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Abstract: The development of Acute Kidney Injury (AKI) during admission to the Intensive Care Unit (ICU) is
associated with increased morbidity and mortality. The objective of this study is to develop a machine learning-
based framework for interpretable AKI prediction in critical care that can achieve both good prediction and
interpretation capability. Data extracted from the Medical Information Mart for Intensive Care III (MIMIC-IIT)
include patient age, gender, vital signs and lab values during the first day of ICU admission and subsequent
hospitalization. In this study, the prediction performance of the XGBoost model is demonstrated by comparing
it to four other machine learning models. In addition, the SHapley Additive exPlanation (SHAP) framework is
used to provide individualized evaluation and explanations to enable personalized clinical decision support. The
results show that XGBoost can predict AKI robustly with an Accuracy and the area Under the receiver
operating Characteristic curve (AUC) of 0.824 and 0.840, respectively, which are higher than previous
prediction models. Furthermore, a feature dependency analysis is conducted for two pairs of features and found

decrease in urine volume and elevation of blood urea nitrogen indicates an increase of AKI risk. To sum up, this
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interpretable predictive model may help clinicians more accurately identify patients at risk of AKI in intensive

care and provide better treatment for patients. In addition, the use of this interpretability framework increases

model transparency and facilitates clinicians to analyze the reliability of predictive models.
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SPEE B4 (Acute Kidney Injury, AKI) B4
OEFEASh N D RE I E R R, B E EER I
M5 WL (Serum Creatinine, Scr)F & 8¢ bR 2 8k
AL KRR 201 24 B 35 4 Bk IR TS 41 4 (Kid-
ney Disease: Improving Global Outcomes,
KDIGO)#& H iz WibriE, AKIHEE 48/ N 4
Scrt N4 /26.5pmol- L ! (0.3 mg-dL 1) Bik )3 2%
ERI1.56% & UL E,  H AR HE W iR ol k A4
E7dZ W, JREWAD/NT 0.5mL-(kg-h) ™, HIEA]
Frgi6h L B AKIFE & Bl PRIA 55 #2228 8 8
2], HEAERYINE (Intensive Care Unit, ICU) &
H20%~50%" 0, FREEERS%~T%T . 1
bh, AKTE S RAET ARG, 5 AKTN &5 A
bb, S AKLEZ LT AR 1 7650 AR5
PMRAEICU, AKIEFHIPETFE1410.3%~26.5%" 1,
5 B AE B S Bon . AKLE R A 1H47~
240123 7T I B HIL

AWPFRY], AKIZ WIS, & 2B EERE
ST EE R Z, ALY, g R Z
EERY], RMEAKIERER Bia @, HAKHHEMEE
o~ O LB S 3 R A0 T 1 KRG 0 2 3 i 11021,
B, R AKX 2, o0 AK TS XU 825
BEAT R, X TR AKIR R % A 045
Pt IR T % E A RE L.

FEAKIHE S I R/, IR &2 SR B )
RE 8 (Acute Renal Failure, ARF), A 1 5&ifH
SO0 4 B AE 2 W b o ) M A B AKTHRAR 22,
T 52 W 0 F0A] 48 22 AK T Ji& Oy 7 B BRORT H
Be e g B m ) ke, 2 IE B AKI At T A
TR DL B S, I R R A R DR I VA AE B
B 40T KA A R TIAKT.

AR, M85 2] (Machine Learning, ML)
VRAESRIR TSR ep S 02, A BT T I AT AR
I Scr/KFFELA [ 1l PR 48 b5 R T A KT K 4
Flechet®§ N1t 2524 & 5 &8 & £ 47 1 A1 B LA
T R B AR AKTTHI ) 25 5K 5 2 T B L AR AR B
EAKITNAE AR GE4T T EOES, R I AK TR A Y
RE I 126 H v 1 B Ak D PR PSSR LR AR BE
TSR .

