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® QCT Imaging-Based Structural and Functional Metrics
® Airway Structure and Lung Function Differences:

- Korean Asians vs. White Americans

- Healthy Koreans vs. Cement Dust Exposed Koreans
® Asthma Attack vs. Lung Function Recovery

® Aerosol Delivery for Healthy Subjects vs. Asthmatics

® 1-D Airway Resistance and Compliance Modeling
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Derivation offQCI Imaging-Based

Structural and Eunctional Vietrics




QCT-based Segmental Structural Variables

VIDAN i, i

Transforming Lung Care

in the Age of Intelligence

TLC : Total lung capacity Pulmonary automatic segmentation program
FRC : Functional residual capacity

Wall Area
Luminal
Area
Total Area
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Segmental STRUCTURAL VARIABLES

» Wall thickness (WT), Bifurcation angle (), Circularity (Cr) and
Hydraulic diameter (D,)

¢ 4
i, .
e, s
& \ P
major axis
C — _
' minor axis WT - Douter Dave
0.985 1.333
0.977 1.429 g = COS_l dl ’dz
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QCT-based Structural and Functional Metrics

Insight Segmentation
and Registration Toolkit

itk

TLC : Total lung capacity
FRC : Functional residual capacity

a
COPD E Normal lung
e ey g _700 L O fSAD
= B Emphysema

Destruction
of alveolus

Inspiratiol

Expiration (HU) §

o

Inspiration (HU)

Narrowed
bronchiole ~ “=

-1,000 -950 -900 -850 -800 -750 -700 —650
Expiration (HU)

Galban et al. 2012 (Nature Med)
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IMAGE REGISTRATION TECHNIQUE

> A mass preserving image registration* is employed to match two sets of images.

» Assume that tissue volume remains the same between two inflation levels.

TLC (Inspiration) FRC (Expiration)

Cost Function
(SSTVD)

!

)

{C = Z (Vursesfue (x) - thssue (T()) )1

> F@

T(x) defined by B-splines

Warping Function
(B-splines)

*Yin et al. (2009, Med Phys)

> Flo

Floating Image I Warped Image I,(T (x))

of control grids

SSTVD: sum of squared tissue volume difference
L-BFGS-B: Optimize displacements of control grids



REGISTRATION-DERIVED METRICS

Air volume change:

air

AV, () =V () =V, ! (T(x))

Jacobian:

J =444

Anisotropic Deformation Index*:

ADI = (—A_XZJ {—’12_%)
4, A3

Air volume change:
Local air volume difference between TLC
(reference) and FRC (floating)

J (The determinant of Jacobian):

Local volume ratio of TLC to FRC including
tissue and air volumes

(/>1 : Expand, J=1: same, J<1:Contract)

ADI (Anisotropic deformation index):

ADI increases, if one or two directional
strains are greater than others. If it deforms
isotropically (A,= A,= A;), ADI is zero.



QCT-based Structural and Functional Metrics

a. Inspiration image-based local structures:

b. Expiration image-based global and lobar
6, Cr, WT*,and D,.*

c. Inspiration image-based global and lobar

function: AirT% function: Emph%
".‘A .
LY ’,4 Fl ”
sRULE p .
. " . . L, .
i »
"'; (» sLuL
."’ ] 1
& A »
-~y
- N
B a . “
. siil E ‘. ..
’ -l

2

* 10 local regions: Trachea, RMB, LMB, Bronint, TrilLB,
sRUL, sSRML, sRLL, sLUL and sLLL

d. Global structure: e. Registration-based global and lobar functions:

Lung shape = AZ/AY U/(M+L)|v,and AV, F Jacobian ADI
N ™ ™
Pt "5(

ADI
0%
06
{ 0s
|

N 03
02
00

Choi et al. 2017 (J Allergy Clin Immunol), Quantitative computed tomographic imaging-based
clustering...
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INTERDISCIPLINARY COMPUTATIONAL FLUID MECHANICS LABORATORY

Alrway Structureland Lung Function
- Koreans vs. Whites
- Healthy vs. Dust Expoesed




C
QCT RESULTS |

® 64 Koreans vs. 64 Whites

L] I{orean_
6.0 * Caucasian
¢
5.59 +
t
’E 5.07 %
£ oy
~XE R ; ;
4.04 é

3 . 5 L ¥ T T T
sLUL sLLL sRUL sRML.  sRLL

Airway hydraulic diameter (D,) was smaller in Koreans than that in
Caucasians
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C
DCT RESULTS |

—

® 64 Koreans vs. 64 Caucasians

] Korean
* Caucasian

25

{

. . . oot <Korean> <Caucasian>
LUL LLL RUL RML RLL Total

Percent of functional small airway disease (fSAD%) of Koreans was
significantly larger than Caucasians especially in lower lobes.
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C
DCT RESULTS |

—

® 64 Koreans vs. 64 Caucasians

] Korean
* Caucasian

30
¢

25- | 1 #

air
5
1.125
0.75
0.375

AV
L

154

101 .

