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o AN DR OERIEMDEE SN TV S25,
INSICU By ZF7F—% %#iGH L7 Al (artificial in-
telligence) BHFEHIZEIZFEICOW2IED ) TH D, T
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TR Yy =N D 9 b,

413, 2020 4EEE. NEAF SIP (Mg A ) N—2 3
VRIETR S L) OAIRAE S VHEEDY OBk
LT [#HlaaF o4V ADERBE - 77 F O
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AWFTEIE. WrgemB A O RR O FIZ, 2020 45 H
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g L7z, BHENHUT. R2 IR TEARMGREEKIIC
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BRI D 9 5, fENE 7V — Thbeh © OB E R
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ECMO : Extracorporeal Membrane Oxygenation. SOFA : Se-
quential Organ Failure Assessment. APACHEI : Acute
Physiologic Assessment and Chronic Health Evaluation II
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ICU AZ#%HE
Fi0,
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pH
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F10, : Fraction of Inspiratory Oxygen. Pa0O, : Partial Pressure
of Arterial Oxygen. PaCoO, : Partial Pressure of Arterial Car-
bon Dioxide. SpO,:Saturation of Percutaneous Oxygen. P/F:
Pao,/F10,. APTT : Activated Partial Thromboplastin Time,
PT-INR : Prothrombin Time International Normalized Ratio.
FDP : Fibrin Degradation Products
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L7zo VTR LT 7= 28T —% (n=
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12X %737 X — ¥ &% 1TV RandomForest. XGBoost.
SVC @ 3HBEOERRICEIHETY) v I aifro7z (K
1E B)o BEHFHET VTR, ARFOHLEEE 0

Hf% (n=3, 5. 7) ©o2kuzMliL, BI1CIIRL
TPESEEDEALT 587 —> (I, O, ) &MmET
b5 =2 (N, V. VI) D687 —=IZ5HL, £
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1D). FEIEEZALHT O OBHEEHRL Y 1 ~Mid 24
HH, V~VIid 35 HH 2 & LTEAL (B 1B).
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WCEIEEA A7 0BAb Lo 7z “ B LM " L E L
7o DTNV EMSIMLTANT— % 21 L 720
BT TV OREED . RIET VL FERICEZHRER
D) HLITRTCOY VY FIVICRBTF = P& TN VI
HEHMREE LGRIRLZ, 55—V licr—4% %
FHMT— & MG 7 — #1258 L. GridSearch (2
£ %735 X — & #E# %47\, RandomForest, XGBoost.
SVC & 3HEHOMELRIC L HETY ¥ I 2fr-7z (K
1E)o KT, BREIFMET IV, EHTFHETVE D
245 PR (accuracy. recall, specificity. pre-
cision. ROC AUC. F1. kappa) % & U2 ROC curve.
PR curve |2 X 2 MGE# 1T - 72 GridSearch, SVC.,
L O FHITR A O H 21 scikit-learn (ver. 0.24.2) ©
% . RandomPForest (Z1d imbalanced-learn (ver. 0.8.0) 7
%, XGBoost 121 XGBoost Python Package(ver. 15.0) ®
EENENWEN L7z 7075 L0FEEITT T Py-
thon (ver.3.811) ¥ TiT- 7z,
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20214 A1 H25 12 A 31 HETOEEKE (&
LTT7 V7 7hk TV HR) AT S 72 6]
#1036 (FF980 KEd) oF—% kv bEHWT, I
LRI 7V B X ORI IE 7OV O R BIEORR
FE % 4T 5 720 BHIFliE RandomForest, XGBoost,
SVC O 3HHDET V2 L7z HMTPIIZ T~V
DEETNIY — Y ZNZNIBNT, T IR
DORGE T b IEEOE > 2 HEERET NV ERA M E
T E LR Lz, TR EOKGEL accuracy B
& U specificity @ 2 D OFHliFEEEIC & - THEE L 72

M. # xR

1. REFRET IV
RandomForest. XGBoost. SVC @ 3 fi¥H o ¥f: 2 ¢
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A 1. BEIEHT — 2 OBME, ANT— 2 DER B inz-s
FEIER 7 ssqy RATA BT
f TV ~m v~
. v PRI binary (e} (e} o
2.7-305% APF—4% RRAE  BHE Binary o o

ERERE  BMEREE binary (@) (@] O
4/”///A\\\\‘ji, AR BEERE binary 0 0 ©
¥BTF—4 REET — &2 ERES  FTRD/FE binary o o o
EBRE  FERA binary o o O
3 EFYLY RS REAL. MEHEE |binary [¢) O [¢)
g v ERER  BEES binary 0o © @
INAIS—INT A — 2 1ETR EREE . Z0ft binary [ 0 e

+ ARG OER binary [e)

