Low Birthweight Infants Randomized to Different PCO2 

Targets: the PHELBI Follow-Up Study. Thome UH et al. Arch Dis Child Fetal Neonatal Ed. 2017 
Sep;102(5):F376-F382. Doi: 10.1136/archdischild-2016-311581.  
 
31 Early pulmonary vascular disease in preterm infants at risk for bronchopulmonary dysplasia. Mourani PM, 
Sontag MK, Younoszai A, Miller JI, Kinsella JP, Baker CD, Poindexter BB, Ingram DA, Abman SH. Am J Respir 
Crit Care Med. 2015 Jan 1;191(1):87-95. 
 
32 Prospective study of pulmonary hypertension in preterm infants with bronchopulmonary dysplasia. 
Vayalthrikkovil S, Vorhies E, Stritzke A, Bashir RA, Mohammad K, Kamaluddeen M, Thomas S, Al Awad E, 
Murthy P, Soraisham A. Pediatr Pulmonol. 2019 Feb;54(2):171-178 
 
33 Pulmonary artery hypertension in formerly premature infants with bronchopulmonary dysplasia: clinical 
features and outcomes in the surfactant era. Khemani E, McElhinney DB, Rhein L, Andrade O, Lacro RV, 
Thomas KC, Mullen MP. Pediatrics. 2007 Dec;120(6):1260-9. 
 
34 Pulmonary hypertension in bronchopulmonary dysplasia: clinical findings, cardiovascular anomalies and 
outcomes. del Cerro MJ, Sabaté Rotés A, Cartón A, Deiros L, Bret M, Cordeiro M, Verdú C, Barrios MI, 
Albajara L, Gutierrez-Larraya F. Pediatr Pulmonol. 2014 Jan;49(1):49-59. 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/30333436
https://www.ncbi.nlm.nih.gov/pubmed/30333436
https://www.ncbi.nlm.nih.gov/pubmed/29888278
https://www.ncbi.nlm.nih.gov/pubmed/27706466
https://www.ncbi.nlm.nih.gov/pubmed/27706466
https://www.ncbi.nlm.nih.gov/pubmed/27706466
https://www.ncbi.nlm.nih.gov/pubmed/27706466
https://www.ncbi.nlm.nih.gov/pubmed/29066879
https://www.ncbi.nlm.nih.gov/pubmed/29066879
https://www.ncbi.nlm.nih.gov/pubmed/30660859
https://www.ncbi.nlm.nih.gov/pubmed/22505643
https://www.ncbi.nlm.nih.gov/pubmed/22505643
https://www.ncbi.nlm.nih.gov/pubmed/20131939
https://pubmed.ncbi.nlm.nih.gov/28087725/
https://pubmed.ncbi.nlm.nih.gov/28087725/
https://www.ncbi.nlm.nih.gov/pubmed/25389562
https://www.ncbi.nlm.nih.gov/pubmed/30549454
https://www.ncbi.nlm.nih.gov/pubmed/18055675
https://www.ncbi.nlm.nih.gov/pubmed/18055675
https://www.ncbi.nlm.nih.gov/pubmed/23788443
https://www.ncbi.nlm.nih.gov/pubmed/23788443


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 17 of 21  (TOC) 

 
35 Clinical utility of echocardiography for the diagnosis and management of pulmonary vascular disease in 
young children with chronic lung disease. Mourani PM, Sontag MK, Younoszai A, Ivy DD, Abman SH. 
Pediatrics. 2008 Feb;121(2):317-25. 
 
36 Evaluation and Management of Pulmonary Hypertension in Children with Bronchopulmonary Dysplasia.  
Krishnan U, Feinstein JA, Adatia I, Austin ED, Mullen MP, Hopper RK, Hanna B, Romer L, Keller RL, Fineman 
J, Steinhorn R, Kinsella JP, Ivy DD, Rosenzweig EB, Raj U, Humpl T, Abman SH; Pediatric Pulmonary 
Hypertension Network (PPHNet). J Pediatr. 2017 Sep;188:24-34 
 
37 An update on the post-NICU discharge management of bronchopulmonary dysplasia. Bhandari A, Panitch 
H. Semin Perinatol. 2018 Nov;42(7):471-477.  
 
