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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.?

Current AAP Policy (2015)? 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.*

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).>¢ 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 Oxygen Flow rate
classification (at 36 weeks’ PMA or at
discharge if baby
was discharged prior to 36 weeks’ PMA)
No BPD None 21% None
Headbox or incubator >21% Any amount
Mild BPD Nasal cannula 100% <100cc/min
Nasal cannula blended air/oxygen 21-99% <1.5L/min
Nasal cannula 100% >100cc/min
Moderate BPD Nasal cannula blended air/oxygen 21-29% >1.5L/min
CPAP, SIPAP, NIPPV, NIHFV 21-29%
Nasal cannula blended oxygen >30% >1.5L/min
Severe BPD 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 % of all patients.”
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:”

~
[ Table I. BPD definition with severity
Postdischarge
Relative incidence mioriality
Definition (Data from (Data from
BPD severity {Modified from Jobe and Bancalari) Ehrenkranz et al) Ehrenkranzet al®)
HNone (0 treatment <28 d and breathing room air at 36 wk PMA or discharge home, whichever comes first 23.1% 1.8%
Mild 0 treatment at least 28 d and breathing room air at 36 wk PMA or discharge home, whichever comes first 30.3% 1.5%
Moderate 0 treatment at least 28 d and receiving <30% O, at 36 wk PMA or discharge home, whichever comes first 30.2% 20%
Severe (type 1) 0 treatment at least 28 d and receiving =30% 00 or nasal CPAPVHFNC at =36 wk PMA 16.4% 4.8%
LSe'.iena (type 2) 0 treatment at least 28 d and receiving mechanical ventilation at =36 wk PMA. )

HFNC, high flow nasal cannula; 0z, oxygen.

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%.”
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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.?
Chronic aspiration with or without gastroesophageal reflux disease (GERD) - the prevalence and
significance of GERD in children with BPD is not well researched.?

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.!?

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 steroids!?, surfactant therapy, open lung volume strategy!3, early caffeine usel* 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.1®

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.1®

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.1”

Postnatal administration of inhaled steroids does not seem to play a role in prevention of BPD.18

Link to NICU BPD Guideline.
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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 Ipm and FiO2 > 50% for nocturnal oxygen saturation goals 92-97%
«  CO2 > 50 mmHg
Significant work of breathing
= Hypoxic spells for any reason
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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.”

- y
Table ITI. Comparison of ventilator strategies and goals during progression of early disease to established sBPD (modi-

fied from Abman and Nelin®™)
Early (prevention) Strategies to prevent acute  Low tidal volumes (3-5 mL/kg)
lung injury Short inspiratory times (0.2-0.3 seconds)

Increased PEEF for lung recruitment without overdistension

Strategies for gas pxchange  Adjust Fi0: to target Sp0; (range: 91%-95%)
Permissive hypercapnia

Late (established BPD) Strateqies for gas exchange  Marked reqgional heterogeneity

Larger tidal volumes (10-12 mL7kg)
Longer inspiratory times (=0.6 s)
Airways obsiruction
Slower rates allow for better emptying, especially with larger tidal volumes (10-20 bpm)
Complex roles for PEEP with dynamic airway collapse
Interactive effects of ventilator strategies
Changes in rate, fidal volume, inspiratory and expiratory times, and pressure support are highly interdependent
Overdistension can increase agitation and paradoxically worsen ventilation

Strateqies for gas exchange  Adjust AQ. to target higher Sp0; (92%-95%)
Permissive hypercapnia to facilitate weaning

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 PHT!? and mortality overall.?°There 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.??

= Inthe 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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Figure 2
Kaplan-Meier plot stratified by noctural hypoxemia. SpO2, percutaneous oxygen saturation.
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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%.28 24 2> 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.