. _ < ECMODEHA binary O

ETNT 4T 12T MEMEDRES binary (e}
REFRAET IV i continuous [¢) [®) [®)
5 — AT bhTU Y b continuous O @) O
EBTRAETN B mEkE continuous O o O
A\ BFRER continuous O O @)
4. BT ILOIREE U 2 INER continuous [© [© [©)
/)iREL continuous €] ¢} @)
CRP continuous O (@] O
TINTI continuous [©) O O
Na continuous O O [©]
IREER continuous O @) @)
C SR oy | K continuous [©) ©]
2 3 4 5 6 M ¥EE continuous [¢] o
(BE) (hEE) (B|E) (BEE) (L) WEUILEL continuous O [¢)
ANLFEGzs: NO NO YES YES — JLTF= continuous [©) O
ECMO NO NO NO YES — D-44~v— continuous O O
LDH continuous O O
Fio, =021]) 021 < — — — AST continuous [®)
ALT continuous [©)
. o N FLERE continuous O
D mzpziis—> APTT continuous o
4 5 6 PT-INR continuous @)
(BE) (FHIE) (FE) (BEE) (D) Fi0, continuous O
REFEL FICEE Pao, continuous [©)
Paco, continuous O
pH continuous (@)
Spo, continuous O
iV P/FE continuous [¢)

- BREE bounded continuous| O

| EfED 5 DEIE
| BEEY S DOREIE

E zxu>y
E=3-Ch o IRV A Balanced REC Balanced_SVC Balanced_XGBoost
Algorithm ?eas'tac’:‘;zg;:‘dm':o sve XGBClassifier
Refit metrics kappa kappa kappa
frcho IR =ab A RandomPForest XGBoost SvVC
Algorithm BalancedRandomFo XGBClassifier SvC

restClassifier

Parameter Search |GridSearchCV GridSearchCV GridSearchCV

Cross Validation RepeatedCrossVall CrossValidation RepeatedCrossVall
dation dation
--CV splits 3 3 3
--#of Repeat 10 None 10
. K /Recall/
Refit metrics ﬁ;g?a ecall/Spec Kappa/Recall Kappa

R1 EFIVOIER - HEE

A, REFROEF VAKX - BEEORN OB % 7R T o BIIEMP S DA T =715k, F—F 045E, 7Y 7, EFIVOKGEE
AT - 720 B. REITFHET V. BHFHEFVORZETFTVICANTFT—=F L LTHALEMELZO T 54 THRT, C. &
ESEET a0 FBROTH & 52 MY ISR L, ATIERZSEOMHH . ECMO O, BEES OAEEZ v CEZOEREREZ 5 B
P L 720 D, FWHIFNE T VO EREEEIL Y — 058 % RT [S] I3ZAbais . [E] (& n HEOZLHREA (n=3. 5. 7)
ZEL, BHEE2HASEREE I ~6DVTLNDOE(LEZ Yy — 2 T, TIEE2 2330 5TEE 4~ 6 WTFRhNOE(LEF —
VI, HREE 2 ~4OWIT N LEIEES 721X 6 ~NOEALE /Y — VT, TIEE 3 ~5D0TN0 S EMEE 2 NONHEEZ /Ny —
YN, EAEE 4 FLESPSFEIEE 2 FE3NOMEE Y -0V, EEELSDPOSEIEL 2 ~4DOWTUpNOREEZ /8y — V&
L7z. E. EFlEs v, EUPNEFTVOZEETWERICHEH L7707 5 8885 A= 5 &2RT,
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VO AT 5720 ENENDET VIO WTREYF . CRP. 7NV7 I Y HBRHTFRISHS 2dbo T
HE 7AW THEGE %2 1T - 7245 &, RandomForest 5T b h ol

®E 7V TlX Specificity 281.0 (18/18) TH Y. JLL=

% 100% ORETTFM L7 (B 2A). 72, ROC curve 2. BHATFRIETIL

& Precision-Recall curve (28T % RandomForest ® 1D RS EEEEILD /Y — 2O\ T, ABE
EFVDECKEESS SN (R 2B, B’ 2C). %4 hodHBHEE S 3 HE 5 Hik, 7HIIS, 285 —
BiEOELELR 2D (2T M Ele U >k Y I omaE (BRFES) DL, Xy =10

A
Random forest model SVC model XGBoost model
accuracy 0.80 accuracy 0.89 accuracy 0.82
recall 0.79 recall 0.90 recall 0.81
specificity 1.00 specificity 0.72 specificity 0.94
precision 1.00 precision 0.98 precision 1.00
roc_auc 0.90 roc_auc 0.81 roc_auc 0.88
1 0.88 1 0.94 1 0.89
kappa 0.28 kappa 0.35 kappa 0.28
B ROC curve D sxus Modd!
ERHUBNERE RF gXGBoost
Lgp g e *:I___Ep::'--—-' i 0.0080 : 0.0434
- a .
H
= as
2
8.
® —— RFC (aréd=D 90)
g - SVC (srea=0.1)
ax - AGBoest (area=0.88)
. --=- Random guessing
aod b7 s Parfect parformance
EIII'I D.J‘ na [: 1] [T LE-]