Ventilation fraction (%)

*

<Korean> <Caucasian>

LUL LIL RUL RML RLL

Ventilation fraction of lower lobes in Korean was smaller than that of
Caucasian, consistent with larger fSAD% in the same lobes of Korean.
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INTERDISCIPLINARY COMPUTATIONAL FLUID MECHANICS LABORATORY

Asthma Attack vs.
LUung Eunction Recovery.




C
QCT RESULTS Il

® An patient with asthma attack

-100
-120
-140
-160
-180
-200
-220
-240

A patient with asthma attack

KNu
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A patient after recovery
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Particle Simulation

® An patient with asthma attack

| |

A patient with asthma attack A patient after recovery

KnNu
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Aerosol Delivery for Healthy Subjects vs.

Asthmatics




PURPOSE

Source: Animated Biomedical

"h

{lad i rrlu

Using two CT imaging (insp- and expiration),
CFD simulations for normal & severe asthmatic subjects

KnNu
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9=1) ,=1) METHODS I

=
SS

Node 792,207 899,941

Element 4,383,692 4,928,606
1 elements
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=
9=1) ,F1) METHODS II

<Inspiratory CT> <Expiratory CT>

V. <N L7

-

dV/dt (L/min)

uu

1 1 1
70 1.2 24 3.6

Time (9 Image registration
Av dv
9 —_— —
av

(V: Total air volume, v: Local air volume)

Boundary condition

dv av dv
_— — X —
9 dt dt av

VA Y

BClpc2 pesi o

--------------------------

% KNu 20 9/20)



C
9=1) 1) RESULTSI

® Pressure distribution
t=0~4.8s p [Pa]

15
7.5

0
B -7.5

-15

Normal

1.2s -4.87 Pa
3.6s 6.4 Pa

Asthmatic

-29.23 Pa
11.12 Pa

600
174
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i/

RESULTS Ii

t=0~1.2s

Normal

Deposition rate = 7.5%

Asthmatic

Deposition rate = 14.6%

KnNu

Particle diameter: 3 um
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INTERDISCIPLINARY COMPUTATIONAL FLUID MECHANICS LABORATORY

1=-DrAIrwWay Resistance;and

Compliance Viodeling




1-D CE

L J,ﬁb

PURPOSE AND METHODS

® Purpose of study
v" 1-D CFD model to analyze fluid dynamic features for healthy and asthmatic subjects.

v" Moving 1-D mesh = Displacement and diameter

® CT scan images

v 5 healthy vs. 5 asthmatic subjects

v" Dynamic CT (4-D CT) & 2 static CTs at inspiration and expiration
® Procedure of generating moving 1-D mesh

(1) Time —volume spline, V,;4,(t)

7.5E-04 - . 7.5E-04 -
g S.0E-04 . . "z SOE-04
o3 i - . 3 i
25E-04F ¢ 2.56-04
— P lal
;. L] | IR AT N e 1 | . ||||I-|'I. . | 1 1 1 1 I A I W
QOB ST 15 2 25 3 33 4 45 OO0y ™05 T 15 2 235 3 35 4 45
Time [s] Time (s)
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1=0) CFED RESULTSII

® Pressure Distributions

Peak inspiration

Peak expiration

A healthy subject An asthmatic subject

25



1=0) CEID) RESULTSIII

e P8

® Hysteresis curve of P vs. V,;y,

9.0E-04 9.0E-04
8.0E-04 —&—— Moving mesh _ ":I 8.0E-04 :_ —&—— Moving mesh
- ——4&@—— Static mesh " E ——4&@—— Static mesh
7.0E-04 | 7.0E-04 |
6.0E-04 | 6.0E-04 |
"8 S.0E-04F "8 S.0E-04F
E son.04k F 4om04f
X 0E-04 | X 0E-04 |
3.0E-04 | 3.0E-04 |
2.0E-04 F 2.0E-04 F
1.0E-04 |- 1.0E-04 |-
:u | I N R R R [ :\I\ TR Y NN NN N N NN NN S NN NN N N |
0.0E+00 100 200 300 0.0E+00 100 200 300 300
-P, [Pa] -P, [Pa]
< A healthy subject > < An asthmatic subject >

Mean effective pressure = 51 Pa, 158 Pa (static); 47 Pa, 134 Pa (moving)

128l
d*

128ulL

B . B 2Y_ 1o,
AP = RQ, Resistance = —a WQO 5] (Pedely)

(Poiseuille);
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http://icfm.knu.ac.kr

Interdisciplinary Computational Fluid Mechanics laboratory
I School of Mechanical Engineering, Kyungpook National University

Bubbly Two-Phase Flows

I C @ Free website tools
Fajcyer b9y
I(n KYUNGPOOK Piger g/ L
NNNNNNNNNNNNNNNNNN =
© 2023 by GREG SAINT. Proudly created with Wix.com 0001150

v’ Image analysis, Registration and Cluster analysis using Quantitative Computed
Tomography (QCT) images

v Pulmonary Air Flows and Particle delivery with advanced 3-D CFD techniques

v’ 1-D Airway Resistance and Lung Compliance Dynamic Modeling

v' Two-phase Flows with FEM, OpenFOAM, and ANSYS


http://icfm.knu.ac.kr/
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