38 Bronchopulmonary Dysplasia: An Update of Current Pharmacologic Therapies and New Approaches.  
Michael Z, Spyropoulos F, Ghanta S, Christou H. Clin Med Insights Pediatr. 2018 Dec 11;12 
 
39 An update on the post-NICU discharge management of bronchopulmonary dysplasia. Bhandari A, Panitch 
H. Semin Perinatol. 2018 Nov;42(7):471-477.  
 
40 Bronchopulmonary Dysplasia: An Update of Current Pharmacologic Therapies and New Approaches. 
Michael Z, Spyropoulos F, Ghanta S, Christou H. Clin Med Insights Pediatr. 2018 Dec 11;12 
 
41 Randomised double blind placebo controlled trial of inhaled fluticasone propionate in infants with chronic 
lung disease. Beresford MW, Primhak R, Subhedar NV, Shaw NJ. Arch Dis Child Fetal Neonatal Ed. 2002 
Jul;87(1):F62-3. 
 
42 An update on the post-NICU discharge management of bronchopulmonary dysplasia. Bhandari A, Panitch 
H. Semin Perinatol. 2018 Nov;42(7):471-477.  
 
43 Bronchopulmonary Dysplasia: An Update of Current Pharmacologic Therapies and New Approaches. 
Michael Z, Spyropoulos F, Ghanta S, Christou H. Clin Med Insights Pediatr. 2018 Dec 11;12 
 
44 The efficacy and safety of Montelukast sodium in the prevention of bronchopulmonary dysplasia. Kim SB, 
Lee JH, Lee J, Shin SH, Eun HS, Lee SM, Sohn JA, Kim HS, Choi BM, Park MS, Park KI, Namgung R, Park MS. 
Korean J Pediatr. 2015 Sep;58(9):347-53. 
 
45 Leukotriene receptor blockade as a life-saving treatment in severe bronchopulmonary dysplasia. Rupprecht 
T, Rupprecht C, Harms D, Sterlacci W, Vieth M, Seybold K. Respiration. 2014;88(4):285-90. 
 
46 Azithromycin and other macrolides for prevention of bronchopulmonary dysplasia: a systematic review and 
meta-analysis. Nair V, Loganathan P, Soraisham AS. Neonatology. 2014;106(4):337-47. 
 
47 Prevention of bronchopulmonary dysplasia in extremely low gestational age neonates: current evidence.  
Poets CF, Lorenz L. Arch Dis Child Fetal Neonatal Ed. 2018 May;103(3):F285-F291. 
 
48 Meta-analysis of the adverse effects of long-term azithromycin use in patients with chronic lung diseases. 
Li H, Liu DH, Chen LL, Zhao Q, Yu YZ, Ding JJ, Miao LY, Xiao YL, Cai HR, Zhang DP, Guo YB, Xie CM. 
Antimicrob Agents Chemother. 2014;58(1):511-7 
 
49 An update on the post-NICU discharge management of bronchopulmonary dysplasia. Bhandari A, Panitch 
H. Semin Perinatol. 2018 Nov;42(7):471-477.  
 
 

https://www.ncbi.nlm.nih.gov/pubmed/18245423
https://www.ncbi.nlm.nih.gov/pubmed/18245423
https://www.ncbi.nlm.nih.gov/pubmed/28645441
https://www.ncbi.nlm.nih.gov/pubmed/30487070
https://www.ncbi.nlm.nih.gov/pubmed/30574005
https://www.ncbi.nlm.nih.gov/pubmed/30487070
https://www.ncbi.nlm.nih.gov/pubmed/30574005
https://www.ncbi.nlm.nih.gov/pubmed/12091296
https://www.ncbi.nlm.nih.gov/pubmed/12091296
https://www.ncbi.nlm.nih.gov/pubmed/30487070
https://www.ncbi.nlm.nih.gov/pubmed/30574005
https://www.ncbi.nlm.nih.gov/pubmed/26512261
https://www.ncbi.nlm.nih.gov/pubmed/25195568
https://www.ncbi.nlm.nih.gov/pubmed/25278176
https://www.ncbi.nlm.nih.gov/pubmed/25278176
https://www.ncbi.nlm.nih.gov/pubmed/29363502
https://www.ncbi.nlm.nih.gov/pubmed/24189261
https://www.ncbi.nlm.nih.gov/pubmed/30487070


