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[Abstract] Objective To develop a stage prediction model for sepsis-associated acute kidney
injury (SA-AKI) based on interpretable machine learning, thereby providing support for individualized clinical
intervention. Methods Adult patients with sepsis were selected from the Medical Information Mart for Intensive
Care-IV (MIMIC-IV) database and the el[CU-Collaborative Research Database (elCU-CRD). Intensive care unit (ICU)
admission was defined as time zero. Demographic data were extracted, along with clinical variables collected within
24 hours after ICU admission, including vital signs, laboratory parameters, organ function scores, and therapeutic
interventions. The occurrence of acute kidney injury (AKI) and its highest stage within 7 days after ICU admission

were used as the study outcomes. Data from the MIMIC-IV database were divided into training and internal validation
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sets in a 7 : 3 ratio, stratified by AKI stage, while data from elCU-CRD were used as the external validation set.
LASSO regression and multivariable ordinal Logistic regression were used to select features associated with SA-AKI
stage. Six machine learning models were developed, including eXtreme Gradient Boosting, Light Gradient Boosting
Machine (LightGBM), random forest, K-nearest neighbors, support vector machine, and logistic regression. The optimal
model was selected based on the area under the receiver operator characteristic curve (AUC), accuracy, Fl-score,
precision, specificity, and sensitivity. Calibration curve and decision curve analysis (DCA) were used to evaluate model
performance, and SHapley Additive exPlanations (SHAP) were used to interpret the optimal model. Results A total
of 7415 and 2 727 patients were included from the MIMIC-IV and eI[CU-CRD databases, respectively. Thirteen features
were selected using LASSO regression and multivariable ordinal Logistic regression, including 24-hour urine output [odds
ratio (OR)=0.183, 95% confidence interval (95%CI) was 0.168-0.200, P<0.001], body mass index (OR=2.016, 95%CI
was 1.887-2.155, P<0.001), invasive mechanical ventilation (OR=1.395, 95%CI was 1.315-1.478, P<0.001), congestive
heart failure (OR=1.405, 95%CI was 1.321-1.494, P<0.001), male (OR=1.088, 95%CI was 1.028-1.152, P=0.004),
mean serum potassium level (OR=1.109, 95%CI was 1.044-1.178, P<0.001), mean activated partial thromboplastin time
(OR=1.212, 95%CI was 1.141-1.288, P<0.001), maximum lactate level (OR=1.373, 95%CI was 1.282-1.470, P<0.001),
mean body temperature (OR=0.875, 95%CI was 0.823-0.930, P<0.001), minimum pulse oxygen saturation (OR=0.811,
95%CI was 0.763-0.862, P<0.001), diabetes mellitus (OR=1.131, 95%CI was 1.067-1.199, P<0.001), maximum total
bilirubin level (OR=1.345, 95%CI was 1.246-1.451, P<0.001), and vasoactive drug use (OR=1.160, 95%CI was 1.092—
1.233, P<0.001). Compared with other models, LightGBM was identified as the best-performing model, and its predicted
probabilities were well calibrated. The model achieved AUCs of 0.872 and 0.851 for predicting SA-AKI stage in the
internal and external validation sets. In the internal validation set, the AUCs for predicting non-AKI and AKI stages 1,
2 and 3 were 0.909, 0.837, 0.838, and 0.904, respectively, while the corresponding AUCs in the external validation
set were 0.837, 0.818, 0.815, and 0.937. The DCA results showed that the highest net benefit was achieved within a
threshold range of 0.1-0.8 for patients with non-AKI and AKI stage 2 and stage 3, and within a threshold range of 0.1-0.4
for patients with AKI stage 1. Differences in feature importance across SA-AKI stages were revealed by SHAP analysis.
The 24-hour urine output was ranked first in most stages, whereas invasive mechanical ventilation was identified as the
most important feature among non-AKI patients in the external validation set. Conclusion The LightGBM-based
model for predicting SA-AKI stages was successfully developed, and key features affecting each stage were identified
using SHAP, providing an interpretable tool for the clinical identification of different SA-AKI stages.
[Key words] Sepsis; Acute kidney injury; Staging; Machine learning; Light Gradient Boosting Machine
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AR 4k AKI(985 fi])
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BB (%)) 509(51.68)
BMI (kg/m*, M(Q,, Q,)] 26.19(23.66, 28.52)
B2 SCr (pmol/L, M(Q,, 05)) 88.40(61.88, 132.60)
SEELEHR (K min, M(Q,, Q) 89.60(77.38, 102:41)
sk
(mmHg, M(Qy, Q3)]
SR A (K /min, M(Qy, Q)] 19.36(17.00,22.23)
HfiK Sp0, (M(Q,, Q5)) 0.940(0.910, 0.960)
SEEARIRCC, M(Q,,0,)) 37.05(36.73,37.44)
A% GCS P4 (43, M(Q,, Q) 15.00(13.00, 15.00)

