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The Challenge of Immature Respiratory
Control in a Developing Lung

> Where have we been?

» The challenge of ongoing respiratory
morbidity

» Linking immature respiratory control and
respiratory morbidity

» Exploring underlying mechanisms



Advice for an Entry Level
Neonatologist in the 1970s

“A solution for prematurity is at hand”.
Implication: this is a risky career move

“All the respiratory problems have been
solved”. Implication: avoid
respiratory research
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APNEA IN PREMATURE INFANTS: MONITORING, INCIDENCE,
HEART RATE CHANGES, AND AN EFFECT OF
ENVIRONMENTAL TEMPERATURE

William J. R. Daily, M.A., M.D., Marshall Klaus, M.D., and
H. Belton P. Meyer, M.D.

ABSTRACT

“...Continuous monitoring of respiration in

small infants is now clinically feasible.”
Pediatrics 1969






The Challenge of Immature Respiratory
Control in a Developing Lung

> Where have we been?

» The challenge of ongoing
respiratory morbidity

» Linking immature respiratory control and
respiratory morbidity

» Exploring underlying mechanisms



The BPD Challenge
» Incidence in ELBW infants approaches
40%
» No clear definition
» Animal models remain a challenge

» Strong relationship with
neurodevelopmental handicap



Neonatal Morbidities at 22-28 Weeks’
Gestation [1993-2012]
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Limitations of Current Definitions of BPD for the
Prematurity and Respiratory Outcomes Program

25-26 week GA (n=277)
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Association between BPD Incidence and 1Q Deficit
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Alrway Hyperresponsiveness in
School Children Born Very Preterm
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Adult Progression of Bronchial Responsiveness
after Term and Extremely Preterm [EP] Birth
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Ventilation in Extremely Preterm Infants
and Respiratory Function at 8 Years

Lex W. Doyle, M.D., Elizabeth Carse, M.D., Anne-
Marie Adams, Ph.D., Sarath
Ranganathan, Ph.D., Gillian Opie, M.B., B.S., Jeanie
L.Y. Cheong, M.D., for the Victorian Infant
Collaborative Study Group

N Engl J Med
Volume 377(4):329-337
July 27, 2017
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Days of Respiratory Support in Extremely
Preterm Infants [<28 wk]

Endotracheal ventilation
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Expiratory Flows at 8 Years
of Age in Each Period

1997 2005
Variable (N=112) (N=123)
FEV,
Raw value — liters 1.43+0.30 1.25+0.28
z score -0.65+1.30 -1.19+1.177

Percent of predicted value ~ 92.0+15.7 85.4+14.47
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The Challenge of Immature Respiratory
Control in a Developing Lung

> Where have we been?

» The challenge of ongoing respiratory
morbidity

» Linking immature respiratory
control and respiratory morbidity

» Exploring underlying mechanisms



Physiologic Pathways Leading to
Mechanisms of Action
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Risk of
Bronchopulmonary Dysplasia

“The only treatments that have reduced the
Incidence of BPD in randomized trials
without serious adverse events In premature
Infants are caffeine and vitamin A”.

Laughon: JAMA Pediatr 2014



Mean Number of Desaturation Episodes in Infants of
24 to 28 Weeks’ Gestation Over the First 8 Weeks
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IH per Day
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Oxygen Desaturations in the Early Neonatal
Period [15' 4 wks] Predict Development of BPD

“Measures of desaturation, but not

bradycardia, significantly added to the predictive
model. Desaturation metrics also added to clinical
risks for prediction of severe intraventricular
hemorrhage, retinopathy of prematurity and

prolonged length of stay in the NICU”.

Fairchild KD, et al: Pediatr Res 2018



POTENTIAL CAUSAL PATHWAYS BETWEEN INTERMITTENT
HYPOXIA AND BRONCHOPULMONARY DYSPLASIA
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Potential Consequences of Immature

Respiratory Control
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Postnatal Intermittent Hypoxia/Reoxygenation

Oxidative Stress Inflammation
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Longer Term Sequelae

Adapted from Ryan S, et al: Thorax 2009




Inflammatory Pathways Associated with Intermittent Hypoxia in
Obstructive Sleep Apnea
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Proposed Central Role for Respiratory Control in
Mediating Inflammatory Responses

IMMATURE
RESPIRATORY CONTROL

CHORIOAMNIONITIS

PROINFLAMMATORY INTERMITTENT HYPOXIA/
RESPONSE REOXYGENATION

POSTNATAL SEPSIS




Immature or impaired
respiratory control
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response hypoxia/reoxygenation
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The Risk for Hyperoxaemia after
Apnoea, Bradycardia and Hypoxaemia in CPAP-
treated Preterm Infants
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Intermittent Hypoxia during Recovery from
Neonatal Hyperoxic Lung Injury Causes Long-term
Impairment of Alveolar Development:

A New Rat Model of BPD

Exposures
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Mankouski A et al: Am J Physiol Lung Cell Mol Physiol 2017



Intermittent Hypoxia during Recovery from Neonatal
Hyperoxic Lung Injury Causes Long-term Impairment of
Alveolar Development: A New Rat Model of BPD
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The Contribution of Intermittent Hypoxemia
to Late Neurological Handicap in Mice with
Hyperoxia-induced Lung Injury

Ratner V, Kishkurno SV, Slinko SK, Sosunov SA, Sosunov AA, Polin RA, Ten VS

“Our results suggest that intermittent hypoxia
associated with hyperoxia-induced lung injury, but
not lung injury itself, results in significant
neurological handicap in neonatal mice with BPD”.

Neonatology 2007; 92(1):50-58



Longer-term Effects of Intermittent Hypoxia
[IH]xHyperoxia on Respiratory System
Resistance in Neonatal Mice
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Oxygen & Free Radicals: Protein Inflammation
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Oxygen & Free Radicals:
Lipid Peroxidation Biomarkers

Lipid peroxidation
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Potential Maturational Parallels?

Apnea . BPD

Adverse
Qutcomes

Adverse
Qutcomes

Adults Neonates



Prematurity-related Ventilatory
Control [PreVent] 2016-

An NHLBI sponsored multicenter observational
study to investigate mechanisms of ventilatory
control that contribute to the risk of respiratory
morbidity in preterm infants

Case Western  Northwestern « UAB
Univ Miami « Washington Univ « UVA
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