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 18 of 21  (TOC) 

 
50 Bronchopulmonary Dysplasia: An Update of Current Pharmacologic Therapies and New Approaches. 
Michael Z, Spyropoulos F, Ghanta S, Christou H. Clin Med Insights Pediatr. 2018 Dec 11;12 
 
51 The use of diuretics in heart failure with congestion - a position statement from the Heart Failure 
Association of the European Society of Cardiology. Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-
La Rocca HP, Martens P, Testani JM, Tang WHW, Orso F, Rossignol P, Metra M, Filippatos G, Seferovic PM, 
Ruschitzka F, Coats AJ. Eur J Heart Fail. 2019 Jan 1 
 
52 Effects of early administration of acetazolamide on the duration of mechanical ventilation in patients with 
chronic obstructive pulmonary disease or obesity-hypoventilation syndrome with metabolic alkalosis. A 
randomized trial. Rialp Cervera G, Raurich Puigdevall JM, Morán Chorro I, Martín Delgado MC, Heras la Calle 
G, Mas Serra A, Vallverdú Perapoch I. Pulm Pharmacol Ther. 2017 Jun;44:30-37. 
 
53 Acetazolamide for the management of chronic metabolic alkalosis in neonates and infants. Tam B, Chhay A, 
Yen L, Tesoriero L, Ramanathan R, Seri I, Friedlich PS. Am J Ther. 2014 Nov-Dec;21(6):477-81 
 
54 Acetazolamide Therapy for Metabolic Alkalosis in Pediatric Intensive Care Patients. López C, Alcaraz AJ, 
Toledo B, Cortejoso L, Gil-Ruiz MA. Pediatr Crit Care Med. 2016 Dec;17(12):e551-e558. 
 
55 Single versus multiple doses of acetazolamide for metabolic alkalosis in critically ill medical patients: a 
randomized, double-blind trial. Mazur JE, Devlin JW, Peters MJ, Jankowski MA, Iannuzzi MC, Zarowitz BJ. 
Crit Care Med. 1999 Jul;27(7):1257-61. 
 
56 Effectiveness of acetazolamide for reversal of metabolic alkalosis in weaning COPD patients from 
mechanical ventilation. Faisy C, Mokline A, Sanchez O, Tadié JM, Fagon JY. Intensive Care Med. 2010 
May;36(5):859-63. 
 
57 Effect of acetazolamide on post-NIV metabolic alkalosis in acute exacerbated COPD patients. Fontana V, 
Santinelli S, Internullo M, Marinelli P, Sardo L, Alessandrini G, Borgognoni L, Ferrazza AM, Bonini M, Palange 
P. Eur Rev Med Pharmacol Sci. 2016;20(1):37-43. 
 
58 Acetazolamide improves oxygenation in patients with respiratory failure and metabolic alkalosis. Gulsvik R, 
Skjørten I, Undhjem K, Holø L, Frostad A, Saure EW, Lejlic V, Humerfelt S, Hansen G, Bruun Wyller T. Clin 
Respir J. 2013 Oct;7(4):390-6. 
 
