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ol gxte] A o], 7], S5, Ha g8, HA ¢, 487 dHE, g9 U ZE =, AEH CT oln
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CFD Al E#o)AS 3= CFD 438 ©HA1(S300); 2
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$7] VAF00)E WY BA) A, o], 7], BRA, Ax e, A4 A, 4¥F
WE, "ol ) B4 ¥, AAT CT olvA % AYIE(upper airvay) CT o] AE Edshs 44 ¥l A
3 o

H A7 A #E ARE F A Y, HA S o83,
A7 AAZA(inlet boundary condition) o2 WEsl= A1 HER
ARE T A8 CT o)v|A], H7]% CT o|uA| & o]&3ste] g 22 AHI #
A AE AHE 7 AAE WS 22l A g5, %
Z1(out let boundary condition) &2 W3sl= A2 WS (220) 2 JEE Ay A #AH ARE 3
T, g U Zf s5E ol&std], dF HA(blood viscosity) s AbEste] fA ArxzioR Wgkeh= A
A (230) 5 sk Ao HhEA st

o
2
|\
ol
k]
£
1N'
rot
=
=
)
e
]IQ, 0_1_4
K
i,
0%
N
ox
-
HHN'
O{N 4
N rﬂl
ot
N

o yolrlk, A7) A2 MEF(220)= 7] AT CT ovA|, 7% CT ovAE o] &8t 7%= & (upper
airway morphology)ol tlgh 329 RHHS Fata, 7] 47%E FA dolge dig AiFAsNAs F3ds)
o, 8 Axs B45te] )4 sxle] AHI(Apnea-Hypopnea Index) #& Atsk= ol nlghasiu).

o Uelrl, A7) Alz MR (220)E AR We madow sple) 48 Agst Aol weds.

dP(7)

+C
dr

_ P
ow—"

t] tolrt, A7) CFD 4#3-(300) LBM(Lattice Boltzmann Method)E #&38}e] that 3kxte] Ald3 CFD A&
Yol F8sle Aol urgA s,

o yolrb, Al Ax BEAREA00)E A7) CFD #33F(300)2 3 AyES Adol diit 3xte]
FFR(Fractional Flow Reserve, AlT+®E&dFoH|=), WSS(Wall Shear Stress, BHHATS

©:

A A AEy H3 JIEE EAEE Aol v et
2 oAy I g d AAdd nE FE FEE5F dAE 2 AEE 23 f9E B4 e, FH 75
55 B A8 243 A¥E=E B4 Y9, AFEHE FAEHE FE FEST JdAE e A¥EH A
3 HRE FA4 AzHle] o 4 dAVE FAHEE FE FEES JdAE 1y AEdR A3 d¥dE 24 U
of AolA, AARE JeEFoA, i Sxfe] digh 7AdFE F5o] YA #H ARES JETE AAFE o
2 7 (S100), AAZRA W, A7) AAARE A8 GA(S100)0] 9l A A7) AA dH ARES
o] &3t AAF-A & 4] (CFD, Computational Fluid Dynamics) 3 93k AAZACcR Wil AAZA W
@A (S200), CFD F3F-ol A, 47l AAzZA Hg A (S200) 0] o3 Mgd AARAES HEste], vy

F2ko] A3 CFD Al E#olAS Fadste CFD F73) ©AI(S300) 2 AT A FA, 7] CFD 43 A (S30

3 A3l it A9 FFR(Fractional Flow Reserve, A28 Fo|u]=), WSS(Wall Shear Stress,
GSHE)E o &ste] Ad HI IEE BAEe AFEE A DAI(S4000E e, 7] CFD
A (S300)= LBM(Lattice Boltzmann Method)E #-&3te] th’d Aol A @+ CFD AlEdoldS Tt
o] Hlgtzl s},

B ool A7) AAHE Qg @A(S1000E g Bt 4w, del, 7, BRA, A B8, AX 99, A
g7 9x, g 24 B, A8¥ (T o 2 %71+(upper airway) CT oW A& Zgste AA #d 4
=9 ogul= Ao ulA s},

