JULY 19-22
V¥NCOUVER, BC

JOINT AAPM | COMP MEETING

ABSTRACT

Purpose: To quantify the accuracy of airway
measurements using AirQuant on to-scale
airway models.

Methods: Six lobar airway models based on
airway measurements of three patients
using AirQuant were 3D-printed. The
modeling pipeline generates a signed
distance field of blended hollow tapered
capsules based on patient anatomy with
known luminal radii, luminal area, and wall
thickness. In total, 123 distance airways were
printed and measured. CT scans were
collected of the models submerged in rice,
mimicking lung parenchyma. AirQuant was
then used to measure airway metrics from
these scans. CT-derived metrics were then
compared to the known model dimensions.
For each metric, average error and standard
deviation were calculated. Bland Altman
analyses were run to determine mean bias.

Results: The models had a mean luminal
radius of 1.87 mm (range: 0.69 mm — 5.92
mm, the AirQuant-measured CT scans of the
model ("CT") had a mean of 1.98 mm (range:
0.76 mm —7.16 mm). The average absolute
error between the CT luminal radius and the
model dimensions was 0.19 mm (p = 5E-6).
The model had a mean wall thickness of 1.15
mm (range 0.80 — 2.05 mm); the CT had a
mean thickness of 1.62 mm (range: 1.33 —
2.39 mm). The wall thickness average
absolute error was 0.532 mm (p = 2E-24).
The model luminal area had a mean of 13.63
mm? (range: 1.71 - 113.07 mm?); the mean
CT luminal area was 15.00 mm? (range: 2.26 -
165.74 mm?). The luminal area average
absolute error was 3.28 mm? (p < 0.001).

Conclusion: While paired t-tests indicate that
AirQuant measurements are significantly
different from the model dimensions, the
mean error for luminal radius is smaller than
a high-resolution CT slice of 0.5 mm,
meaning AirQuant is accurately measuring
dimensions to within one voxel. The mean
error for wall thickness was similarly close to
0.5 mm. The error magnitude suggests that
AirQuant can reliably quantify differences in
luminal and outer radii in patient CT scans.
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INTRODUCTION METHODS AND MATERIALS

AirQuant! is a valuable, non-invasive tool for measuring
patient airway metrics from CT images.

STEP 1: Airway Model Creation and Processing

AirQuant has been previously validated with hollow,
cylindrical tubes of varying diameters, curvatures, and
limited tapering, placed in rice to represent airways in lung
parenchyma?-3.

Tubes used for validation did not represent common
anatomical variations (i.e., tortuosity, diameter change,
surface irregularity, and branching).

This study employs 3D models of lobar airway trees
created based on real anatomical variations in airways. in
measuring luminal radius and area, and wall thickness
when encountering surface irregularity, diameter change,
branching, and tortuosity seen in real airways.

The aim the study is to investigate AirQuant’s accuracy
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STEP 2: Airway Measurement Comparison
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calculated using the measured radius.

* When compared to ground truth, the mean error for wall thickness was 0.47 mm.

 The error magnitudes suggest that AirQuant can reliably quantify differences in luminal and outer
radii, and thus luminal area and wall thickness, from patient CT scans, to within one voxel. Thus, the
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