(B H ATALAT B ARTRUS TN 32 BEOE 4R v
PR RIAER I, T AR R AR R O R b, X RS
LR 2 ST AR A I PRSI B v A R 22260 R
N T SCRPIRRERAE I PRI, A7 b BEAE DR FF HE R T
TR BEAR AT AR X e Ao R, (RPN SR R4
{1 AT T A AT AR B R AR, UM
TR ARE R < JRAR T I, T AR AR T
HABZERBNIEREP. A, A HRRITR
— AN ATREAT AKTH- I T (0 P R A, o i A
RUfARE, IR R e 2 N TR AR o

AILAERIUTT = 25T RAE TR R T
fEo HE3TTHIRAT RXGBoost(eXtreme Gradi-
ent Boosting) FISHAP (SHapley Additive exPlana-
tion)o EBATFIEE5 TR AKT RS TR 1) 24 S AN
PEREHEAT 0 AT ANHIE, R SHAPHR LR & L
ke, B, XTBETCAE R DU AR IR VEEAT PR
HITTE .

2 HEXIME

SIS R S S T P DAAE S BT Al N A
THREREREEN, g, 11%MERIET £ H
TR e S I VU R YR I 0 1 AL B 28 dE 5 AR
K, MLGIETEWERG F By T A KT = f 88 3% 75 T
RAETEEEM. Fli, Flechet® NP KR I
UE T BENLARMR AR, s ST T RAEICU 3
MIAKI, 32# TARFFE#I 4 T i #H(Area Under
the receiver operating characteristics Curve,
AUC)ix3]0.84,

Mohamadlou&§ A PO FH i B 52 F+ 5032 DU AR A
AAEFNScr AFFAE TR EEAKL, AUC{HTE 84871
IR T2/ 237308 0.76 /10,73 WKAE, Leie APUAE
15 FH R RE AL 28 25 SRR SRR AR J5 HH A KT i
o, RABMEPIAUCH0.82, 4h, Koynerd
B2 Y FFAE e i Hobh B4R TH AR R k4T 1
HMEBIGUE, 1% OIS 2R 56 48 /N P THA AT il i
AUCTE N0.67.

Simonov& NBUFIH >k B 7] — EAfRfE R4
3H I P 1116985944 B A e £ 5 1) [ Jo 7 e 48 O
KT — AR BB, FEUE IR T A SE
6y % 4 1) ] BB R AT DLAE B T A KT, AUCH
0.74.
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XuZi NBITHMLAE A (B4 E ). BEHLAR AR
BEEEIRTHRE) XF58976 151 EAE i 475 7 AK LR 1)
BT R HEAT TR, BRI TR AUC
H0.75, TETNAET: 25 T T HARAY

ZimmermanZ A B %t239501 gk 4F /B R
AT TWEAL, @S T BB, HTA
ICU 72 h/a AKIfJF-BAFM, AUCH0.78.

Rashidi% A P7FF & I 9 3G E T ML A, b
5T 5054 K A1 4 0040 B B AKTR- B . i
AT 3 VA b 2 9 5% A5 Y B 0% 2 11T 6 2 h o A T
AKI, AUCH0.92.

WIRTFTIA, K2 HBR [ AUCR I — 032 %),
T — SE A S AR AR T BB, WO IEFARE
HBU, B FOREAC R/ NET, AT PRI T X LA A
. b, MWERITTLUE S, HArk2 5
5 P ARRAE ) S AR BB, IR ERIR B 4.
LR K 2 Z AR R, R TR AR
AL AR E RS R ML T, ARSCHERT
WA FC I a8 R A T AT U7 ) L R o
4600044 £ 35 1 25 10 1) ik R H00H ) EE W 4 IR 22 A
2B BEMIMIC (Medical Information Mart for
Intensive Care) [ILZFATH4f 73 B AR AU TF KBS, fx
Ji 5T XGBoost H LM & 7 HE I 5795 b5 B 1
AKTE TR, I i T XGBoost 5 H Al 454
WATHINLES S I BRI RE . SR A o LI
A ARAE AN SIS AT AR AR, IS A R s ik
FEFXGBoost A 4%, HUE T RIFHIAKIE
WIS PERE . 285, FIFHSHAP {1t #IShap-
ley M\ 4 Jm A1 J=) 3 PR AN Fi B 6E Pt 00 A5 284 3F 47 il
FE o MARRESE AR T R TIMIBEY , aXARAIE T
G5 SR 1) 0] SE P AR I R ] R B 22 R S
P o XL RN IR I T AE I 3 EE DTk .

