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Identifying mechanisms to improve newborm
respiratory function using phase contrast
X-ray imaging
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[BEIAVK]
In this Long-Term Proposal, the group led by Prof. Hooper
is aiming to identify approaches and interventions that improve

the transition to air breathing at birth in 1) premature
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spontaneously breathing newborns, and 2) near-term newborns
who suffer from transient tachypnea of the newborn (TTN),
based on the findings and techniques developed during the past
Long-Term Proposal.

Non-invasive ventilation support often fails in premature
newborns, and the group investigated the reason in the previous
Long-Term Proposal. The first aim of this Long-Term Proposal
is identifying methods to enhance spontaneous breathing and
make non-invasive respiratory support successful in premature
newborns. For this purpose, effects of the arterial oxygen
saturation (Sa0;) level and physical stimulation are planned to
be investigated. As TTN is a major clinical problem, the second
aim of this Long-Term Proposal is clarifying how TTN causes
respiratory morbidity in near-term infants. For this purpose, by
tracking airway liquid, effects of positive end-expiratory
pressure and elevated airway liquid volumes are planned to be
investigated. For the development of the phase contrast
imaging technique with higher spatial and temporal resolution,
anewly introduced sSCMOS camera will be tested and utilized.

This proposal makes use of the unique features of SPring-8
to solve medically critical problems. The results are expected to
offer important information for improving resuscitation of
neonates which cannot be obtained by any other techniques.
Therefore, the committee recommends that renewal of the

proposal be approved as proposed.

[REREIEE T & DFHE]

The transition from fetal to neonatal life is arguably the
greatest physiological challenge that every human must
overcome to survive. Most infants make this transition with
remarkable ease, but 1 in 5 require some assistance. While the
majority of these infants are born premature, many healthy
infants born at or near-term also require assistance. These

babies often experience complications as the lungs are unable

to support the needs of the newborn to commence air-breathing.

To reduce the disease burden, we need to better understand
mechanisms regulating the transition from fetal to newborn life
and how best to assist this process at birth. Our research aims to
provide a better understanding of these critical processes using

phase contrast X-ray imaging to visualise the lungs in living-
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breathing animals at the micron scale in real time, something
that no other imaging modality can achieve.

Our previous projects have provided a new understanding of
how air-breathing is initiated at birth and has generated pre-
clinical evidence for improved/novel respiratory support
strategies to improve lung aeration in newborns. Our most
recent long-term project focused on imaging the lung and
larynx of spontaneously breathing premature newborn rabbits
receiving non-invasive ventilation. We confirmed that at birth
the larynx is predominantly closed and only opens during a
breath, preventing the success of non-invasive respiratory
support to ventilate the lung. This provided the first evidence to
explain why non-invasive ventilation often fails in premature
newborns clinically. Since this discovery, we have investigated
mechanisms to support larynx function and spontaneous
breathing to improve outcomes. This work has led to
international clinical trials and changed newborn resuscitation
guidelines. More recently, we demonstrated that greater
volumes of airway liquid volumes at birth have adverse effects
on newborn lung structure and function. This provided the first
physiological evidence underpinning respiratory problems in
otherwise healthy near-term babies who develop transient
tachypnea of the newborn requiring admission to the neonatal
intensive care unit for respiratory support.

Our recent studies have provided the basis for our next long-
term proposal as we continue to work towards identifying
mechanisms and interventions to improve the transition from
fetal to newborn life. In Aim 1, we will continue our work
investigating mechanisms including (i) oxygenation, (ii)
physical stimulation and (iii) nasal high-flow therapy to support
larynx opening, spontaneous breathing and lung aeration, to
promote the success of non-invasive respiratory support in
premature newborns. In Aim 2, we will investigate how
transient tachypnea of the newborn causes respiratory
morbidity in nearterm newbormns. We will specifically
investigate mechanisms (i) underlying airway liquid
movement, (ii)) downstream effects on the cardiorespiratory
transition and (iii) respiratory support strategies to improve
cardiorespiratory function in newborns with greater volumes of

airway liquid at birth.



Expected Outcomes
Our work will provide pre-clinical evidence for the

fundamental mechanisms regulating the transition to newborn

life. We will identify the most effective targets to support the

transition from fetal to newbom life to improve respiratory
function.

(1) We will determine the oxygen saturation level above
which premature rabbits have an open larynx and exhibit a
stable breathing pattern, allowing non-invasive support to
ventilate the lung.

(i) We will identify the most effective physical stimulation to
promote spontaneous breathing following a period of
apnea (temporary cessation of breathing common in
premature babies).

(iii)) We will gain greater understanding of the effect of nasal
high flow therapy (alternative form of non-invasive
ventilation) to support lung function in premature
newborns.

(iv) We will provide the world’s first demonstration of airway
liquid movement after birth and show that the liquid can
move between the airways and lung tissue during
breathing. We will then identify the most effective
ventilation strategy to support airway liquid clearance and
improve cardiorespiratory function in newborns with
elevated airway liquid volumes.

(v) We will continue developing imaging and analytical
techniques that allow us to answer major biomedical
questions and identify advances to reduce radiation risks in

the clinical setting.

Ultimately, these findings will provide the basis for future
clinical trials that will influence newbom management

guidelines to prevent or minimise the severity of newborn

respiratory complications.
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