AKI 1 19 (1020 f)
66.81(55.43,77.03)
659 (64.61)
26.96(24.01, 30.19)
88.40(70.72, 123.76)
84.19(76.35, 94.05)

AKI 2 38 (3 086 f4i])
69.50(58.03, 80.07)

AKI 3 30 (2 324 f31])
68.11(56.20, 79.02)

it PE
H=258.922 <0.001

1891(61.28) 1273(54.78) Y’=57.597 <0.001
28.52(2532,32.82)  29.54(25.83,34.38)  H=403.474 <0.001
88.40(70.72, 123.76)  150.28(88.40, 265.20) H=905.680 <0.001
83.91(74.54,9641)  89.05(7635,102.04) H=103.972 <0.001

59.50(53.00, 66.00) 58.00(52.00, 63.00) 57.50(51.00, 63.00) 55.00(48.00,61.50)  H=143.467 <0.001

18.60(16.60,21.29)
0.930(0.910, 0.950)
36.87(36.61,37.21)
15.00(14.00, 15.00)

19.40(16.96,22.41)
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20.46(17.56, 23.89

) H=130.555 <0.001
0.920(0.880, 0.940)
)

H=150.298 <0.001
36.93(36.66,37.32)  36.79(36.49,37.15)  H=210.243 <0.001
1500(13.00,15.00)  15.00(13.00,15.00)  H=7318  0.062
K SCr (pmol/L, M(Q,, 05)) 79.56(61.88,123.76)  88.40(70.72,132.60)  97.24(70.72,132.60) 194.48(114.92,327.08) H=1 525250 <0.001
TR EH (mmol/L, M(Q,, 05)] 5.35(3.57,10.11) 6.28(4.64,10.35) 7.38(5.18, 11.25) 11.89(7.85,18.92)  H=957.498 <0.001
SE A ( mmol/L, M(Q,, 05)] 139.00(136.00, 142.00) 139.00(137.00, 141.27) 139.00(136.50, 141.50) 138.00(135.00, 141.27) H=64.641 <0.001
SRR [ mmol/L, M(Q,, 05)] 3.93(3.62,4.25) 420(3.90,4.53) 4.10(3.80, 4.50) 430(3.90,4.82) H=316.022 <0.001
SERI4S ( mmol/L, M(Q,, 5)]) 2.00(1.89,2.12) 2.04(1.96,2.14) 2.05(1.95,2.15) 2.02(1.91,2.15) H=53.850 <0.001
K TBil (umol/L, M(Q,, 05)) 16.60(8.55,28.54) 23.94(12.58,3420)  18.81(10.26,31.75)  21.04(10.26,46.60) H=114.418 <0.001
SR AST (UL, M(Q,, 05)) 57.66(32.00, 103.85) -~ 69.02(44.09,117.63)  63.52(34.00, 114.00)  83.00(39.00,232.78) H=144357 <0.001
SERIMAEA (oL, M(Q,,05)) ~ 105.00(92.00, 119.50) 102.50(91.73, 116.75) . 106.00(92.00, 121.00) 100.11(87.00, 116.50) H=79.073 <0.001
LRI A (s, M(Q,, Q5)) 13.70(12.40,15.70) 14.40(13.20,16.05)  14.30(12:80,16.50)  16.10(13.50,21.20)  H=390.418 <0.001
SEHAPTT (s, M(0,,Q5)) 30.05(26.65,35.06)  3220(28.15,38.21)  31.54(27.80,39.10)  35.73(29.88,48.33)  H=337.703 <0.001
A HCO, (mmol/L, M(Q,,05)]  21.00(18.00,24.00)  22.00(20.00,24.00)  22.00(19.00,24.00)  19.00(15.75,22.00)  H=510.834 <0.001
RFLAR [ mmol/L, M(Q,, 0,)) 2.16(1.50,3.10) 2.48(1.70,3.70) 2.30(1.60,3.20) 2.81(1.80,5.30) H=249.297 <0.001
SOFA 143 (#E1f, 73, M(Q,, 05))  0.00(0.00, 0.00) 0.00(0.00, 1.00) 0.00(0.00, 0.00) 0.00(0.00, 1.00) H=88.389 <0.001
SOFA #F43 (D, 43, M(Qy, Q5)) 0.00(0.00, 1.00) 1.00(0.00, 1.00) 1.00(0.00, 1.00) 1.00(0.00, 3.00) H=112.063 <0.001
SOFA PE4» [#hZt, 43, M(Q,,Q5))  0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.00(0.00, 0.00) H=9.139  0.028