3 FHE
3.1 #EIE

AHIEFE A T BB A S 5T, Hd SRR T —
ASNTF S KU 1) 5 P 2 2504 o —— MIMIC-
Lo I e i BRSBTS 0 55 T
K, AT 20014 220124 UL LA L FHEE ST
HL0 465200 ETCU B 3% T A 4E 0 BE 4 25 5 e
PREE, NERERE R AR T R R 7844 T %
KB,

AFFFE R FINICU B # AKIN R E.
1M FIKDIGOZ Wibr Xt AKTHEAT 52 (), #£48 h
P Scr7K Ik BIFLR B 191565 & LA EB 003 mg/dL.
HEFIAKI IR R 220, PR R B s
i 2 SRR A EUR IR EEE, AT T4
B T IREbRUE. FELRAE E SCHABEE24 hiN B X Scr
A . IR, VIR 1) 8 AE 3 L 2 Ak,
e TR AKTR B 2R, 83515 21 S 9697
ASHIF FE 3 A F 55 1% ) A B AR A R T A
HKea8 hINTCUE: B i K A AKX . 7E19001 41
ICUE 3, JLHEHLH 4532013 & DL &1
AKDFE ]

3.2 4T EIRM

AT B R RN E3 A AKIF R4
o KGR BB W E 1R, Pt(Prediction
time) RN TS [H], Et(Event time)RmAKIKAE
WA, BIPtA& 42548 ho

HAEC T &5 B g A — A e A
g, AP 0(BE RS R A HBLAKT) Al
1(BRFEERGE HIAKD . T BUNAKIf &4,
AR IETCUH A 155 955 RS 0000 7 7 2 ¢ (n
Apache, SAPSEE) . &5 WA G 5 7] H AL B
B, MMIMIC TITECHE P2 $E L T B35 1924 hils R

* 1 BEMRERFAMLEART AR A TAKITHR

ML %k HwA AUC

Wit Hiipsk ek
_— . 48582
Mohamadlou % AP MIMIC-III; Stanford University data set 19737
Lei A1 University of Pennsylvania Health 12615
System
o University of Chicago (an urban tertiar;
Koyner%§ A P ey 8o ( ) B Y 191158
referral hospital)

Churpek AP 3 health systems 495971
SimonovZE ABY 3 hospitals 169859
Xufs A MIMIC-IIT 8181
Zimmerman% A * MIMIC-IIT 23950

Rashidi%& A B7 UC Davis clinical laboratory 101

Gradient Boosting ICU patients/ inpatients 0.73-0.80

Gradient Boosting noncardiac surgery 0.82
Gradient Boosting adult admissions 0.73
Gradient Boosting adult admissions 0.67-0.72
logistic regression adult admissions 0.74
Gradient Boosting Decision .
ICU patients 0.73
Tree
o . adult critical care

Logistic Regression 0.78

patients

Recursive Neural Network — burn and trauma patients 0.92
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PERHOS, B RE R, A, Sery Ak
FEFNSEIG ALK 25 5, DA R/ RS 24 hJR&E
o N T R AEGE, K2HH T AKDER4
RV IE 8 xof B 9 2 8 B ) o A I 0 (B k) o 1%
MR TE AL FRAT 45 2 BT HEAT
3.3 BUBETAIE

T AKISE A R A SR A, XA HRER
HAAd ke 7 RS . AEMIMIC-IIEE Eph, —
W 5 i 1) A 5% R4 AE I R 8 SR e e, BRI 40
bbmil60% LA b teah, FR2p9HIRRH, AKLE

A (Po)

f—l—\
24 h 24 h 241
T B AR [H] PR AN ) (Et)
N
ICU

P 1 Hdfa SR 5] [ R 7 5 ] (AK TR A 218 18] 2

B MAEAKTE & I LE B AT o IX P 1]
A5 AL ST FoT 00 A2 204 6 7 Ty T 000 A0 At e 2 45 5E
PIE. DRIL, ARESR I AR I S AT+
JrEE,
HRZHmRAN LI = e —FE, A
At A d AR B S s ORAE, BN, S EIKE . O
ORI FiE-SKCERR . AR AR
FRTIELZL 2 A 2K R 8] 5 81045 55 % ~ 90 %0 0 K4 sk
Ko HRIXLERRRELENE, RANIRREEE
e X FIXEEGRIAE,  FRATE 5570 5 FI R E AT AL
HORIATE, EMERZCRERE. £/ HIEKE
DUN, A AN (A E IR TR A
ARG BB R R, IF B AT BLRIEHTE
Ja B EEAN 2 R AR AR o (HAE ™ H Gk L
RSO, RRMHEE S SBEEMEAGE S ERIE
b, AR BRI R, 5 E R IR
AEAR BB, RE kR A RFAE AR oA — SRR AL B
B R, AT DL O B AR S AR IE R e