) [ S T h=

s
a
A

A2 E S
B Lo
l"-n“‘ r_>i

o yolrt, A7 AAZA $E 9A(S200)= f4EE Y] AA AR ARE S H "9, HA g o] &)
of, WhEdH(pulsatile flow)E AF&Esle] A7 AAIZ7 (inlet boundary condition)o 2 WH3sh= A1 W3
GA(S210), JEE A7) AA #wE ARE T AT CT ov|A], A7]% (T ov|AE o]g35te] i shxle
AHI #k& oFstar, d33 AHL @t 488 471 AA 3> ZRE 748" HE mdad 283k, &7
AA %A (outlet boundary condition) o= W3tal= A2 W3 WA(S220) 2 d=HA Ay A #3486 ARsE =
A A, o f Zg $x5 o8t 7 WA (blood viscosity)S AFEste] F4 drmxrow W
= A3 W3k ©@hAI(S230) 5 ©] E sk o] wiEA st

iV

o yolzlk, A7) A2 3 9@A(S220)= A 1@* CT oluA], 7% CT °olnX| & o]&3tdq 7% 34
(upper airway morphology)ell tah 32k =Rl#S Sasta, A7) A7|E A4 dolgd s AAA &4
Fste] | 3 AFRE BEAsle] ik 3219 AH I(Apnea Hypopnea Index) #S A4kl Aol wighz i),

_7_
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E1e W el 9 ANdd] BE FU FEES A4E weld AEH A% A9E BA Axge
qoAAERA, %1% BET ] B ouyel o Axdd B Y FEEE 945 nee 4
A A A2"E s At
g ol o AAldel] mE £ FEES JAAE nHT AEH 48 e B4 A=HS E 1
ob o], AAHE JHF(100), FAE WEH(200), CFD F3F-(300) 5 A3} £A4H(400)=

g, 7} FASL AFEHE 283t A gSwe] zh e 23 LA E o

N

B
o *gxﬂ 4 AHrRZE g g@xe Agd, y
(Hematocrit), < U Z# 5%( Calcification/Calcium score), A& CT olv|=x] ¥ A7]% (upp
CT oA & X3
< oln FH/E5HY & R HHE Ve s AFUE(JEEE) Zo| s nEA e, e
H ARE fo% 53 Jted v A #AH FRES &8 5 9

it
_1

A7) AAZRA WEE(200)F 7] AAAFE J=HE(10002 4=EE oy Sxie] ] AR #AH gRE
A 7

3k | HAARFA 84 (CFD, Computational Fluid Dynamics) =33 913k AA %

A, &= 10l =AlE wkeh gho], Al WEHE(210), A2 WEF(220) R A3

W
WA ANE F AT A, A4 AYE I8ael, BEaT
Zsto] 4] QT FAzACE ARsHe Aol vk s,

=

A7 A2 AZR(220)0= =79 AAIZA(outlet boundary condition)91 M3S 93k FAHCZ win
Q al H o
[e] R U=

B maae Hgate 7] Bw AAx

A, A7) Al @R (220)= 7] AAAR 410005 SlAM dHE 7] A dE A
g3 CT ofu#], 7%= C

A B ARE 47 Wg waKel 4get slo] whgras,

il
windkessel model o]-&3te] wlg] AAE W meAlAe gpr]e] 3ha) 12 HJoJd 4 v},
T84 1

P(r) e dP(t)
R dr

o=

(1714, Q= d7%F,
P st

7] Mg Rl Ao debd wpel zho] | qleje] 4 €, RS dAbeh=u] AHI gre]l S7-=™, AHI #h2
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=
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sto] Ak 3zt AHI zk
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AF(upper airway morphology)ell o
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=
=
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Ave

o
=

3Fo] At #2F9] AHI(Apnea-Hypopnea Index) &kt

T
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34 velocity, pressure, pressure
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S

[0056]

shear stress, surface

wall

helicity,

vorticity,

swirling strength, airway resistance,

gradient ,

P (300) =

o~
T

Y71 CFD

o

pressure, surface pressure gradient, deformation rateE %=

ofef i

HA et

S

=
=

=

ZFe] AHI %t
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&3t o

3D ¥

=
=
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s
a
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fai4 7

Z

N

Tor
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A%

tol e

°] &3

TA 02 Carreau-Yasuda models

ki3

_?,1

A7 A3 WM3R-(230)= A

[0058]

471 A3

A=,

A

[0059]

A (blood viscosity)

tol, d7F A

S

HA €k

5

F 9.

84 22 4%

17)e] %

[0060]

84 2

1" (W) = Moo + (1 — Moo )(1 + (Ae)®) 10

[0061]

(3714, "°& viscosity at zero shear rete,

[0062]

e yiscosity at infinite shear rete,

[0063]

= relaxation time,

[0064]

power law index,

n<

[0065]
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[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

ax dimensionless parameter(2 in most cases)d.)