CO;, 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 CO- longer term:2¢

Table 3
Subgroup analvsis
Therapeutic aim (none vs reducing Reference numbers  Number of patients Treatment effect (WMD 95%  Study heterogeneity
PaCO4) (treatment/control) cn

P P-value
Mortality 5.11,24,25/12, 26 4017396 0.78 (054 t0 1.13) 0.19 0.003
PaCOy 5.11,24,25,27/12, 300296 —3.73 (-5.83t0—1.64) 0.0005 93.3%,

26 0.0001

Pa0; 5,11,24,25,2712, 193/192 0.54(-026t03.14) 069  0.0%,091
26

Notes: Treatment, treatment group: control, control group

Abbreviations: PaCO,. partial pressure of carbon dioxide: PaO,, partial pressure of oxygen: WMD, weighted mean difference; C1. confidence interval

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.2”

= However, animal studies point to a protective effect of chronic hypercarbia on pulmonary
hypertension.28 27

« Alarge 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.3°

Currently there is no known optimal CO- 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.3> 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.3¢

Currently accepted echo criteria for diagnosis of PHT in BPD infants include presence of any of the
following:29 3136

= 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 situations3:
« 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.3¢

PPHNet 2017 Clinical Screening Guideline for PH associated with BPD:”

Datermination of BPD
Severity at 36 Weeks PCA

Severa res piratary
disease and/or signs and
symploms of pulmonary
hypertenzion at any stage
(see text)

!
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Figure. Clinical appreach for the evaluation and freatment of PH in BPD infants. ECHO, echocardicgram; LVDD, LV diastolic
dysfunction: Cw. cxygen; SAP, systemic arternal pressure.
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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:

Intermittent or sustained hypoxemia

Aspiration

GERD

Structural airways disease

Thyroid disease

O O O O O

Identify and Manage Cardiac Co-morbidities
o Cardiac co-morbidities can occur >50% of infants with BPD and PHT3* 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.¢

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.3¢ 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.3¢
Inhaled nitric oxide (iINO)

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 iINO therapy.3¢

» 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.3¢
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Evaluation and Management of Moderate-Severe PHT Associated with BPD:3*
Mod/severe PH
Echo findings
*Abdominal ultrasound BPD infant > 2 mo.
*Thyroid, liver function
Ovir:;gél;:nunlzfa?:;netry H=>3 *Consider lung TX
. stenotic PV *Stenting/surgery
GERD treatment ‘ Multislice CT scan > as bridge toTX
Cardiac Yes Infant condition allows MNo Significant
catherization catheterization? SHUNT Dg
by echo/CT?
Significant
ASD/PDAJSPC?
No Yes
Percutaneous
closure
feasible? Yes No
No Surgical
Yes
> shunt closure

if predominant
left—right shunt

Percutaneous

hunt ol Persistent
shunt closure —————> PH?

No Yes
N

* Start PH drug therapy Follow-up * Start PH drug therapy

* Close follow up * Close follow up

* 2nd catheterization * Catheterization
according to response according to response

Fig. 4. Diagnostic and therapeutic algorithm for patients with bronchopulmonary dysplasia
and pulmonary hypertension. PH, pulmonary hypertension; BPD, bronchopulmonary dyspla-
sia; GERD, gastroesophageal reflux disease; CT, computed tomography; ASD, atrial septal
defect; PDA, patent ductus arnteriosus; SPC, systemic to pulmonary collaterals.

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 long-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
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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

Systemic corticosteroids®2®  Hydrocortisone: 1.25mg/kg/day IV/PO Infants older than 14 days with =60% risk for BPD
Taper based on individual patient per NICHD outcome estimator
Dexamethasone: 0.075mg/kg/dose IV/PO BID for Infants with severe BPD, requiring invasive
8days (total 0.89mg/kg over 10days) mechanical ventilation beyond 36 weeks’ PMA
Taper based on individual patient Infants with severe BPD, requiring respiratory
Prednisolone: 1mg/kg PO support beyond 40 weeks' PMA

Prolonged course based on clinical status

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.37 40

There has only been on RCT of inhaled fluticasone in BPD for the first year of life showing no benefit.4!

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 BPD#4, but may have a role as rescue therapy in severe BPD
in the NICU.#* It has not been studied in late established BPD.

Azithromycin:
Azithromycin used to treat airway colonization with Ureaplasma may prevent BPD.#¢ 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.?® 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 CO;, 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.*?

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.>®

Obviously if right and/or left heart failure is present diuretic use may be clearly indicated.>?
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Acetazolamide:
Acetazolamide reduces CO3 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. 32 53 34 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. > Most BPD patients have chronic metabolic alkalosis.

Lung reduction surgery:
Lung reduction surgery is reported in BPD.%0 ¢!

