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Research Purpose and Summary:

Lung disease and respiratory failure is a major cause of
death in adults and children and is the greatest cause of
death and disease in newborn infants. To reduce the
burden of these diseases it is necessary to greatly
improve our ability to image the lung, particularly the
small airways, which harbour much of the pathology
caused by lung disease.

Phase contrast (PC) X-ray imaging exploits the
variations in refractive index between biological tissues
to increase the visibility of tissue boundaries. The lung is
ideally suited to PC X-ray imaging because it is mainly
comprised of air (~80% at end-expiration), divided by
thin tissue structures (mainly water). The air-tissue

interfaces provide large variations in refractive index,
which make the normally invisible air-tissue boundaries
highly visible. PC X-ray imaging is the only imaging
modality that can provide video speed images and also
reveal the airways at the micron scale in live animals. In
our previous studies at SPring-8 we have used PC X-ray
imaging to study the dynamics of lung aeration in
spontaneously breathing rabbit pups as well as
mechanically ventilated pups that were born premature.
Our results have provided a new understanding of how
the lung normally aerates at birth and how to improve the
ventilation of infants born very preterm.

Our proposed research program has two major
objectives. The first is to exploit the major advances we
have made in phase contrast X-ray imaging and
experimental procedures to:

a. |dentify better ways to ventilate very preterm infants
and,

b. Study the onset and progression of adult lung
diseases (fibrosis and emphysema).

Our second objective is to continue the development of
imaging and analytical procedures that allow us to
answer major biomedical questions in neonatal and adult
lung biology.

Expected Outcomes:
Our research program can be separated into two closely

inter-related and inter-dependent components. These
include; (i) experiments focussing on important
biomedical issues in lung biology and (ii) continued
development of complex imaging and analytical
techniques, which are required to address many of the
guestions we have raised.

The biomedical questions, upon which we will primarily
focus, extend the research we began during our previous
long term project and include experiments in adult lung
disease models. Although our discoveries have advanced
our understanding of lung aeration at birth, many
questions remain unresolved and phase contrast X-ray
imaging has the capacity to answer them. In particular,
we need to know:
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(i) How lung aeration initiates the physiological
changes, particularly the increase in pulmonary
blood flow, that are essential for the transition to
air-breathing at birth,

(it) More about the treatments and ventilation
procedures that enhance lung aeration in
mechanically ventilated very preterm infants and

(iif) Which ventilation procedures injure under-
developed (preterm) lungs and should be avoided.

Continued development and refining of our imaging and
analytical techniques will greatly enhance our ability to
answer these increasingly complex biomedical questions.

In particular, we will;

(1) Further develop methods to measure regional lung
motion using a technique called Particle Imaging
Velocimetry (PIV) to detect movement
abnormalities and regional shear stress during
breathing,

(i1) Develop imaging and analytical techniques that
allow digital subtraction of the ribcage from lung
tissue images to more accurately measure air
volumes and track lung movement.

(iif) Combine the conventional method of imaging
blood circulation (angiography) with phase
contrast X-ray imaging to investigate the
relationship between lung aeration and pulmonary
blood flow.
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