T AHAHZIZKObstructive Lung Disease) Volume 10, Number 2, July, 2022

Traditional and Emerging Al-based Applications for Chronic Obstructive Pulmonary Disease on Chest CT

Chronic obstructive pulmonary disease (COPD) is a progressive dyspnea disease comprised of emphysema
and chronic bronchitis. Although spirometry is a clinically confirmatory method, quantification on
computed tomography (CT) is widely used for COPD assessment. CT images are used to visualize anatomical
structures as well as quantification of COPD. For quantitative analysis of COPD, methods for analyzing
emphysema and chronic bronchitis have been developed on CT. With computer algorithms, threshold-
based analysis for emphysema, small airway disease analysis using registration, and vessel alteration analysis
accompanied with COPD are possible. In addition, the recent rapid development of artificial intelligence (Al)
has made it possible to analyze COPD without human interaction by segmenting the lung organs. Al-based
automatic analysis of COPD is now applied in the real clinical field aiding COPD diagnosis and evaluating

drug responsiveness. Herein, we reviewed various analytic methods for COPD on CT images.
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Figure 1. Emphysema measurement of a patient with GOLD stage 4 on CT. (a) Different colors in coronal image
represent different lobes with emphysema less than —950 HU. (b) Histogram of segmented lung. It shows that
percentage of less than -950 HU is 28% of total lung volume.
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Figure 2. Coronal CT images (a & b) obtained from inspiration state in a patient with GOLD stage 2. (a) Non—overlaid
coronal image. (b) Color overlaid coronal image of emphysema air-trapping composite (EAtC). Areas with functional
air—trapping analysis (fAT) are displayed in orange, areas with emphysema are displayed in red, and areas with normal
are displayed in sky blue. (c) Lung volume distribution is plotted on joint histogram of EAtC mapping. fAT without
emphysema, fAT with emphysema and normal area of joint histogram are displayed in yellow, orange and sky blue,
respectively.
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(a)

Figure 3. Airway measurement of a patient with GOLD stage 4 on CT. (a) Airway structure is segmented on CT and then
skeleton of segmented airway is obtained. (b) Based on the skeleton, airway measurement is performed using integral-
based half-band method. Measured wall area percentages are overlaid with different colors.
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Figure 4. Lobar depth—based pulmonary vessel analysis of a patient with GOLD stage 4 on CT. (a) Coronal image with
segmented pulmonary vessels which are color overlaid in red. The white line means the segmented surface at a depth
of 15 mm from the pleura by each lobe. (b) 3D image shows segmented pulmonary vessel and surface at a depth of 15
mm from the pleura.
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Figure 5. AVIEW COPD of Coreline Soft with kernel conversion. (a) Standard dose CT with soft kernel image,
emphysema index was 24%. (b) Low dose CT with sharp kernel image, emphysema index was 28%. (c) Low dose CT

with converted soft kernel. By applying kernel conversion, emphysema index was 23% which is nearly identical with
emphysema index of standard dose CT with soft kernel.
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LUNG DENSITY ANALYSIS™
FUNCTIONAL ASSESSMENT
WHY IS FUNCTIONAL ANALYSIS IMPORTANT?

w January 15, 2009
e April9, 2021

Standard Clinical Assessment

SUBJECT A SUBJECT B SUBJECT C SUBJECT D

GOLD 2 2 2

FEV1,, % % 61% 2
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(air-trapping)
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Figure 6. Lung Density Analysis of Imbio. Lung Density Analysis is fully automated image analysis software. Images
show the parametric response mapping result and the report of Lung Density Analysis — Functional, courtesy of Imbio.

g Al‘:]'(Flgure 5)
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ARE o2 Heb ¥ S Bstal WA« 7|9kt {71 FHe} g A4 JEE FA i, 29 52 o

A8 PJLEZ AFUT Lung Density Analysis — Functional2 §7]9 2712 299 4= o1&ste] PRM
g WYL= AT (Figure 6).
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{8t F4tok %(subpleura view)E Aokl 4&7]|% Ast E@.% A3t A9 754 =% (disease probability
measure, DPM) 7|52 A3t (Figure 7).
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A& 4= Sk Airway Inspect H7] A= HE £6HARE et {9 £k Xﬂ*“o};‘] ol 9=, F2, of
= 35Ecto] YAl 7Rkt H7]% 41 1139 &4 2aE A5t 7] A 7152 E3betal 9l
o] FWHM %4 52 4-&sto] Yotz A& 4 4= AUtk 3D Slicere= Bt A& A2 E9oje} th=A HAs
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Al Enabled Quantification Impactful Visualizations
Density

ags

Figure 7. VIDA Insight of VIDA. Image shows the quantitatively analyzed extent of emphysema by segmenting the
lungs and lobes. VIDA Insight provides impactful visualization views that are topographic multiplanar reformatted view
for airway and subpleural view for interstitial lung disease, courtesy of VIDA.
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