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2] A AAjde wel, Z2AA(150)= UAYE AEE At dgAY Alad T2 A4 (digital signal
processor (DSP), wlo]la & ZEZA|A] (microprocessor), TCON(Time controller) o @ &= 4= v}, thuk, o]d
A= AL olUH, T e 3 (central processing unit(CPU)), MCU(Micro Controller Unit), MPU(micro
processing unit), Z’iE%H(controller), o] Z Aol Z=EA A (application processor (AP)), E+= AFYA
o] ZZAA (communication processor(CP)), ARM ZT2AMA F 3}} EE 1 oS XA, dld &o]=
Aold # drd, w3, ZTRAA(150)E ZEAA daglEo] WAE SoC(System on Chip), LSI(large scale
integration)® T3E 4% a1, FPGA(Field Programmable gate array) HE|Z 7349 4% v},
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FAFoR, FAGY FEFR(15D)E B4 99 ol BA AE AZEY (A&, CAAS-5; Pie-Medical )& %
A g AT (ostium), = H-(proximal), W (lesion), YHYF(distal) 5= AF3s 4= U},

AZAE I55(162)F 39 AFAEE g557] 93 FAolth. old, AFAR g55(152) H4] 99
of 23 F&eo] FAlM(centerline)s FEF3taL, AN FAT 7MWt AE o] &3te] A% HHE 5T
T ATt

TR, AAHR F5FR(152)= B Y -(ostium)e} o] E3td Wl (lesion) &ZFH 7[H4AHHE A
(A= 10mm) HolF LYF-(dista)7HA Y AgE &% = WH33te] FMA(fast marching algorithm)& %
q AY A2E TAHRE FET 5 Ut oju], FAMHLE 7H5-AIE A (Gaussian kernel) FE o] &3 7
EFAS B8 HEggtozs FUs tHoE MEHE Q).

o], AAAR FE5F(152)5 T 72 ZRIEAAFEH 29 B3k 279 A& Fal W 4499 & ¢
g S 7 A, 279 4 Aol AYE Ao A7 (diameter) o2 53 4 vk, gk, 2 @] o
AAldo] 2w, AAYR H55(152)% 7HHEHe 7 7PdAte] Apole] diaid A tASE e Thold
e E o] ZEWE T8 AtE 2AY A (scale factor)E H3ll, I4S BAT 4 Aok, oju, FAAHS
wEE duo] it A4S A" (AR, median filtering)S &3 ZX(plot)d + UT}.

54 FE25(183) v AAEAR E55(152)5 33 g5 ABAHEE V22 39| Jegty 5EHS F2T F
ATk, oAE B9, 54 FE2F(153)= Y5 Ho W 273 (Distal lumen diameter, mm), ¥4 G99 U Hi
Wz A7 (LD, mm), W7 #74o] 1.5mm o]kl F29 AAAo](Length-D <1.5, mm) 9 Fed4 EHAE F
% 4 At

FF
T, 59 W e (15) = dae] FEetd 54 8 94 54 ol oiE gdd 54 ARt e,
s o] gk FFR gkol 0.80 ©]3kel#] o732 Zeate QFAT mdS s 4 9}, oy, 534
AR ddxds 9 2ol due 54, Ak 54 % e 43 54E& 298 5 o, ofd @
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H71 $1g

o

7 B owmel U AAdel mE g A7 % Axe we dwe Fusd TEe 49
S8k ol dae BAYARODOI. FAIARODS Fekel AT (ostiu

oldf, o] YF(ostium)E AF-E] Boll &3t Fitol, Y9 (distal reference)= o] W (lesion;
Eulxl Hez s BRoaRy d4gsh A (=2, 10mm)7hAe] F&M UiA HY & 3l

<9 (proximal reference)x= @] W (lesion; E WA Doz FAdy BEEJHEE AT (ostium) WH O
A A (A2, 10mm)7kA 2] F8(C WA B)d 4= ). 338 W ek A (100)= W (lesion) &