471 CFD 43 %-(300) & LBM(Lattice Boltzmann Method)S AF&3te] A7) AAIZA HZF-(200)00 4 HE3E A+
| 73741174 oAl Falad, Jdd AAxRA, 79 AAEA 2 54 AExas Heste] Ak
EdoldS s, g Ao Al &S <S8k Aol vz st

= 2% A7) CFD 3530009 A& LBNS] 713 /g 3 #48 el mdow, ¥
& B ARgo] geolste], = FxRE Q& WHIE §F AN R Fxlo] &old FA

N

AM%FLW%%%ﬂ7“*ﬂ*ﬂ% FAA7E obH, FundAAE TN A5se
A, CFD & A5} AHL gk 2 %%?ﬁhﬁzﬁmicmTﬁ%ﬂﬂ7w_Mlﬁﬁcﬂ
(20005 FSiM I5% FEdAEE inputo 2, FAEZAFE A3 ST AHL & output
T THT 5, g BAS o8] oY @Al Al e eSehe

=
A7) Ay BA5(400)E A7) CFD S=315-(300)9] =3 A5 o] &35t tii 3xle] A7 Ag s &
= A

AAsHAE, A7l A3 BARA00)E 7] CFD 353009 43 ZAE A
FFR(Fractional Flow Reserve, /S%—EQQ%@]H] WSS(Wall Shear Stress, WA

& A3t ARE olgsto] Y &4

o714, FFRS Wel 247, 3 W@ viseiets Wa 997e] P wEushue] vas ovsn, yssi
A vo] Agars 9L ojuan.

j&
jutad
gt
1)
r@
£ =
i)
i
flijet
T
2
ol
X
)
iy

A}7] FFR, WSS 9jo|l%= CFDE #¥A43l= F5 Axs 2 gzate] #AAC e o= SAd, wall shear
stress(WSS, Dynes/cm2)+, d3 ¥ Adsd F I | f53te] vpEz B g sk X E2A,
AEAQ & Aoy Qxtoln, YF wolm YHF vloli FA7} ZAsy] wiidl, 2 AR >10 ¥ <2590
S &8s 5 .

= =

xﬁ

w3, Oscillatory shear index(0SI)¥ WSS7} Al ¥leo] wal ¥gko] ojw A WElsl=x JehlE dxfolr |
G ghol &5 @ Ho] Wi wpE whgke] =7 Els Aol & u XA "o, oo st
AAZEE >0, 10|},

Area with 0SI<0.1(%)-2 0SI7} =& 99o] I3 AAlo drp} WA FEHA JAEAE YeERNE A RZA, 9
of ojgk AAg >30|t}.

Turbulent kinetic energy(TKE, mJ)¥ dF O4F HEE I
A z27] o] g2 i JlheAdS A EolA "Hu. old

Relative residence time(RRT, 1/Pa)¥ @Ho] duli} 3k lalo] <) ,
EESTE AAALR fFo] AAHAGT dduo I A ujAYSES ddAE JHeAde] A B F

sk, olel st AAgEE >4olch,
47] A BARA00)E B7) CFD FAR(300)9) 58 ABE ol gstel, 2 Aw WiSel s me Aol
= AARS TEt]l Y B HAW 2B APEE B o] miwrH s,

38 A7) Ax BAR-(400)8 S84 7] CFD +35-(300)¢] 3 A3s dewrol, fs ko] FFR, WSS
52 ol gl Ul Bxe] NAW AR AWES BHSE HL e A molt,

Eo4b 2 ounel 9 ANdd] BE £U TEES A4S L@ AEH A8 A9E B4 PR e A
ANERA, % 43 F22 sl B wwe) o Aol BE FH FEEF IA4E ned 4¥W 28 W=
A4 e A Ad e

40] =AH wpe}
24 9 (5400)

7} WAl A AAIS) Shobn A,

471 BARE 48 SA(S100) = 47T BAFE FH5-(100) 04, td FAHFE FE55 bl g g

_11_



[0085]

[0086]

[0087]

[0088]
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[0090]
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[0092]
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[0096]

[0097]
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>
W

94E g5 A #-E HARES 4 W, O #Fxel AE, Yol 7], w54, Ha 8y, HAA
g9k, A9 Ux(Hematocrit), N W Z4 5%( Calcification/Calcium score), AE™ CT ojn|x & AF
E hy A 7

(upper airway) CT °|H|A|& Eg3st] FAHHE= Ao vigA s},

i
N
Kh)

7

g 2] A #H JRES ov] #H/E5HY = 95 HRE VHte = AFw=(YgEws) Ao 7
A sie | sk AA B ARE Qi FF vhee s AA A ARES 283 5 ol

A7) AAZRA B3 GA(S200) = 7] AAZRA HFF(200)004, A7 AAAR 48 GA(S100)°] 93] A
H A7) AA B ARES o] 83dle], AA-A8lA] (CFD, Computational Fluid Dynamics) 32 €3 AAx
7oz wzlsA Hr).