59 Sodium bicarbonate therapy for patients with severe metabolic acidaemia in the intensive care unit 
(BICAR-ICU): a multicentre, open-label, randomised controlled, phase 3 trial. Jaber S, Paugam C, Futier E, 
Lefrant JY, Lasocki S, Lescot T, Pottecher J, Demoule A, Ferrandière M, Asehnoune K, Dellamonica J, Velly L, 
Abback PS, de Jong A, Brunot V, Belafia F, Roquilly A, Chanques G, Muller L, Constantin JM, Bertet H, 
Klouche K, Molinari N, Jung B; BICAR-ICU Study Group. Lancet. 2018 Jul 7;392(10141):31-40 
 
60 Lung volume reduction surgery in preterm infants with bronchopulmonary dysplasia. A case report. de 
Laffolie J, Hirschburger M, Bauer J, Berthold LD, Faas D, Heckmann M. Clin Case Rep. 2013 Dec;1(2):96-9. 
 
61 Lung Volume Reduction Surgery for Respiratory Failure in Infants With Bronchopulmonary Dysplasia. 
Sohn B, Park S, Park IK, Kim YT, Park JD, Park SH, Kang CH. Pediatrics. 2018 Apr;141(Suppl 5):S395-S398. 
 
62 Bronchopulmonary dysplasia: clinical aspects and preventive and therapeutic strategies. Principi N, Di 
Pietro GM, Esposito S. J Transl Med. 2018 Feb 20;16(1):36. 
 
63 Mesenchymal stem cells in the pathogenesis and treatment of bronchopulmonary dysplasia: a clinical 
review. Ann A. Simones, Daniel J. Beisang, Angela Panoskaltsis-Mortari, Kari D. Roberts Pediatr Res. Author 
 

https://www.ncbi.nlm.nih.gov/pubmed/30574005
https://www.ncbi.nlm.nih.gov/pubmed/30600580
https://www.ncbi.nlm.nih.gov/pubmed/30600580
https://www.ncbi.nlm.nih.gov/pubmed/28286047
https://www.ncbi.nlm.nih.gov/pubmed/28286047
https://www.ncbi.nlm.nih.gov/pubmed/28286047
https://www.ncbi.nlm.nih.gov/pubmed/23011176
https://www.ncbi.nlm.nih.gov/pubmed/27748700
https://www.ncbi.nlm.nih.gov/pubmed/10446816
https://www.ncbi.nlm.nih.gov/pubmed/10446816
https://www.ncbi.nlm.nih.gov/pubmed/20217045
https://www.ncbi.nlm.nih.gov/pubmed/20217045
https://www.ncbi.nlm.nih.gov/pubmed/26813451
https://www.ncbi.nlm.nih.gov/pubmed/23578004
https://www.ncbi.nlm.nih.gov/pubmed/29910040
https://www.ncbi.nlm.nih.gov/pubmed/29910040
https://www.ncbi.nlm.nih.gov/pubmed/25356221
https://www.ncbi.nlm.nih.gov/pubmed/29610158
https://www.ncbi.nlm.nih.gov/pubmed/29463286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5895100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5895100/


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 19 of 21  (TOC) 

 
manuscript; available in PMC 2018 Apr 11. Published in final edited form as: Pediatr Res. 2018 Jan; 83(1-2): 
308–317. 

64 Determinants of developmental outcomes in a very preterm Canadian cohort. Synnes A, Luu TM, 
Moddemann D, Church P, Lee D, Vincer M, Ballantyne M, Majnemer A, Creighton D, Yang J, Sauve R, Saigal 
S, Shah P, Lee SK; Canadian Neonatal Network and the Canadian Neonatal Follow-Up Network. Arch Dis 
Child Fetal Neonatal Ed. 2017 May;102(3):F235-F234. 
 
65 Current understanding and perioperative management of pediatric pulmonary hypertension. Latham GJ, 
Yung D. Paediatr Anaesth. 2018 Nov 10. 
 
66 Diagnosis and Management of Gastroesophageal Reflux in Preterm Infants. Eichenwald EC; COMMITTEE 
ON FETUS AND NEWBORN. Pediatrics. 2018 Jul;142(1) 
 
67 Anti-gastroesophageal reflux surgery in infants with severe bronchopulmonary dysplasia. Jensen EA, 
Munson DA, Zhang H, Blinman TA, Kirpalani H. Pediatr Pulmonol. 2015 Jun;50(6):584-7. 
 
