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205. gl & RETE 20 LT DIREER O P& T
AfT W/Z
BEERSER: RAEES B AR BR AR B R A A AR

Key words : DMEZZRSE, (LEX, ATHRE, OFRE, BaU A7

&

DARERITEZ7: QOLAK T, 72 bONTEV BB AA: O ERZREEHIEGERE CTH 0 . (OARREE DI L2 0Tt
5FLINICFEL T 5 L ST 5 (1], DAROREEILT V7 (1.2~6.7%) SBCKH#E 1~14%) TE. ARD
ER B TEZ BN TR S, R A A EORE R E 72> T D, HFITH, Bt e REIRICE
K922 EDZ\, LIEGERSE (Sudden Cardiac Death : SCD) [3OAEEEE T B LA DK 50% % 15D 5
LWVIHELH Y., SCD 29 570 DiEALEMEES (Implantable Cardioverter-Defibrillator : ICD) 73—
W SIVTWD, L L7235, ICD OFGAAFIMIRETHY . & HIZICD ZHEGA FAEE DK 50%H3 i
U7 R (EREISORVAEIRCO Y o » 7 1F8) 2L, 26T QOL # KIFIAE TS E, 5o
DFFEY ALY % BiF | FEERFTERIELZ LB TS, LT, fflx OLAREEFITINT SCD D%
AV A7 2 IERECEHET 2 2 &3, #8072 ICD ICER L €, ERESEE OBEREITO THETH 2,

BifED SCD Y A7 OFHili 1A i\ T =BRH=R (Left Ventricular Ejection Fraction : IVEF=35%) 725N

BRE OEIEERIED—>TH 5 New York Heart Failure (NYHA) FEEESFAIZIE SN TS, LinLands, =
DFUIFHEDFEEEMENZ & NS S [2], #ERE U TRERBIS Tl ICD Omfl7avy il ;’Diiﬁ)of
W5, SbiZ, IVEF 2SEEITE T LTV Ve IV REEEIZIN T SCD 2MHEICRAE L TV D HINH DI HETD
59, LVEF 35%754:@6%\%‘ \ZkFLC SCD U A7 ZJ@hiltd 57 /L3 RANEIRIAE L2V & B RIETH 5,

ANTHIRE (Artificial Intelligence : Al) (%, THEWMEOZ\ VMR T — 2 D0 HEROEZ DMEREE THITHDIZF
ATHY HlZE BRAI=a—T /L F v b U —7 (Convolutional Neural Network : CNN) 2% L72.0&EX (ECG)
ATET /WL, ROk (3], DHEEOHEE (4], HDOWEITE T (6] ([T REMAZ R L T\ d, &2 CTHx
[LDEK AT €7 /ML Y, SCD U AV %5789 2120 DEHEBE/ZFHEA R L, ) 27 @ik adiEd 5 2 & T, B
RO L0 RN D723 % LARGE U e, MBFZETIE, Bl EBIEENET — 2 _X—2 2 HI T, DAEEE D SCD
ZTHT 208N ALET /L (LT, ECG-Alindex) #1ER L. ZOREAFHET 5 Z L2 HAYE LTz,

A &

1. T2

West Tokyo Heart Failure Registry (WET-HF) (%, HUREHNED 6 SO =IRIEFEE (BEFRBR TR, SR
FIRE, AL AR, SERINERSREE, AR A TP IR, B EERIRFERRER 2 —) BBINL TV DR
MELARIR— R CThD [6], FMEROFBOMRIFILT—T 4 F—F —D3AREO G & | VRO DI EIER
I LT AR ABEEE Ok A I & L Q5 B A guibe & i RERRHERRER 2 v 2 —0 2 i
EBRL . 4 MEROBED 12 FHELBEXT — X 2 KM OB A IVT VAT ALl Uiz, LERT— 1%
500 Hz %27 7 L— N T 12 5550 2.5 BIROKRSRIER T — &2 A5itik Sz (V1 - 1T - V5 #5E1T 10 @F’EJ
DT —HHY), [FA—EBE TEEOOEMGERD B 555121E, e bIBPHIINT — X AT Lz, 2006 4~
2017 - F TITHEAANTALFRPE LTz 2,659 44 DLAEEE 25512, ECG-AL index DF#FE « FHliD7-01T, Bk