FABHAE, 7 BAERA A @A(S200)= = 4o =AJE wpek o], Al W @AI(S210), A2 W &
(5220) B A3 WgE @A(S230) 5 E3Fete] = Aol uhghA st

A7) A1 Ag GA(S210)= JF AAIZA(inlet boundary condition)®] W3S 3F GHAIRA, A7) AA
BodE gAS1009 o8 d=5Hd ] A #E ARE T H g%, HA Pe o83, 9EdEF
(pulsatile flow)E& AF&E3te] A7) d3d AAZHD o= AA3HA Hrt.

H
o]
=}

A7 A2 W3k WA (52200 E79 AAZ7A(outlet boundary condition)o] WIS
windkessel model& ©]&3te] Hlg] AAE W3 EdAS HEslo] F7] S5 AAZRAES AASA Aot

N

AAEAE, A7 A2 \E GA(S220)0E A7) AAAR 4= SA(S100)o] g8 4HFA Ay A #E AR
Z Algd CT 9 , T (T o]uAE o]&slo] it 3=t AHI ke do|=sta, o=38k AHI #ha 9=
7] A PE ARE A7) W wdad #8354 do.

windkessel modelS& ©]&3te] vg AAE W3 BdAo Ar|o] ik 12 AHodd 4= glo =l
2o LERE wle} o], Qeole] A4 €, RS AXbsl=d AHI Fte]l &E™, AHI #e 1 Figse A4=

A HFE2A, $H F F35F3-4A35F A5 (Apena-Hypopnea Index)& 27| g},

TH T35 FA AHI @S AEd 43 A3E 2 &35t 3, U FEFT] AMAYW FH F
Fgo] AdoAHEA A F A AAA FHi, AR & e B /FFo] vHEEA FHol A &
A4 (distensibility)o] ZastA €Tt &, FH Fog5o= A8 URste APy 23] D540 9l
TH FEF5oR A% I WsAdoltt. U A F4 U] ®st o= Qg F-ofzt gt WEAo] vk
Al de| HF/FFoR s o B FA Huh. o= A&t uiel o], 3 FFAo] pAaHOR
# resistance ¢ compliance® BSIAIA, A 3o Y Fo] Folr|A At

ZAboll wh=w ) AHD gho] b2 dnbate] Ady Ash a2 11%0d whal, AHI glo] w2 Sxbe] Wi e
23024, FH FIFTOR QI3 A8 HI o] 2v) o] Erha B 4 Q.

DYAR Fel ML e ASE] fstel, HAl FW F ASHE A ARES T/} s WA
gl Qo ¥ wgel 9 AN BE FU FEES A4S 1@ AAY 4B AFE B A
AE, 47 AARE AHEW00F SHA A8 47 A B ARES ol gstel i BAkel AT kg o
=3} 011;}.
1= AN .

_/I:
3, A7 A2 ¥wE dA(S220) oAM=, 47 AAAR J8 SA(S100) 0 & JHE ] A T A
F A8 CT onH], A7]%= CT onAE o|&3lo] tid #xte] AHI #h< odlS53hA Ft.

[e]

CT A}(upper airway morphology)ol thal 3%
gatar, 7] AV= FF dol"Hel digk AAFANA S Faste], #d AdE BAEY U =)

al

o] wf, A7) A7I= ¥F dolge| gk AAFANAES A AH}E F3A velocity, pressure, pressure
gradient, swirling strength, airway resistance, vorticity, helicity, wall shear stress, surface
pressure, surface pressure gradient, deformation rate® E=&% = 9o, o= thA] 3HH HAFA| T,