HICUAPE24 hJF) ffitith e ASSCBA R R B BUE AT AR AN, B
* 2 STEEEMBIEEPHIHIBERL(%)
A 1B xR AL PRI
Age, years 63.41416.25 66.544-14.77
Gender Female 6,264(43.29%) 1,846(40.73%)
Male 8,205(56.71%) 2,686(59.27%)
Median, Interquartile Range (IQR; 25%-75%) Median, Interquartile Range (IQR; 25%-75%)
GCS 14.00 (8.00-15.00) 10.00 (3.00-15.00)

Scr_baseline, mg/dL

0.90 (0.70-1.10)

1.40 (0.90-2.40)
74.54 (68.21-81.96)
85.38 (76.44-97.98)
37.07 (36.65-37.41)

18.62 (16.02-21.93)
124.17 (97.50-152.18)
475.50 (381.00-556.75)

28.50 (25.15-32.00)

11.62 (8.22-15.90)

27.50 (17.67-44.67)
138.00 (135.88-140.50)

4.27 (3.93-4.65)
2.80 (2.40-3.20)
1.00 (0.50-3.11)
7.36 (7.32-7.40)
132.21 (114.00-161.00)

67.00 (34.49-108.39)

MAP, mmHg 77.29 (70.39-84.90)
HR, beats/min 84.39 (74.06-95.84)
T, °C 37.10 (36.75-37.46)
R, /min 18.35 (16.09-21.16)
PO,, mmHg 124.67 (93.00-159.00)
A-aDO,, mmHg 439.00 (351.00-532.00)
HCT, % 30.00 (27.00-34.00)
WBC, x10°/L 10.60 (7.80-14.00)
BUN, mg/dL 17.00 (12.00-26.00)
Na, mmol/L 138.67 (136.00-141.00)
K, mmol/L 4.03 (3.75-4.37)
ALB, mg/dL 3.10 (2.60-3.60)
BIL, mg/dL 0.70 (0.40-1.40)
pH 7.39 (7.35-7.43)
Glu, mg/dL 127.00 (107.58-153.00)
FU, ml/h 105.88 (70.42-156.76)
TVU, ml/24 h 1,810.00 (1,194.00-2,663.00)

1,148.00 (549.75-1,995.00)

Aamg il GCS, ¥Hr T aF SkiF4r: R, PRI R, PO,, ShKIM4 5 & ; WBC, H40f; BUN, MJRER;Na, M44; K, M8F; pH, BRILE; Glu, MAE

; TVU, 24 hid JR &
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P s 5T XGBoost FISHAP (1) 2 15 4545 o] f e Tt i 4 31

R IAB HAG BFE A BE R O DL FR - B 1 s A A
(%) PN A 7Y i A — 35 1) L5 2k SR 1

MAFR2MR, LW HNN1446955 0], AKI
PRI NEIN 45325k . FEAKILLAKIN L R B2 3:1,
RUZEAR L B 0 A e m FEAN T ). B T — MR A
T RAE RN R RAE AR EAF 5t . HH BT
REFHEAREA S FECOREHARM E 5, NS
BERUKEFE R R R BT LA, I SRR VI8 2
%, SMOTE(Synthetic Minority Oversampling
Technique) & —Fh i I RAE V%, BB 28 M4
B TTIRAE S B AR A & OB R AR, AT
AR RN LIS RAE 5 RS FU G ). AN FLA
F 7 Chawla% N5 H FISMOTE J7 4 5K~ 4 -

B, T AR A ) i 4R b s s 2 1 HL
EHECEME, N7 IRFFFEBEEZ AR KR,
PAERE T Min-max 3 — 0777228 FRATT R £ e AiE
EIH—L30[0,1] I .
3.4 FUMARR

