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Micro—CT-based morphological measurement and analysis of pulmonary acinar cluster in mouse
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WAXNEDEE

The mammalian pulmonary acinus is the essential and functional unit of the respiratory airways for gas exchange, which is a
vital component for breathing and the development of lung disease. With decreasing scale of airways, the acini originate in the
terminal purely conductive airways, and a group of acini stemming from the same conducting airway is defined as a cluster of
acini, which may be regarded as a secondary pulmonary lobule. Such hierarchical architecture allows the alveoli to be ventilated
by air in sequence. Therefore, quantifying such morphological characteristics in three-dimensional is critical for exploring the
respiratory function or disease processes.

In the first part of the thesis, based on the multiscale and hierarchical architecture of the lungs, a semi-automatic segmentation
algorithm was developed for extracting the complete structure of individual acini and acinar cluster from synchrotron micro-CT
(computed tomography) images of the mouse lungs. The segmentation consists of two stages: the extraction of terminal
bronchiole and the segmentation of acinus. In principle, the segmentation of the airway structure at each scale is performed by
controlling the number of repetition of 3D erosion and dilation operators. Applying this segmentation algorithm, a great amount
of acini and their cluster were collected to establish a database.

A quantitative approach was proposed to measure the morphological characteristics of pulmonary acini. In this thesis, a portion
of the collected acini, including the individual acini and the clustered acini stemming from the same terminal conducting airway,
were picked up for the morphological estimation and analysis. The volume and surface area of 50 individual acini belonging to
five clusters were estimated based on the voxel and surface mesh of segmented acini. The acinar volume was 0.09 + 0.07 mm’®
(mean + SD), and the surface area was 6.82 = 4.49 mm?, in agreement with previous studies. The volume of the acinar clusters
was 0.89 + 0.34 mm®, and the surface area was 68.18 = 17.66 mm”. As for the acinar cluster, the largest volume acinus per cluster
was found in the distal region of the terminal conducting airway, and apparent respiratory bronchioles were observed only in
large-volume acini. The pathway length and width were estimated for one cluster including 15 acini based on the skeleton of
segmented acini. The generation number of pathway per acinus was 8 + 2 (range: 6 to 12). The pathway length at lower
generations (generation 2 to 6) was increased with the generation in a single cluster, while did not significantly change at lower
generations in some acinar groups. The pathway width of alveolar ducts increased with increasing generations from 0.052 + 0.003
mm to 0.132 mm with a mean of 0.081 mm. The estimated results indicate that the acinar morphology is also heterogeneous in
small scale. Based on the estimated data, this thesis discussed the impact of location and size variation in acinar cluster from the
viewpoint of oxygen transport. As a result, it was found that even if the largest acini located at the distal region of the terminal
conducting airway, which is a disadvantageous condition for gas transport, the oxygen transport ability is enough to cover the
large volume.

The developed semi-automatic segmentation algorithm opens up the possibility to efficiently investigate pulmonary acini
statistically. The quantitative approach is well suited for characterizing the morphology of pulmonary acinar clusters. The
statistical analysis provided the distribution of each morphological characteristic that indicates the lung heterogeneity at acini
level. All measured and analyzed results (e.g., volume, surface area, length and width) can be used for further investigating the
impact of the structure on the lung functions (e.g., ventilation and gas exchange) by means of biomechanical analysis. Combining
with biomechanical analysis, the approaches proposed in this thesis may open up opportunities for quantitatively assessing the

acinar structure and functions in healthy and even diseased lungs.
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