False Positive Rate

C Precision -Recall curve
Lad
o
c asa | — RFC (area=1.00)
2 — SNC [Afb0=0.99)
E - XGBOOS! [aréd=1.00) \
e REngam guessing \
e ﬂ
s El BEE (FTI)
on az [T} [T Y [:1] 10
Recall 0 0.4

2 REIFAIETIVOKRIERER
FEMF—% (n=1435) %\ T L7z Randam Forest, SVC, XGBoost D &€ 7NV ZHEH 7 — % (n=359) 12X W REEZ 4T 72
A, FETVOFHIHEEMEZ /R T B. £ET VO ROC curve /R8T, AL MIZZNENT v ¥ AdfERii L BEfEE £ L T b, C.
%€ 7 )V ® Precision-Recall curve #7/R”3 . iz v ¥ affiEl%#*K L Tw5b, D. Randam Forest. XGBoost € 7 IVIZE1T % 545
O EPEE %R Y, FTI=Feature Importance
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HRE (AL DLRICE LT 2282 PS5 ET
VOFREEZR 3 LEIRT ., 720 288 — Y N
fE (BRFEHG) KChE, =y Vol (AL
WP0e) A mE, 8y — > VIo#ERE (ECMO) &
WHET 522 PMTHETVOMBRLR 3 TE
R XY — T (NTIFRASLE L 2 512 EICE
{b) BLX O (ECMO 2LZ L 72 %13 LI2EAL) Tld.
3H#. 5 Hig 7 HBEOEEEOHRZ B WHEETT
W ENTEZ, TNSDOEEICHDD B4
EOEIE LR 4 /o lRT . Hil, ) v 3Bk E, CRP,
w#aFE (BUN), 2L 7F=r, D-¥4~—, LDH
A RIS EIEAL T 2 H MO FIZELICHE S b o

Pl s EmERs) LB -

— P = AT LEcEE —

TV Ebholze 72785 — 2 N O (18
FHe5) KikcmE, 87— VoEE (NTIFR)
Kz, 785 — o VIOBERE (ECMO) A2 n]
BWIAHZeETFUMTLETFT VTR, ELIC5HE 7
HBEOHEREEDOMR 2 B OHETTFHT LI EMNTE
72o TNOHDOEBIIHI DL IFHEOREEELZR 447
\27R9 o CRP, D- %A ~—. Pa0,. P/F WA H#%IC
5 2 H I OHHZEACIZHR L b o Twb 2 &as
ol

3. EFIVOBERMREE
AR 1) oF—% 2 HWTERLZ

—Jil #== EcmO) LB —

ROC curve ROC curve ROC curve

1 > 1 1
& - & &

11 - 11 11
e . e e
] - ] ]
= ok - = ok = ok
= - = =
= - = =

LT LT LT -

=0 3days (area=0.92) =®- 3days (area=0.83) »% =@ 3days (area=0.93)

W oos =0~ 5days (area=0.80) P f," ~0- 5days (area=0.78) P f," =0~ 5days (area=0.87)
E =0~ 7days (area=0.82) E =@- 7days (area=0.79) E - =@- 7days (area=0.84)
= an ~ = Random guessing = ol ~ = Random guessing = ol - ~ = Random guessing

an 1o an

False Positive Rate

3days 5days 7days

False Positive Rate

3days 5days 7days

1o an 1o

False Positive Rate

3days 5days 7days

accuracy | 0.85| 0.71| 0.75 accuracy | 0.98| 0.96| 0.94 accuracy | 0.98| 0.96| 0.94
recall 1| 0.93| 0.92 recall 0.67| 0.76| 0.72 recall 0.67| 0.76| 0.72
specificity | 0.84| 0.67| 0.72 specificity | 0.99| 0.98| 0.96 specificity | 0.99| 0.98| 0.96

EEEE n=743 (¥% :n=520, #il : n=223)
A n=289 (% :n=202, #%il :n=87)
n=316 (¥% :n=221, #&3f :n=95)

EEEE n=931 (¥% :n=651, 43l : n=280)
5 n=451 (%% :n=315, 3l :n=136)
[LEE n=461 (%% :n=322, #3f :n=139)

B n=743 (3¥% :n=520, 3l : n=223)
[EEE n=289 (¥% :n=202, il :n=87)
n=316 (¥ :n=221, #3f : n=95)

| +EE @mERS) »50EE

—f B2 AR »oOEE —

—N #== (ECMO) pEOEE —

ROC curve ROC curve ROC curve

1 1 1

& -~ & & -~
- -

5 o » - - 5 1] 5 a8 ) . &
@k - @k @k -
= os " = os = os -
= -~ = = -

LT - LT LT -

=@ 3days (area=0.93) =0~ 3days (area=0.81) " =0~ 3days (area=0.89)