T ERREBA IS UC 3 DOMNL LTz adk— MIEFE A DFE L. (Derivation, Validation, Test cohorts (X 1)),

4,000 consecutive acute heart failure patients
enrolled in the WET-HF registry from 2006 to 2017

408 were excluded:
164 died during index hospitalization
244 were not followed-up after dischar

3,592 patients who were discharged and followedup

1,033 were excluded:

> 195 lled in the two hospitals wher
N ECG data unable to be extracted
838 did not record ECG at discharge

2,559 patients with a single ECG data

! {

1,028 inhospital A 454 inhospital B 1,077in hospital C/D
were selected as were selected as were selected as
derivation cohort validation cohort test cohort

1. BpEE 7o —F vy — b

2. ETNMAER
CNN ¢ Long Short-Term Memory (LSTM : recurrent neural network [RNN] o—f#) % LCSCD T#Hl€

FIENERL LT (2), ZOFT/ME, HBHHR EE o 2 R C Ttk % —2 | 2RSS 20120 L= 1 %ot CNN
ZAfgL, HHIEVGHR AR 2B DRERYIT — 2 T2l L7 LSTM % 2 J§ER/==2—J L ry hU—7 T
TR ST, WIIFER 0.0001 © RMSProp 477 1~ A ' —% M\, binary cross-entropy K% /Mt % &
INTET NOFE%FENi L7z (Derivation), 7 /UIESE (epoch) & THHZ Validation 77—t v NfH L TGt
L, T_XTOFEKTRACR BREEOERNET VAR L, 5402 Test cohort (23U T — 721 £ OREE 235
L7z, T N0 214 Tensorflow framework version 2.2.0, Python version 3.6.8 Z{#f L 7=,

A) (B)

—

ECG data
Convolution 1D
Bidirectional LSTM
Convolution 1D

—
—

Train model
by selected patients

Calculate the performance of
maodel with the validation cohort

50 epochs
done ?

Convolution 1D

., . End Training Test cohort
Bidirectional LSTM
F Ll| | co nnected Best model that ?trformed
V based on validation cahort Calculate the performance of

Prediction of SCD

—
—

| model with the test cohort

2. Al B LS (A) & Al B /UWEROE Tt 2 (B)

—a—F/xy hU—27%F7 /UL 1 %ot CNN BLOLSTM THEE S, 2FEAE (Fully connected) %58 U T,
BRI SCD Ol e LCiicing (K2A), #REIT 3 D adk— MInSHISi, Early stopping & VT
BEOEFNVEERE. BT ERIZES LTV W Test cohort TFDETF /VIBELZHEL LT (K 2B).,

3. FHEEE
UEENTORHITE B 13 SCD & ICD {F#) (FEXMIBRME) & Hibif<— 7)) OBEAETY RABRA v R & Uiz, YR



BT SCD Z IEREICFHITT 572012, FELCA X2 MIWFFEERN DA X MEZBS TR Sz, 3XTO%E
A~ MIWFFEHERAHEE L, KEDEEZ - D72 (AHA/ACC) DAT— kA Y MIEDW TR
ZOFAL, BN A N MEELRB SR A TRE LT, SCD 13 k> AHA/ACC DAT— A M IV, FhvE
TLE L OB COTHREFRARHOIEL, EiLOMERUSADIRR A & TRWREARIC L 5 & Bbitd
BT (BHRREE) DEFEZ AT RIIEC LICBE BT LERIIVL, 72720, FEL L7 T 24 BFfHILL RIZh
Tz THBEDWRWEAIE IO ) LER L, BHFETILSCD & IdMMaZ B L7z, ICD fEh3ERS
P, HOVITREIRT— Y — R SCD b 2855127 M AT = v 7 % 5Ehifi L CHEE Lz,

4. HEEHENT

i SCD A~ hOTRINCBIL T, 1EROBIAA FF A O ICD HEEHIH (LVEF=35%35 J OV NYHA #hE5y
MO~ ., F721X ECG-Alindex & DflAGHE (ECG-ALHEAEET /L) OifiliEE ROC-AUC (R AT 1 v /A
J7HTE L O pairwise Delong’s fREZEH) . TSR & RO~ 7~ k& Hosmer Lemeshow REIZL D
Calibration MHREDFHMZA T 72, WIZ, FANIEFE L CW=& 7 71— COET WEREOFHN 21T -7 (D 4
i - 75 TRLLE vs.T5 R, ORI - B ve M, @ JRIA - R ve HEEIM) . LVEF 45 (=35%. 35~50%.
50%= [BLO v b4 7EAETRLISNC bR TE]) 12 ECG-Alindex DR, #34 SCD A X2 k& non-SCD (G
CMBGESRIE) OBEFE B3I L7=, F72. i) A2 (SCD vs. non-SCD) %%&)& L7~ Fine-Gray ©7 /L& L7724
TFARNT % O C 380 LRI L 7=,