A AAo] #Ae JAdS YR E(worst segment; F WA G)= Fo-dd 4 gitt.
Lo

g Ad FX(100)e = 7% 22 g A4 F2E 7
o oA TAIA o= A3},

By
i
gk
)
fo

=8 W wgel 9 Adee] W HY 9 A9 FA} A5shs 54 4uE 4U9 2o,
E 8z, d W A9 41000 B4 93H 59 9 Al Fejsy 54 458 5 9

oluf, A2 (clinical) EAL 1}o](age), A (gender), HAAZ (body surface area) ¥ ¥ 4 (involved
S %33 4 ). oy, ol ddd Esln dAE EAS 29 LADS] W o X (involvement of

left anterior descending artery (LAD)) % ¥ E}Q](vessel type)S X 4 3

segment

»—-v

prox1ma

gl g4 542 Maximal lumen diameter, MLD, Proximal lumen diameter, Distal lumen diameter,
Proximal 5-mm RLD, Distal 5-mm RLD, Averaged RLD, Lumen diameter within the worst segment, DS, %
[Averaged RLD_MLD]/Averaged RLD9100 60.5, Distance to MLD, Length of the proximal reference, Distance
to the distal reference, Lesion length, Length-D <2.0, Length-D <1.75, Length-D <1.5, Length-D <1.25,
Length-D <1.0, Length-DS >25, Length-DS >50, Proximal slope, Distal slope & X3d 4 git}.

E o R wgel O Axdd wE 57 WA f54 A5 B o

53 waF a4 AT &4 HEZ AR AXHAA A 5719 FEHeR Ui, st IEXMe]l AF AE
(validation set)”7} HW, YUmx] 4712 gEXHo] & AN E(training set)7} Ho] 35 HoJEH 2 Al&%HE= A

oy
SE
ol
rr
=
tlo
i
>,
o
i)

S oujstt}, olw], 5719 TEJMo] Z}7t A HF MEVE HEE 59 HXREE HEO|Y F Q. H¥=
(accuracy):= 5¥ 9] HAE thal Ao dig] HFoz AAdt. HEAS ZFo|7] 98] o8 W nx f&
A HSE Fdsta ol HA3E F 9l

b, ¥ ool gk AlaRle 53 WAk (5-fold cross-validation)s el W Fe 5 vt o] 7H7}
o] HaEd W3t AFS PFddlete] 58 uxAGFe AGEE Aad 5 g

T 102 2 el o Aol wE sk AES HAE AE Z2t7F 53 wak 848 AsS 7T deAs
A

st Ay}, 28719 EA AR (e AR, AAF
Z 9 % (Feature Importance)’} Aol 4= gt} o 9, 4
855 YERa, AWAA(body surface area), H9HF W Z s

A W7 27 (MLD; Minimal Lumen Diameter within the ROI), W7 Z7do] 2mm ©]s}
D <2mm), XYY F+o] WA 274 H1(Lumen diameter within the worst segment)

|
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e
it
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diameter), A

S il 54 AR F ¥ FREE e 12709 57 JnE
ootk o A%, = 102 RS, 2709 54 AuE AHSE 39 ARy o ¥
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= 118 #=E3H, 295 (proximal) LADY A%, 60%S =9 7FF H& WEE yelda, 995 (distal)
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Eodbgol o AAjde] wE AdFAT Rde W BEd W FFR<0.80¢1 WEE agslte] o)A ¥ W (lesion)
HEY $AEAE F9T 4 vk, 2 o w2y Wi B X5 SAMZ WE HES 535l Alg
SHA WS gXE ¢ Qa, W AAe waA #ad 5 39

T 128 Az, ZEAAM(1200)E g5H-(1210) 2 2143 (1220) T Ho= S 233 4= ul. = 129
ZIZAA(1200)0= = 29 &Y W A AX(100)09] ZEAA(150) FE = 19 AH](200)9

il

U e, FHR(1210)E G BN 295 42 % dolHZA o] 85l BPEY 2% FAol X

g Ww ugel FEsd 546 we RS BREs AR 2e AA A4 2Ue A4, 5 EE A

2 4 9

E e d®, S50 e 29E g6l T9E BId Fee 549, 9un 54 L FR g
dolel=A ol gstel dee o] te FR e Bekshs /1Fe 2 RES A4, 8% Ei

Eay
=]
SR

34
QAAR(1220) 249 FolEIE S A4 mde] 4Y dolHR AHgdtel, BEse HolHE 4T 9
o,

A o, AAR(1220) TEF WEEY 29E GFE G5 A4 2de) Q2 vl Agatel gl
e dv Whol BeE vhaa 9Ye AS(EE, 34, FB)IE 5 9

the olZ, AAR(1220)= v BT FHsty 54, JddH 54E sheE 44
%l_o

5
& FA(EE, 24, F2)3 5 Ak oW, FFR g $4 &9lo] weh B4 7k 58 S o,

S5 (121009) HolE A% H ANY(1220)9] Hol® Uy, AZEge] BERZ TAAAY Holw st
smdol F Ful Aol A4 FAel gAL F vk, B Eol, S£H(1210) L ANF(1220) F Ao
d A8 S Qa, EmE