AW FAFTHXGBoost HiEXICUEH K&
AKI RS 4T @ . XGBoosti #] H ChenFll
GuestrinfE20165E 42 1, XGBoost & —/NEK 5>
KAE, B R 2 A SRR R AT B ORI 5 4y
KRe I Waldul, 75FEH 215 540 s 2
TN 73 (R UGEAR,  H#LE LA IR a8
—ANHRRE, LA BB TS RS mEE (A
MIFR22) o N TR AT e K HL PR H bR iR 3, XG-
Boost {1 T 2Wr 2= e K H s XAk k%, w LA
FEAE B R R B AR T SO, DosE I HA
B E R AT o R E,  RIDRE R pR 2
PRI O R EEARA 0 T 7o XA EREE G IN T
XGBoost P& 1, 7T DA H: 5T A v b & T sk
MK BB 3. XGBoost7E V1 2 S &R A H (3%
PRIASTS e s B e 4 TR R R R R 1) Ak HE A
], [T SATEAR, S METEAILIS0), X ey
P T 036 U0 A KT S 56 s i A v 48 s R 2
M2 . XGBoost L N HL#s 2% > 77 T L ASE T
HA RS BEAEE o FEAB L, RATEHXG-
Boost 5 H A4 FHEIMLE %, W52 HE R 15
(Logistic Regression, LR)+ SZ¥¢[A &AL (Support
Vector Machine, SVM). BEHLZRIK 554§ (Ran-
dom Forest, RF)FI A T4 /2% (Artificial Neural
Network, ANN)FIMEREREAT T R, DURHIEX G-
Boostse 15 e 2 ki (MR
3.5 SHIFHE

FRHE Chen%E AT, XGBoost A (1) P
e RS DLd o B S HCR KA. SEORE X T X G-

Boost By IL G IR EE, i T AHE 5L A8 I 77
PR, T AR R B A S I SR
FpE R ARz A VERE A BOTVEN, BT AFRAT i 4%
T A BRI B S ASRAS IR AL RE

[P s 44 R R BIAT e 2 O A LA o 45 s Y A
AR ISR . FENPAT ICERAE AT R AL A 9 2 11
I AV RN BT, DRI FRAT 14 H GridSearchCV R H 3))
BN, Hp “Cv” RE “ZXIRIE” .
GridSearchCV ] Xl 188 45 € 2 80 75 4544
R, RS A R A, AZ X IRIIE
Ja M X GBoost i 2 H{H /& learning_rate: 0.05,
max depth: 6, n_estimators: 700, min _
child weight: 1, gamma: 0.6, colsample
bytree: 0.7, subsample: 0.9, reg alpha: 0.1,
reg lambda: 3.

AHIEFEH BT 1) TS B LA 5 23 17 #8 2 1 F
Python3.7H [ FFJ5 % (scikit-learn, X GBoost Al
SHAP) fEJupyter notebookf- & L iEATH .

3.6 1REVT(L

AR H A B BENL 73 AU ZRER (T0% [ B S ) Al
DAL (30%HIBAA ), Tl A KX ) A A A A
K H VISR B 2, EF0 I ZRIERE AT AN 3 53 4l
FERENL Y 50y o BEOCHT I HE b 4y RNGREERY, R
T HI L FIR IR A I 25 R BRI g R %8, B
Rz LTSI, BRI THEIA — L A%
R, HARVIEANGRE. THESHMRLE R
FEEMEVE VAR FE ROl T, JRE N AT 54 38 X
o uF MY MR TR bR . 28 ISR T DLE— e FR L
EyE NS, R BRI T SRBUR T REZ K
ARAEE . EFRTF RIS, ARV R I &
Pt T — M AR E W R INEN . BE, AR
FH 142 130 % M A R 47 N BRI, XA A T-3RA1
DAL I 2t BRI 7 it b 3R

KDIGOE 311 AKITRI 45 5 A% 3L 1 £ 22
SR, AU R 23 AL # 42 (Receiver
operating characteristic curves) T A UCTEA 15
MYERE. BRItz Ah, RATIETIN T BUN 44 45
Pr: HERRTE(ACC). BURE (Sen, HSZPHMER, HP
AEE) . K2 (Pre, PHEETGNAE)MFLEY . H
THRITER

TP + TN

ACC = F TN T FP 7 FN (1)
TP

Sen = T TN (2)
TP

Pre = 45 7p (3)
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FERAE + A %

TP, FP, TN, FN4;73RmEBH M. BB
PEL M. B AUCKRZ IR EEAE R ih
LR NTHIAR, 1% i 28 R S v 5 S 1 2 )
KRMIMZE . BEAAPR XN 1-HF5 71, AR A
PR CRIRE), XEhREzn T Her G ALz
YHIFRABUREE, A9 E P PEER (BURE), Yilkk
KARRAER AT, [ERERENE, BREAE
FIAUCAE X FUN AR R SR BB R, FER
A e D 5 ST, T v R B 2 ) ik
RATEY, DR SR BRATT AR AR A 35 B AR I & A A
M EBRIRZAUC. IAh, NT TR M e
AN, BATTHHE 795% B AE XA,