24 h R (mL, M(Q,, Q)] 2520.00 2225.00 1 356.00 550.00
(1880.00,3550.00)  (1715.00,2991.25)  (1011.50, 1 828.75) (240.75, 982.00)

1.46(0.83,2.38) 0.94(0.45, 1.66) 0.65(0.37, 1.08) 0.25(0.05,0.58)

H=3270.164 <0.001

6h i (mL kg' b, M(Q,, 03] H=1603.500 <0.001

MAETEELG PR (61(%)) 277(28.12) 313(30.69) 1071(34.71) 1193(51.33) X =251.569 <0.001
A RHUAGE S (%)) 567(57.56) 770(75.49) 2386(77.32) 1838(79.09) x=189.379 <0.001
B MR (1 (%)) 489(49.64) 516(50.59) 1577(51.10) 1408 (60.59) X =63.163 <0.001
FElAEC Ty (] (%)) 138(14.01) 295(28.92) 1185(38.40) 943(40.58) X '=255.647 <0.001
5 il (51 (%)) 180(18.27) 240(23.53) 938(30.40) 671(28.87) x=65422 <0.001
JiF (41 (%) 147(14.92) 125(12.25) 444(14.39) 692(29.78) X =258.927 <0.001
W (51 (%)) 205(20.81) 272(26.67) 1074(34.80) 902(38.81) x’=124547 <0.001

T - MIMIC-IV Sk 5 [ F A Wa AP B 240 BB R IV, SA-AKT by R34 AR 5 2Pk B B 03, AKT S bk B8 05, BMI Rt 46 4k, SCr i
135 WUEF, SpO, A MR AEE , GCS A Hi it af Bk 175y, TBil N BARLIE, AST N RA SRR 28, APTT ST Ak /5 i 7% Bt a]
SOFA AP Bt B =43 ; | mmHg=0.133 kPa
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%= 2 eICU-CRD #i#EEE

FARE SA-AKI AR E R LR HILR

* 739 -

ARt 4k AKI(1 062 f3) AKI 13 (215 1) AKI 2 18 (903 ) AKI3 #1(547 f51)  SeilifE  PME