T e 9F A% (AL artificial intelligence)S 93 A& st=9o] 3 FH= A
] € ZTZA A (o CPU =+ application processor) HX 1#E AE TRAA(: GPU)S YdBZE A
2} gt % AR A e AA Q1A A HAE 2 k. oW, 1F A TS $g HAE =4
of & &E <At E3lE A8 ZRAXNEA, 7|E HE ZRAAHY
2L 0 AT ok ik APFES wEA AT 5 Ut

FEE(1210) 2 AR (1220)7F AZEY] ERE(EE, A~EZM(instruction) ¥E3slE T2 FE)R
TEHE A, 2ZEdY BEES AFEHZ YL F AE #F b vdAd 35 7s 7159 A (non-
transitory computer readable media)el] A &= 4= Ur}t. o] A, AZEo BEL 0S(Operating System)oll
o3 AFTEAL, & o & Aol o3 ATH F Uk, T, AXEO EE F YF= 0S(Operating
System)ell 93] A|FH i, YA dFe= 2A9 oAl

AN
of %, S5(1210) % ANF(1220)% skt A FAe] GAR FE glom, mi wAe A% g Sol
E

Zvzy gAE 2 Q. dE B0, g55(1210) F AAH(1220) F sty AE W Jd X (100)0] 2
Ha, ymA] s A (200)00 EshE ¢ vk, TEE, SE5(1210) 2 AAF (12200 FA Ee FAHo=
Eate], s E-(1210)7F FES Y ARE QAAR(1220)2 AT S Qa, AF-(122002 JHE dolE
7b F7F 85 dlelH2A 35E-(1210)0 % Aled = vt

sk ek Body o] thekdt AA oS wE HELS V)& AR Ao dA] Thed ofEE Al FH=E
TdE F Ao

st B odge] o @"]Oﬂ of w2, ol ddA] AwE T HAAELS AT E ] (software), =99
(hardware) W& o]E5¢ %3H& o]&dto] FAFE (computer) E& o]¢h FARE A= o1& F e 7I59A
(computer readable recording medium)el A &H WEHo]E T AZEYOZ FIE 5 Yr}. 9% AL
of o] B WAA A AYEE HAAldEe] ZZAA AARZ FdA 5 drt. AZESA X Fd of3iH,
2 HAAMNA AgEE dar 9 Ve ZE AACdES HEY AXE90 REERE FdE F Ut AZE
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ol ZEE 7472 & WA AR E= s o] Ve ' e 38T 5 3d

S & = 7IEuAlE, vYAd 7150 A (non-transitory computer readable recording medium)<]
3 TE F Atk A7IA, HYAA S AR 7E 2S5 (signal)E 2SR @om A A (tangible) gtk
= e ouE B odeolyrt Al WA e dAF R AR & FEsHA gl olw H[PA A
AFH B= 7 AR dA2H, A4, WEY T3 Zo] &S &=k < volyE AAst= Az okt
Hted e oz golHE Asld, 7|7 2&] #5(reading)o] 7Hsdh wjAE ouisict, H|UAA HFEH #5
7bs wiAle] A AQ o &=, (D, DVD, 3t= vi=A, EF#e] vj2=a, USB, wWR#7t=, RN ol & + A

il

oje} o] I g milo] mAjE HAHE Faw AWEAoU o= A Ao s, e Ved
E g A

ofol ] Bakel AAE b Avhw o2 T WY @ FED e A7 bests 4L ol 4
ofth. webd ¥ @yl 24 V%A nE WAL ARE ZTUAL J1EH Aol oJste] FaiAor & Aol
o.