Stem cell therapy:
Studies are underway to look at the effects of autologous intra-tracheal stem cell therapy in BPD.%2 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.®*

»  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.%>

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.®® However rarely chronic reflux and/or aspiration may require anti-reflux surgery
and this may improve lung disease in post-term infants with CLD.¢” 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.%8

Hypertension - is common for unclear reasons in ex-preterm infants, especially those with BPD and
can persist into adulthood.®” There are recent relevant American and European guidelines.”0 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.
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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 CO», 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 PPl and H? 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 HFand 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:

» Al NICU BPD cases requiring HFNC or invasive (V) 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.

= Al 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)
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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)

> |ate 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 I[pm 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
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APPENDIX

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

o 'I:Irurnbnr }‘GIJF]_'I.]?IEI: of MNumber Eumbnr :;um'b-e: MNumber Mumber of umber of
oeal surviving of of P B
GA number e neanates whose | CLD neonates | o e nconates | with CLD Lo e
who died . . . with with . : .| withpu
of befre 36 | PESRITLICTY Eram with A P with mild | but severity CLD
mEDRALes o support is known CLD LD CLI, unknown, - {'-f,:l
— unknown® resulis N I'%:'I . ﬁ"::l B () ™ (%) :
<38 381 136 a S 14949 54 2T 2142 [y 14T 25 (14)
B
[Chsch 21 31y 13 (5 5% 1] 514
35,35 i 0 o Ao 3 a5 (20 131 (41} 20 11 {3 B3 (20
- als T
[Hsch 124 504 35 (2R) B4 LA A% {55)
27.38 283 34 i Sitow 454 51 {12 1449 {54y 410 X)) L%5 (44
] o ? Dhsch 30 2( 74.(24) 21(7) 6 (2) 206 (57)
39.30 1118 a1 2 Ao 143 EE R AT (30 A0 i (1] IR 45
) Dhzch 52 4 {1} abildy 2003 LX) 545 (B4)
3132 1 554 a5 a L At 54 .14 [} a7 (11) 34 (% Tl AR 7T
i = [Hech | 885 e 46 (3] 15 (2 4 0 &5 (92
Tetal 4321 o 12 Sitow 2034 212 (1) 217 2% 184 (0 4302 1ITHE (53)
i i Disch | 1998 19 (1) 813 G913 22 (1) 1640 (82

Presentation #46
Chronic lung disease (CLD): GA<33 weeks: Site specific crude rates

GA at birth

Site <25 | 2526 | 2728 | 230 | sz | Dverall CLD mie
for wites

A 100L0 [ 1000 EEX] 231 47.1 57.1
H 1.0 4.4 15.8 0.0 AR 9.0
C . G0 (.0 0.0 AR 120
] 1000 Gh.7 333 6.3 132 178
E 1000 Hh.7 420 16,7 21 194
F 1000 TLO 54.3 18.0 T8 33.0
G 1000 T 420 2.0 4.2 269
H . (0.0 (.0 0.0 XL XL
I Bd.6 73T G40 139 100 6.4
1 35.0 15.6 EX 3.9 34 2.3
K 100.0 T5.0 353 11.8 00 121
L G0 [ 250 71 4.0 206
M 100.0 58.3 11.1 7.4 AR 16.8
] 100.0 529 51.9 14.8 i3] 278
8] T5.0 500 16.7 192 T4 205
P 100.0 333 333 0.0 6.0 14.0
Q 1000 333 41.7 9.1 5.4 169
R BO.0O 632 45.0 364 24.1 6.4
5 . 400 2806 14.3 0 14.7
T 100.0 G0 25.0 83 2.3 18.5
u 10000 00 0.0 00 4.8
v Q938 57.1 460 382 9.4 337
W 500 500 400 a5 32 14.7
X 1000 23 303 17.4 i 230
¥ 1000 THh9 35.7 0.3 4.7 219
Z BR2 TR3 630 4.6 261 A6
AL 100.0 B33 462 19.4 0 12.1
AB B B42 373 28 5.4 325
AC 1000 500 24.0 16,7 6.7 220
AD Th.5 [k R 56.3 250 . 325
Orwverall CLI
rate for GA B3T 508 381 182 a1 265
£

roup
Total number of necnates = 3 984
254 necnates were excluded due to death prioe to week 30 or first admission afrer week 36
MA = Dara not available

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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