68 Pediatric Gastroesophageal Reflux Clinical Practice Guidelines: Joint Recommendations of the North 
American Society for Pediatric Gastroenterology, Hepatology, and Nutrition and the European Society for 
Pediatric Gastroenterology, Hepatology, and Nutrition. Rosen R, Vandenplas Y, Singendonk M, Cabana M, 
DiLorenzo C, Gottrand F, Gupta S, Langendam M, Staiano A, Thapar N, Tipnis N, Tabbers M. J Pediatr 
Gastroenterol Nutr. 2018 Mar;66(3):516-554. 
 
69 Blood Pressure in Young Adults Born at Very Low Birth Weight: Adults Born Preterm International 
Collaboration. Hovi P, Vohr B, Ment LR, Doyle LW, McGarvey L, Morrison KM, Evensen KA, van der Pal S, 
Grunau RE; APIC Adults Born Preterm International Collaboration, Brubakk AM, Andersson S, Saigal S, 
Kajantie E. Hypertension. 2016 Oct;68(4):880-7. 
 
70 Diagnosis, Evaluation, and Management of High Blood Pressure in Children and Adolescents. Baker-Smith 
CM, Flinn SK, Flynn JT, Kaelber DC, Blowey D, Carroll AE, Daniels SR, de Ferranti SD, Dionne JM, Falkner B, 
Gidding SS, Goodwin C, Leu MG, Powers ME, Rea C, Samuels J, Simasek M, Thaker VV, Urbina EM; 
SUBCOMMITTEE ON SCREENING AND MANAGEMENT OF HIGH BP IN CHILDREN. Pediatrics. 2018 
Sep;142(3). 
 
71 Insights and implications of new blood pressure guidelines in children and adolescents. Lurbe E, Litwin M, 
Pall D, Seeman T, Stabouli S, Webb NJA, Wühl E; Working Group of the 2016 European Society of 
Hypertension Guidelines for the Management of High Blood Pressure in Children and Adolescents. J 
Hypertens. 2018 Jul;36(7):1456-1459. 
 
72 Current understanding and perioperative management of pediatric pulmonary hypertension. Latham GJ, 
Yung D. Paediatr Anaesth. 2018 Nov 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/27758929
https://www.ncbi.nlm.nih.gov/pubmed/30414333
https://www.ncbi.nlm.nih.gov/pubmed/29915158
https://www.ncbi.nlm.nih.gov/pubmed/24753497
https://www.ncbi.nlm.nih.gov/pubmed/29470322
https://www.ncbi.nlm.nih.gov/pubmed/29470322
https://www.ncbi.nlm.nih.gov/pubmed/29470322
https://www.ncbi.nlm.nih.gov/pubmed/27572149
https://www.ncbi.nlm.nih.gov/pubmed/27572149
https://www.ncbi.nlm.nih.gov/pubmed/30126937
https://www.ncbi.nlm.nih.gov/pubmed/29677052
https://www.ncbi.nlm.nih.gov/pubmed/30414333


                                                         

 

Developed by: Dr. Martin Perlsteyn, Neonatologist; Dr. Simon Parsons, Pediatric Intensivist; 
Dr. Erika Vorhies, Cardiologist Last Updated: September 2024 

Page 20 of 21  (TOC) 

 
APPENDIX 

 

Appendix A. Comparison of BPD Rates in Canada in infants born <33 weeks CGA in 2022 (top figure) and 
2016 (bottom figure).5,6 
 

 
 

 
 

In 2016 there were 26.5% of infants born <33 weeks CGA that did not meet criteria for diagnosis of 
CLD/BPD. In 2022 that number dropped to 18%. Please note than in 2022 report the number on the figure 
(82%) represents the number of infants without CLD diagnosis, hence 18% diagnosed with CLD.  
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