AR (%, M(0,,05)) 65(53.00, 76.00) 65(55.00,79.00) 69(57.00, 79.00) 70(59.00,81.00)  H=40.194 <0.001
Stk (%)) 480(45.20) 132(61.40) 525(58.14) 291(53.20) X =41.123 <0.001
BMI (kg/m®, M(0,,Q5)) 25.80(22.10,30.10)  26.50(22.70,31.00)  27.40(23.20,33.90)  28.60(23.90,35.85) H=73.548 <0.001
FZ SCr (pmol/L, M(Q,, 05)) 84.86(61.00, 126.41)  91.05(64.97,133.04) 97.24(67.63,147.63) 124.64(83.10,217.46) H=144.130 <0.001
SR (UK /min, v £s) 93.32+16.96 92.16+15.98 91.67+17.30 92.85+18.73 F=1533 0204
IR S [ mmHg, M(Q,,05)]  56.00(50.00,60.00)  56.00(49.25,60.00)  56.00(50.00,63.00)  54.50(48.00,60.00) H=3258 0354
SEIRIATAR (UK /min, M(Q,, ;)] 20.61(17.97,24.57)  2052(17.45,2433)  20.81(17.58,24.72)  20.88(17.75,25.14)  H=0349  0.951
A% Sp0, (M(Q,, Q3)) 0.890(0.830,0.930)  0.890(0.835,0.925)  0.890(0.820,0.920)  0.880(0.800,0.930)  H=7.147  0.067
SEEASR (¢, M(Qy, 05)) 37.26(37.08,37.46)  37.17(36.96,37.36)  37.23(37.01,3743)  37.18(36.97,37.40) H=30.219 <0.001
Ak GCS W4 (43, M(Q,, Q) 14.00(10.00,15.00)  14.00(9.00, 15.00) 14.00(10.00,15.00)  14.00(10.00,1500)  H=2.177  0.537
K SCr (umol/L, M(Q,, Qy)] 80.28(64.53,130.83)  97.24(70.72, 131.94) 101.22(71.60, 150.28) 132.60(88.40,215.48) H=146.228 <0.001
SRR Z A (mmol/L, M(Q,, 05)] 7.32(4.69,12.14) 7.68(5.35,11.78) 8.75(5.71,13.21) 10.71(6.78,1691)  H=102.131 <0.001
SR I ( mmol/L, M(Q,, 05)) 138.50(135.00, 142.00) 138.50(135.25, 141.00) 138.00(134.71, 141.00) 138.00(134.00, 141.00) H=13.334  0.004
TR [ mmol/L, M(Q,, 05)) 3.85(3.53,4.20) 4.20(3.90,4.50) 4.00(3.63,4.40) 4.05(3.70, 4.54) H=88.147 <0.001
SRS [ mmol/L, M(Q,, 5)) 1.99(1.82,2.15) 2.02(1.85,2.18) 2.02(1.88,2.16) 2.05(1.90,2.19) H=14956  0.002
R TBil [ pmol/L, M(Q,, Q5)) 13.68(8.55,21.56) 18.64(11.39,26.64)  1539(1026,23.94)  16.97(10.26,25.65) H=47.445 <0.001
-2 AST (UL, M(Q,, 05)) 33.00(20.00, 61.00). ~44.00(25.00,84.00)  33.00(20.00, 68.00)  34.00(22.00,83.00) H=13.849  0.003
FEIMLEA (gL, M(Qy, Q) 107.00(91.00, 123.00)  108.25(92.05, 125.38). 108.50(92.00, 123.50) 105.00(90.00, 120.00) H=3.761  0.288
AR EER (s, M(0,,0,)) ~ 2400(18.33,33.00) 28.00(20.02,36.07) 24.48(18.08,32.37).  24.87(19.40,33.00) H=8099  0.044
X APTT (s, M(Q,, 05)) 36.04(32.88,40.46)  36.61(3431,4041) = 36.26(33.00,40.04) = 36.69(33.33,41.16) H=7.166  0.067
M HCO;™ (mmol/L, x £5) 21394538 21.29+5.18 22.12+5.17 20.71+5.54 F=8004 <0.001
T RFLAR [ mmol/L, M(Q,, 05)) 2.20(1.50,2.90) 2.41(1.70,3.00) 230(1.60,3.00) 2.53(1.86,3.40) H=41851 <0.001
SOFA ¥4y (&1L, 53, M(Q,, 05)) 0.00(0.00, 1.00) 0.00(0.00, 1.00) 0.00(0.00,1.00) 0.00(0.00, 1.00) H=0.800 0.849
SOFA PF4 (O, 4, M(Q,, Q5))  0.00(0.00, 1.00) 0.00(0.00, 1.00) 0.00(0.00, 1.00) 0.00(0.00, 1.00) H=9.045  0.029
SOFA 174 (M2, 43, M (Q,, Q5)) 1.00(0.00, 2.00) 1.00(0.00, 3.00) 1.00(0.00, 2.00) 1.00(0.00, 2.00) H=3.032 0.387

24 h k& (mL, M(Q,, Q3))

1609.88

1 880.00

1 120.00

335.00

(1275.00, 2 492.75) H=1248.052 <0.001

1.44(0.95,2.32)

(1500.00, 2 487.50)
0.00(0.00, 0.24)

(855.00,1513.50)
0.00(0.00, 0.20)

(150.00, 550.00)

6h IR (mL kg b, M(Q,,0,)) 0.00(0.00,0.10)  H=1425.843 <0.001

AL (6] (%)) 241(22.69) 60(27.91) 229(25.36) 165(30.16) x’=11338 0010
AW (%)) 506(47.65) 139(64.65) 552(61.13) 306(55.94) X =45.208 <0.001
'v%‘aféﬁ%“’i%ﬁmuﬁl (%)) 310(29.19) 66(30.70) 277(30.68) 158(28.88) x’=0818  0.845
M Iy (] (%)) 83(7.82) 17(7.91) 141(15.61) 55(10.05) X =33.574 <0.001
&R (] (%)) 136 (12.81) 21(9.77) 114(12.62) 51(9.32) x’=5696  0.127
JiF (41 (%)) 25(2.35) 7(3.26) 36(3.99) 22(4.02) x’=5207  0.157
Wi (11 (%)) 137(12.90) 23(10.70) 169(18.72) 86(15.72) x’=16495 <0.001

