Australian Synchrotron

User Meeting:2020" °

Contribution ID: 239 Type: Oral

Capturing lung health in animal models of
ventilator-induced lung injury and cystic fibrosis using 4D
X-ray imaging
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Introduction:

Lung disease, including chronic respiratory conditions and thoracic cancers, is Australia’s second
leading cause of death [1]. Furthermore, the current COVID-19 pandemic has acutely highlighted
the importance of understanding acute respiratory distress syndrome and mechanical ventilation.
Lung health is typically measured in the clinic by functional measures such as spirometry and
structural measures from CT images, but neither can identify regional changes in lung function. The
regional manifestation of lung disease and the dynamic nature of the lung means that experimental
in vivo 4D X-ray imaging is ideal for detailed analysis of the lung in health and disease. The imaging
and medical beamline (IMBL) at the Australian Synchrotron provides a wide, monochromatic X-
ray beam, with suitable flux for high-speed in vivo imaging of small animals such as mice and
rats. Here, we demonstrate the methods and preliminary results from two studies of dynamic lung
imaging and X-ray velocimetry (4DXV) [2] analysis of mouse models of ventilator-induced lung
injury and rat models of cystic fibrosis-like lung disease.

Methods:

The X-ray beam was set to an energy of 25 - 30 keV, with exposure lengths of between 0.02 - 0.04
seconds, suitable for the imaging of lung tissue in either mice or rats (respectively). The sample-
to-detector distance was 3 metres, for capturing propagation-based phase contrast images of the
lungs. Animals were anaesthetised, surgically intubated (according to University of Tasmania and
University of Adelaide animal ethics committee approvals), and attached to a small animal ventilator
(4DMedical) to acquire breath-cycle gated images.

A four-dimensional computed tomography image acquisition was conducted with 12133 projection
images of the lungs captured over a 182 degree rotation for one 4DCT scan. This resulted in 15
phases (CT images) in the 4DCT sequence and took 3.5 - 11 minutes, depending on the mechanical
ventilation rate. The Ruby X-ray detector was used with a pixel size of between 19 - 24 mu;m. The
X-ray beam width (field-of-view) was set to either 2.4 cm (for mouse lungs) or 4 cm (for rat lungs).

Projection images were captured as hierarchical data format version 5 (hdf5) and binned into the
phases of the breath cycle on the Australian Synchrotron’s computing infrastructure environment
(ASCI). Customised code provided integration of the projection images with the CSIRO X-TRACT
CT reconstruction software [3], whereby images were reconstructed using the transport-of-intensity
equation (TIE) phase retrieval algorithm [4]. The reconstructed CTs from both studies were trans-
ferred to MASSIVE, a dedicated computing cluster environment for image processing and visuali-
sation [5], and the 4DXV analysis [2] was applied to the data.

Results:

An example of a resulting CT of a mouse lung is shown as a slice image in panel (c) of the figure.
4DXV results are shown in the figure from a normal rat (a) before, and (b) after delivery of sterile
agar beads into a single lobe of the lung. The colour bar represents the lung tissue expansion
(in voxels), whereby the dark blue region indicates a region of low expansion, due to the agar
beads blocking the airways, in a similar manner to the mucus obstructions that are a hallmark of
cystic fibrosis disease. Panel (c) shows the lung detail from a CT slice of mouse lungs from the
ventilator-induced lung injury study, taken at the beginning of mechanical ventilation, with a peak
inspiratory pressure of 12 cmH<sub>2</sub>O and zero positive end-expiratory pressure. The



scale bar represents 2 mm. The anatomical detail of the lung can be seen as airways (1), blood
vessels (2), lobe fissures (3) and fat and muscle layers (4).

Conclusions:

We have successfully performed dynamic in vivo CT imaging and 4DXV analysis of lungs on the
Australian Synchrotron IMBL. We have investigated two pre-clinical models: a rat model of cystic
fibrosis-like disease, and a mouse model of ventilator-induced lung injury. In addition to the on-
going studies of ventilator-induced lung injury, new pre-clinical studies are planned for testing the
efficacy of novel drugs for the treatment of antibiotic-resistant bacterial lung infections.
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