#5 SCD A X k& non-SCD DY A7 LA vt 5728, ECG-AI index & ECG-AI H5ET L DZENE
AUZE DTN AT D=5l C 3 BT, #AID SCD & non-SCD A X2 hDFA=RE | fHAIRE 2 VY CREm
L7, T TCOfENTI R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria, 2008) @ tidyverse,
tidymodels, pROC. PredictABEL, survminer, cmprsk, riskRegression, survival /v — 2 H LC5E6E L7z,

HBRESUER

1. BEER
3 DD akR— hOBFEOEMT 73~78 1% (FIYE) . LVEF 40~48% (FJ4E) . NYHA BEREH T~ OEE 1
75.2~93.48% (Fufil) . NYHA BERE/EE T~ OEIAE 75.2~93.4% Th-7= (each p<0.001), ICD flifH=:i% 8.0
~8.4% T 7= (each p<0.001), ICD ML 3.0~8.4% &\ TN Dliisk T HLAEIIKA > 7=, Test 2dHR— h
(Mm=1,077) 12V Tid, 236 41 (21.9%) 2358BE% 3 4RI CHEL L, FDOWERIE SCD 28 48 5] (20.3%) T non-SCD
23188 # (79.7%) Th-oTz, Fi=, iEbI72 ICD 1FEhE 4 TR0 BT,
2. ET/UVHRE
ECG-AI index HJHTo 3 4D SCD A <> hFlEEIX ROC-AUC=0.62 (95%{Z#EX[#] 0.54~0.70) ThH -7,
164> SCD TRIOHELERIE (LVEF=35% & NYHA H§GE/ T 70 10) &% 212 ECG-Al index #iENIL7=E7 /v
(ECG-ALHEATET V) OMREZIR LIz Z A, ECG-AIEATT NV CTHRBIFAEICSEE LT (ROC-AUC : 0.66
vs. 0.59 [p=0.017 for Delong’s test], p=0.11 for Hosmer-Lemeshow test [Calibration] ; net reclassification
improvement : 36% [95%1E4EX[H 9~64%]. p=0.009) (X3), Y7 I N—TFHrClL, 75 mELAT, FERMME
JEIZRUWT ECG-AL A ET VOREIMEN TV (M 4), £/, LVEF Bl TiE LVEF 35~60%DEHEFE
BT ECG-Al index DB/ SCD THRBENMBIER Tz,



A. ROC-AUCs between the models B. Calibration of the ECG-Al combined model
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1.00 o
e
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— Jf ®
.‘? U Risk of 5C0
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"/
0.25 [/ 25
. —— ICD indication (LVEF and NYHA]
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no!
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X 3. KET/NOMAEE : ROC-AUC (A) & Calibration (B) @ FHNE vs. FEHIfHE)
FEEEER 2 T SCD et T4 nHIL, F4EHToOTHNE - SEAEE ik L7z B) .

ROC-AUCs (95% Cl) P value
—a— 0.66 (0.58-0.73)
All n=1077 0.017
—— 0.59 (0.53-0.66)
—l— 0.61 (0.5+0.71)
Age >75 years n =604 0.298
-—o— 0.57 (0.48-0.65)
—— 0.73 (0.64-0.82)
Age <75 years n=473 0.012
—a— 0.63 (0.52-0.74)
—— 0.62 (0.53-0.72)
Male n=638 0.146
—— 0.58 (0.49-0.67)
Female n =439 0.70(0.58-0.83) 0.062
—— 0.61 (0.49-0.72)
. —_— 0.59 (0.46-0.73)
Ischemic n =305 0.502
—1 0.57 (0.45-0.68)
. . —_— 0.68 (0.59-0.77)
Non-ischemic n=772 0.026
—a— 0.60 (0.530.69)
r T T 1
0 0.25 0.5 0.75 1