U ax =0~ 5days (area=0.86) O az f’f =0= 5days (area=0.86) O az f’f =0~ 5days (area=0.99)
£ -~ 7days (area=0.85) £ i =@~ 7days (area=0.88) £ I“_.-""- -®- 7days (area=0.92)
= ao ==+ Random guessing = ao ==+ Random guessing = ao ==+ Random guessing

an 1o an

False Positive Rate

3days 5days 7days

False Positive Rate

3days 5days 7days

1o an 1o

False Positive Rate

3days 5days 7days

accuracy | 0.86| 0.79( 0.98 accuracy | 0.71| 0.79| 0.95 accuracy | 0.82( 0.98( 0.89
recall 1] 0.93| 0.71 recall 0.91| 0.93| 0.81 recall 1 1 1
specificity | 0.85| 0.78| 0.99 specificity | 0.7| 0.78| 0.96 specificity | 0.79| 0.98| 0.84

FEE n=1414 (%% :n=0989, i : n=425)
5 n=1272 (%% : n=890, #if : n=382)
[ZE n=1197 (%38 : n=837, 3l : n=360)

I n=1256 (¥% :n=879, 4l :n=377)
[EEE n=1137 (%78 : n=795, %3 1 n=342)
[ZE n=1076 (%38 : n=753, #il : n=323)

B n=362 (%% :n=253, #if :n=109)
[EEE n=353 (% :n=247, 13 :n=106)
[LE n=350 (% :n=244, &3l :n=106)

3 BEEHFAETIVOSIERER
I ~VIOBEFEELZL N Y — V2OV TEFRZENRDONZ M EFIVIZBIT S ROC curve & SFEAMTRIEEAE, 2238 L MEEICH W27 — ¥ #E R T,
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FREMIE TV S NTEHIE T VIZOWT, 2021 4
AHA1IH»S 1231 AFTOERKE (EELTT NV
7 7Rk TS RR) WATR (B 2) (SIS L2 T —
by MEHCTHIAREZRGEL 2L 25, IO
»oBENHERTE (B5),

N. £ =

AW TIZE T, DAED ICU IZAFEL 72 COVID-19
BE 1794 Bl 605402, ICU AZED S 24 LN D%
FEE A S BBERE O EIEZ P 2 AL E 7V & /E
L7z THETICU TIE, £& LT, 1204
2R A, BRI ORI E 2 a7 2R
% Acute Physiologic Assessment and Chronic Health
2 2 it (APACHE II) "0 7Mfibi, P& (k-

Evaluation

INg =2l

3days : 5days :

Web it [AFH : 2023 43 [ 30 H]

38) OFIiE, 2 APACHE 1% % &2 L7 Pre-
dicted APACHE A2 7AMi & CTwb, Lol
DA TIX, COVID-19 &\ o 724 %mﬁ,mr‘mw b
DTHL, F7205 0 ICU OE# T HTBzE S
N7zb0%»T, HADICU @Iﬁﬂﬁc:ai%f LHHEIL
THRWI EFFERIN TS 1Y,

AT BV TR L7z ICU A0 5 24 BRI LA
DLHEHRA HBIEREOAIEE TS 2 ATETIVIE,
COVID-19 Z i RICL72EFVTH ) EnkiEL R L
TWA DT, BHENIBT 5 HFiE COVID-19 DA 6T
BOTIMICIAEHZLDIC R EBbhb, E5HITK
F7eTid. ICU IZ ABE L 72 COVID-19 ¥ 1,794 B0
B (RF9.072 BEN) oM E M- T, ICU
ABEH DB % W57 S B H B ICE LS % 2 mE T %

INZ—2 IV INZ—2V AV Y]
3days : : 5days  3days

EEE (FTI)
[ T
0 0.2

e

P/F ratio

R4 FBHFRHETIVICHT283EBECEEE
I ~VIOEFEFELZALNY — U IZOWTENRZENDONA N EFVICBIT 5 ZFHEOEEE 2R T,

2023 © Copyright Japanese Society of Respiratory Care Medicine. All rights reserved



AL 5540% 15 Web ik [AFAH : 202343 H 30 H]

Accuracy

Specificity

w1 B2
(2020.5- : (2021.4-
2021.3) ;202112)

R B2
(2020.5- : (2021.4-
2021.3) ;202112)

FZHAFH

EFN

X5 EFIOBRMRIEOHER
HEEEARGEATRE QU 1) © 7 — % % v TER L 72 BRIl 7 )V ® RandomForest,
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