AeAs darg]Fol AEsto] v fAke] Al gh& oS3 At

Al e

¢}

T
ojuAE 3D FAor HAYE YT F, E29 inlet, outletoll £A] Abell whE TFFHE AEETE (W
of, #Afol wist A4 SHo] & A, SAAE 8T 7= e o F, Ay s H=d,
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o] uf &8¥v HAFANA REE LBES &8 4 o, oo A A s A2 ofynt. ol gk HAk

el 9t =9 A= ALLEA Aok

7] A3 W3 GA(S230) = A Az WES {3 94AEA, Carreau-Yasuda model S ©]&3le] vz A

AE Hg E'—E’e“i‘;% A3t A7 F A4 AExAE A |k

AASHAE, A7 A3 HE A (S230) = A7) AAARE 9= wA(S100)0] ol AHE AV A BE ARE
A Ax, g ) ZE 55 o]&stod, d7F A (blood viscosity)S /&%’5}04 A7 F A AExPe
J

32
n

o] W, A& 4] HE md2e AJr|e] F8ty 282 o3t
D =8 ©AI(S300)+= 7471 CFD =3 F-(300)llA], Z&7] ZAAZ WE @A(S200)90 o= HEsk FAx=

AES Hgsto], At 1o Adw CFD Al Ed oS F3sA A},

] 3 TA(S300)= A7) CFD 43 5-(300) 9 4, LBM(Lattice Boltzmann Method)< A}

%3}04 A71 AAZA WS GA(S200)0] o] W3 AAZRAE(JT AARA, S AAFRA L FA

Agsto] AxFAIGst Al EY oS s o] nigkslt).

T 2% A7) CFD $3%-(300)e] A8% LBMY 712 Mde 2 S

2 Bd Algo] olald, aglE P22 A8 ¥EsE F3 A = S0 Lol FH

AHI 3= CFDE Bdl AR Alsle F8dA7F olue, YA s Sl F53e &5

A, CFD f& AAE AHI # 7+e] 22 Jd#AS EUZ CFD §5 AR 716F AHT 39 A5S

A7) AAZA HSE(200)8 A 53 FE5AAES inputl 2, SIEHEE A A3 AHL 72 output

o7 dugFd g5S A T, sy ndS o] &3te] i FAle] AHl S S5
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A7) A% BA 9A(S400) = A7) Ay A 9
Z}o] FFR(Fractional Flow Reserve, AlZE3EFon|d), WSS(Wall Shear Stress, BH A -S
= 7Y A9 JRE o]&slo] A8 A% AIEE A5 ).

o714, FFRE Wl 2%, = B tiEUgst W 49970 FF BFugvte] mEs ojnshn, ysse
dt ool Agaks AL olmat,

%471 FFR, WSS 9lel% (FDZ #A3ste e AAE 92 2] #Ao disix <& ExW, wall shear
stress(WSS, Dynes/cm2)&, 3 ¥ HAuhg=H, &, 3 Ho| faio npEz v gk EH@ A FZRA,
AEAQA F& g Ao, YF ol Y golx FA7F S wiiZel, I AAgS >10 ¥ <2591
28 F Ut

=

PR
mlo

Wk, Oscillatory shear index(0SI)+= WSS7F A% vh&
A Fho]l =S5 d3 o] v wpz Whgko] I Wske] g

SI= T

BAFEE >0.10] T},
Area with 0SI<0.1(%)2 OSI7} & 9ol dx AAel dult Al Fx5o] A& UEllE AEEA, ©f
of ek A% >30]tt.

Turbulent kinetic energy(TKE, mJ)= R/ UF AHRE xIAs=
A 327 v g2 Og steAS A oAl "), ol

of g7 Mekah=A] Lehl Szl
G whgel 3 vAA frh, ol v

TAZRAM, =55 F5°] ¢ chaoticd}

Relative residence time(RRT, 1/Pa)&= do] dwli} st o] o HEEI7IE HAS A H2A, T Fhol
ESF AAFoR fFo AAHATL gdrFol I dd MAYSZES TAAL stsAde] At B
ATk, ool 3k AL >40|t}.

2, oAl webAw, Bonne o Adde] e £9 TEEF A4S nd@ AW 48 995 B4 29
9 owge, By BRHER FEES B9 AA BE JRES gl of§ ABow FARACE W
B5ta ol B AWFAGS) £YS TG AAE £ET 5 Y/ WBel, AARAGY] SEG ALY
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FFR contour

High-risk zone (by FFR<0.8)

a)

HSR : High shear risk (WSS>25, OSI>0.1)
LSR : Low shear risk (WSS<10, OSI>0.1)
Y : Yes, N : No (If value exceeds normal value)

<

| [Position [FFR___|HSR___ILSR___|TKE _|RRT

N

Z Z| < =2 = =
Z = =Z = =2

N

Z = < = <

1 LCA 0.98
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3 LCx 0.91
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