1500 ZZA|A
200: A
=9
EH]
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100 200
518 EH
Tt ZA|
=2
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PO o 22|
120 ZE2HM 140
g &2l F S
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=93
150
Hogy F&F =151
ZHYE FELH —152
£3 F&F —153
518 g ZekT —154
=04
Number of patients/lesions 1204/1204 207/297
Age,y 62.6 £9.7 62.1 £10.0
Men 029 (77) 228 (77)
Diabetes mellitus 393 (31) 89 (30)
Hypertension 783 (65) 108 (67)
Current smoker 493 (43) 134 (45)
Hyperlipidemia 394 (66) 193 (65)
Stable (vs unstable) angina 987 (82) 252 (85)
Body surface area, m® 1.74 .16 1.74 +.16
FFR at maximal hyperemia 0.79 +£.10 0.79 £.10
Involved segment
Proximal LAD 509 (42) 115 (39)
Mid LAD 293 (24) 89 (29)
Distal LAD 11 (1) 0(0)
Proximal LCX 67 (6) 20 (7)
Distal LCX 55 (5) 13 (4)
Proximal RCA 145 (12) 33 (11)
Mid RCA 90 (8) 20 (7)
Distal RCA 34 (3) 7(2)
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T T

A s A R

Maximal lumen diameter, mm

i Maximal lumen diameter-within the ROI (points A~K)

MLD, mm

Minimal lumen diameler within the ROI (points A~K)

Proximal lumen diameter, mm

Mean lumen diameter between the ostium and the proxmal edge {points A~E)

Distal lumen diameter, mm

Mean lumen diameter between the distal edge and the end of ROI (poinis H~K)

Proxirmal 5-mm ALD, mm

Mean lumen diameter within the proximal 5-mm reference

Distal 5-mm ALD, mm

Mean lumen diameter within the distal 5-mm reference

Averaged BLD, mm

Average of proximal and distal 5-mm RLDs

Lumen diameter within
the worst segment, mm

Mean lumen diameler within the worst segment (paints F and G)

DS, %

[Averaged RLO-MLD]/Averaged RLD % 100

Distance to MLD, mm

Distance from the ostium to the MLD (point A~MLD)

Length of the proximal reference, mm

Length of the proximal reference (points C~E)

Distance to the distal reference, mm

Distance from the ostium fo the distal reference {points A~J)

Lesion length, mm

Length of the lesion (points E~H)

Length-D <2.0, mm

Total length of the segment with lumen diameter <2.0 mm

Length-D <1.75, mm

Total length of the segment with lumen diameter <1.75 mm

Length-D <1.5, mm

Total length of the segment with lumen diameter <1.5mm

Length-D <1.25, mm

Total length of the segment with lumen diameter <1.25 mm

Length-D <1.0, mm

Total length of the segment with lumen diameter<1.0 mm

Length-DS >25, mm

Total length of the segment with DS >25%

Length-DS >50, mm

Total length of the segment with DS >50%

Length-DS >70, mm

Total length of the segmeant with DS >70%

Longitudinal eccentricity

Ratio of the length of point E~MLD to the lesion lenath

Proximal slope

[Lurnen diameter at the proximal edge-MLD]/length of point E~MLD

Distal slope [Lumen diameter af the distal edge—MLD]/length of MLD~point H
Segment Involved segment

Body surface area Body surface area

Sex Male or female

Age Years of age
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lteration 1/5

lteration 2/5

lteration 3/5

lteration 4/5

lteration 5/5

Total samples

Training Training Training Training
Training Training Training Training
Training Training Training Training
Training Training Training Training
Training Training Training Training
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=

=

o

e
=)

EHI0

Training set (5-fald CV] = 0.84L.03 0.78.04 0.78+.05 (.77105 079105 0.78£.04
Test sal 0.86 0.g2 0.74 0.79 0.82 0.80
Exiernal valdation cohort 0.90 0.72 0.8 (.75 0.87 0.84
Lising the 12 selected feaiunes
Training set (.84 0.7% (.60 0.77 0.82 0.79
Test sat 0.87 0.84 080 0.81 0.84 0.82
Bxlemal validation cohort (.87 0.80 087 0,74 .90 0.85
By 2000 bootstrap iterations
Training set ! 0.87£.01 0.81%.01 0.77+.01 0. 750 0.831.01 0.79z.01
{0.86~0.88) {0.78-0.83) [0.7&-0.79) (0.73-0.76) (0.81-0.54) {0.77-0.80)
Test gat! 0.87£.01 0.B4=x.02 0.77£.01 0.7et.0 0.83.01 0810
{0.86~0.38) (0.81-0.87) (0.75-0.80) (0.76-0.80) (0.61-0.86) {0.78-0.82)
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