1 : eICU-CRD 4 elCU PMENFIEEE A, SA-AKT R BRBEAE AR DG 2 B 200, AKT S 2k B 40, BMI R4 4845, SCr A I LT,
SpO, R Bk EHIFIEE , GCS AR R EF Sk F47 , TBil S RIRLIER , AST i RA MR 2, APTT R AL/ 5E L 1% B (8], SOFA R)¥
BB S IEY 5 1 mmHg=0.133 kPa

KAV A2 A ANIMGES A I s e ) 5 |
B I B B AP I 1S M 25 0 34 5 SA-AKIT 4
T U B AR DG, s fa B R R . A3t f
13 A8 5 SA-AKI 43 W i G B 4 127 5 X
(¥ P<0.05; % 3),

2.3 BERIR S B UE < R 05 Y 13 N RRAE A
A 6 FRHLES A MR [ 2 @R, FE N IESE A Ak
ERYRIEAE Y, LightGBM BEHY 1 255 R IR A, S 1
I SA-AKI 738 () B AR . 78 N PR 0 IR A AR
BEEE, LightGBM A7) AUC 43512k 0.872, 0.851
(F4), 4T LichtGBM FLHIXF4 AKT 434111
TR ST, K 3 W, FE N ERER uESE X EE AKT K
AKI 1.2 3HHAY AUC 4354 0.909 ., 0.837 . 0.838

F1.0.904, 7E F1 &8 56 3 4 H XF 2% 23 3 5000 9 AUC
4% %1k 0.837. 0818 0.815 F1 0.937. ¢ it 4k i
7, LightGBM BERINT 4% SA-AKI 4339 A T #E K 5
SEPRAE R A R — 2otk (K 4). DCA s, X
THE AKT S AKI 2 BRI 3 B8 3 iR 7E 0.1 ~ 0.8
(%) 5 L DX ] PR i 25 Y O T A T & AR i 4
T A S A SR s X T AKT 1R B RLTE
0.1 ~ 0.4 114 B {ELX ] P30 350 s () dflie 2 (181 5)e

2.4 JET SHAP (1Y LightGBM ML %8 27 > Ak A fift B¢
Kl 6 7, 78 P 3 Uk 4R 5 A Ik 4E K TR
SA-AKI M ERAE B B HE P AT E—E 22 5%, 24 h
PRuEAE 280 A A 90 B 67, (R AR SN B e AR A
SA-AKI B H A BIHUGE < B HEA 5
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0.55 .
15 16 16 0 '
’ ' ! ' 0.50 - : I
| A=55.908 1 : g
1.0} - 0.45 - : s
B 0.0 : = 0407 5 s
I i = 35l 2=55.9081 ! S
= of — ij =021 | &
-0.5rF ; 0.25 et E
,1'0 L 1 1 : 1 1 J 0'20 1 1 : 1
2 0 1 2 3 4 -1 0 1 2 3
log (1) @ log (2)

TE : SA-AKI A IREEAE AH G 2L B 1403 5 Tk B B0 I e/ NS SUIRIEDR2E M 19 N A, TEI% N (B ROfE T 16 DMRFEAS 38 UIRIELR 22 A 0.276
B 1 LASSO [IFFfFEsZmR SA-AKT A /IR RHEAR i 1A 34 MRS REREAET 280 N BRI RBIRAiIRE 1B SRR 22
B N AR AL