3.7 1EBVRFE

SR P82 SR 2 A IS 7 BRI o,
{8 [RIR = ] f R 1 ™ E R ] 7 AR ST S U H 2
GAFUBRAT S RO o TR AE [ 2 A o 2
W EER . EIT RIS W R G000 2 m ER AR
AR, FRARNEMUR, e RLZEENS A FT A MO
FRBESRALN N RS 5E BB 4R, A e RIS R AR 1S
fBo HFEEEEE B A MR s, TR
A B 73 BT () 0T fR R R 2 2 S A Y 5 LAt A3 R )
N FH SR AR IR o AR SCER A R VESHAP A B I VA TE
AKTH B Wi N . SHAPZE T- 1825
WEURI RS AR, B TE M H G BAESe, W]
PLERfEShapley (B RAG tH AR R BTk . Shapley
B A — e AR A 2R A X 5 2 R e 3R A T T B 4
FRAERY “RE” B “HEBNME” M, £SHAPH
O FTE . 505 48 R REE 2 2% 5 12 (11X G Boost
(RS AE M) A EL, SHAP BE B IFRg—3ik, w7
DS I 0000 R 7 A T B AR AR R I OE /R R,
FF R BB A 4 SR R4l b JR 3 vl bt &
FRIEHE [ O —4HShapley /. B, &EAILL
FH R BB AR R RRAE X TN B DTk, 3n T
FEYE, ETIRREAE 2 T R g mT Sk K
FIT A R A A X6k 87 1% 48 & 1) Shapley {8 BT YMEAE N
AR R E B, BIRTIR R R, TEAR
W, B TR B IC UG R4 b 1 Shapley {8 5K 43 #t
FHRHIE S5 AK AR AH G, 745 6 A DX I PRI 5T
&8 SRR PR 5L B R AR DR AT BT R o

(A Ny Shapley H /& fift B Fr AIE 25 2 M A A — 7
L T R R HERR TR — EE R BRI, T Tree
Explainer &% [ 1R R (1) iR 48, @Ik b 42
B AN 77 V5 0% Shapley B TAFAEHE . A
I, ACKHmean|Tree SHAP|, —Ff3ET/MEAL

F1

W a K ASHAP P 2/ @ik, xHREREAT
HEF . DLBABAAAY b 1 S TN PR 3K

4 LR

AHEFEAE FIMIMIC TIL3EAT B4 $ BRI 7 36
iE. RUAMTAFEARI SIS R, TEERNL,
EMIMIC HIZ#EEAEH, AL Hicustay IDFEA
ME—FR I o BH AR A S i i £ T PR A B
XS IR AR R AR AR 1 ) . SRR
AL E 1900101 B3, HoA R AR AKTR) #4532
B, 2)1523.85%. {EXMEARLES, AT
W (bR UEZE[SD)) N64.15(15.96) %, Hh&tEN
8110%(42.68%). SAEAKIEEAMLL, AKIHHE
WPIR3S, Lotk (40.73% vs 43.29%) (K1)
MBI ERATR HAKLE L6 B ThRe 2=, A
BRI (GCS) N, HH AR RE . i
hRekEhg .

4.1 XGBoost t&#!

AW T, XGBoost&E13001%51(70%) ki
MLk £ 1 Bodl E AT I, HAR6000%H)
(30%) FH TR MK . 2 8 X GBoost 15 8 T4 22
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#* 4 MIMIC-IIHEE FWSHMT (UATAKIFUN) TEIEERIMEEEMELE
W 103k ML 5% FAF AUC
MohamadlouZs A B 48582 Gradient Boosting ICU patients 0.728-0.761
Zimmerman< A 0 23950 Logistic Regression ICU patients 0.78
Li% AP 16560 Knowledge-guided CNN ICU patients 0.779
Shawwa 2% A 0% 18529 Gradient Boosting ICU patients 0.656
Sun 2 A6 16558 Mixed-feature CNN ICU patients 0.83
ARILTT % 19001 XGBoost ICU patients 0.839
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