(4. ECG-AIEAET /L (fka) LAEkD SCD FHFFEE (Rta) OY7 7 N—TR O

Wz, HEEY A2 (non-SCD) %% L7z Fine-Gray Bt 7 /MZEBWTH, ECG-Al index 72 HONIHERD SCD
THFEEL & HITHEIC SCD %842 & BhE LU= (ECG-AI index (2% if#44#% subdistributional hazard ratio :
1.25 [95%(EHAXH] 1.04~1.49], p=0.015 ; ERFEEIT3T D F#E% subdistributional hazard ratio : 1.98 [95%/F
FEIXM] 1.11~3.54], p=0.020), %AV A7 ET/UUZEWT, Bootstrap 15 (500 & k) ZfEH L7 ECG-AI AT
T VOFEREIL Concordance index=0.65 (95%E#EXH 0.62~0.69) ThH -7z,

%12, ECG-Alindex 5 X O'ECG-AI EEET LD THIV A7 TG E T (Z4301) . SCD & non-SCD ®k#H 5H|
HEFHM LTz, H5ITRT LIS, FET/UMEE D A7 BEEIC/e 512 L, JHRIZED S SCD OFIAIIAEIC EH-L
TWAZ EEiZRENT- (ECG-Al index : p for trend=0.023, ECG-AI #A&E5 /L : p for trend <0.001),



A. ECG-Al index alone B. ECG-Al combined model

100 72 deaths 81 deaths 87 deaths 100 68 deaths 89 deaths 83 deaths
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5. EFAMEEY A7 R SCD & non-SCD DEIE

WFFECIL HEKD SCD TAIT /LT Y XA L il UL Hex OBIFS L7 LEBIX AL 238092 Z & T X Y EfgZz SCD
TR AREEIZIBNTRREE oo Z & 25 L=, £72. SCD FHIZIBWTEEZRDIE SCD R RAYZTH
9% (=non-SCD {ZIIBFELIZVY) ZETHY ., [F ECG-Alindex NEEIZ /2513 E SCD ORI 58 HEE)13 E
HLTWDZ End THEIHI CTH o7, B2, IVEF 28 35%% FRIDHEFETD SCD FHI7 /LT U X AN NH
T, ECG-Al index DFSED M b BAF CTdh > T2DIX IVEF 35~60% Cdh-7= 2 & L EHE/RHALL &2 bz,

A2 — =R a— T FRy N7 oM FiX, KOENR Yy NU—27 3% — OB Z FTREIC L, B2,
2 ot CNN & W2 UER AT BT /UL, ARl & MR TR B 2RO DB B OHSRETE TR 70 LG
BIOFIARIT 2 2 LM SIS (4], SBITHT, Fix i 1%t CNN & RNN Zfia ot 70X Al
T DB CRRVUIE 7 — T B A T DR EE A SV CRECE A 2 AW L [7), LinLe
N, B2 A7 OHIZIZRNN 2038 LT 55065523, RNN ZHW2E7 /VOMREDS CNN K0 ST
DNFIARATHY . RNN F721E CNN [T L= Z A7 IZHOWTH art o AT EEE LI TR,

SCD |ZB# T2 LB N — AR E TS SIVTW DD (R s, FEIEREAI7R L) | il % O ReENx
T4y TN OIERBIS CITEEMR STVl Fox DOER Al M 242 TV D D7) gradient-weighted class
activation mapping % VN T2 & Do i | RO DN E H LTS Z Vot (57— 2 A4z
), ECG-Alindex |3 SCD (ZBIO D FHEA MG LIZHBETH Y | BRIC O BEIER Th D LB X b,

WMAFZECIE, BEHRCA X MEIOSHERTICARE L QWD 2 E D —FDIRATH Y | FHIA > NIMEZ 5 2 & C
X0 EHREE D SCD Tl ek S5 ATREME N B 5, IEME7: SCD Tl ICD HEAZMIMZATH Y . A1 L 0 KR
REMAXIBIT, ZOREPFITE D2 ERGEEL TS ZERUETH D,

HFIBIRE - S

ABFFEDOIEFIFEA 1L, BERERBR AR MBS OB E — RS, WHREAL, ¥, mmE—,
TR, BMRFEABRGAR O G H WA, S, FASHRPAEERGARORME, BERINERRT
TEERERPRIO PRI, G EPBHRERGNRIOEHET, F)ITHY . ZOHEE D TRELE L LTTE T,
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