Fz 3 N SA-AKI EESHNEFSEZZELRASH

A B 5. xMH ORfE  95%CI Pl || AR B s x'MH ORfH  95%CI P
24 h JR4E ~1.696 0.044 1479.546 0.183 0.168~0.200 <0.001 || AH#R 0317 0.035 83235 1373 1.282~1470 <0.001
BMI 0.701 0.034  427.056 2.016 1.887~2.155 <0.001 || kiR -0.134 0.031 18502 0.875 0.823~0.930 <0.001
FRHMGES 0333 0030 124430 1395 1.315~1478 <0.001 || A& Spo, -0.2100.031 45.192 0.811 0.763~0.862 <0.001
etk RS 0340 0.031  117.585 1.405 1.321~1.494 <0.001 | |45 R%5 0.123 0.030 17.288 1.131 1.067~1.199 <0.001
G 0.054 0.033 2733 1.056 0.990~1.126  0.098 || A TBil 0296 0.039 57.995 1345 1.246~1451 <0.001
LERis 0.085 0.029 8438 1.088 1.028~1.152  0.004 | & FH3kE  0.005 0.030  0.026 1.005 0.947~1.067  0.871
St i 0.103 0.031 11202 1.109 1.044~1.178 <0.001 || 545 0.023 0.031 0571 1.024 0.964~1.087 0450
S35 APTT 0.192 0.031  39.203 1.212 1.141~1.288 <0.001 || MAFFELELGYMH 0.149 0.031 23.164 1.160 1.092~1.233  <0.001

1 SA-AKT M MeARIEAN G 20ME B 1403, BMT AT FR4L, APTT il B /58 M 15 Rt 6], SpO, oA BRI AR AN, TBil A BHLT 2,
OR FEHLL, 95%CT 1 95% &5 X Ji]

B g AUC

—8— XGBoost
—&- LightGBM
—— RF

—— KNN

- SVN

—— LR

—8— XGBoost
—&- LightGBM
—4— RF

-4 KNN

—o— SVN

—— LR

e B HIATES %

0 RN FLor % e it Fl5y%
T : XCBoost WAL FRBEEEARETE, LightGBM g2 0B HE T, RE I BEHLARMR , KNN g K-fT 48, SVM S SCHR bl , LR B )
SA-AKI R HRFFIEAH C 2 B 0, AUC R3zil8 TARFRIE M2 T iR 5 B 2 26 1 PR R SR s A R T 4 g et
2 TENHREAIESE (A) FIAMBEIESE (B) F 6 FRLaRA: I BRI SA-AKT B3 AR R 30 B i 25 & 30

R4 6 FhHEEF SRR NSRS IEEFASPERISE £ _E 3T SA-AKI 35 2 HApIFll &g

TR LIRS SMERBIESE

AUC  fERRR FLOMMC RSERR RRRE R AUC  MERRR FLOMEC RIBRR $eRE RURE
XGBoost 0871  0.658  0.663 0669 0880  0.658 0.849 0672 0665 0670 0875  0.672
LightGBM 0872 0662 0666 0671 0880  0.662 0851 0679 0666 0673 0876  0.679
RF 0809 0544 0536 0553 0842 0544 0817  0.646 0619 0602 0862  0.646
KNN 0754 0530 0536 0544 0832 0530 0.680 0478 0447 0463 0799 0478
SVM 0843 0637 0636 0635 0870  0.637 0780 0612 058 0572 0851 0612
LR 0830 0602 0603 0610 0861  0.602 0.803  0.646 0611  0.600 0863  0.646

1+ XGBoost A BREAEEHRETE, LightGBM A2 AR R T, RF HBEHLAM, KNN Ry K-5IT4B, SVM b2 EEmmil, LR i mH,
SA-AKI A ERIEARSE 2k B 005, AUC 32l TARRRIERRZE F A, F1 A0 RS0 SR s A R R -4 (1
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1.00 1.00
0.80 0.80
0.60 0.60
i o
& &
0.40 0.40
— 4EAKI (AUC=0.909) — 4EAKI (AUC=0.837)
— AKI 1] (AUC=0.837) — AKI 1] (AUC=0.818)
0.20 — AKI2}f (AUC=0.838) 0.20 — AKI2Hf (AUC=0.815)
— AKI3] (AUC=0.904) — AKI3H (AUC=0.937)
— 5% — 5%
1 1 1 1 J 1 1 1 1 J
0 0.20  0.40 0.60  0.80 1.00 0 0.20  0.40 0.60 0.80 1.00
150 6 1= 5

¥ @ LightGBM 2 GO BEFETIHL, SA-AKT R IEFFAEMI G S b B 101003, AKT S 2t B 405, AUC 323l TARRAE I 26 T i A1
3 TEERIRIESE (A) FIFMERIRIESE (B) HP LightGBM AT SA-AKI J 4 AR RIS 323805 TAERAEhZE

1.0 r o JEAKITMI 2 1.0 o JEAKIFMIMLE
—B- AKT U5 i 2% = AKT YT h 2%
0.8 | —a— AKI M1 th 2% 0.8 1 —a— AKI 2T h £%
—o— AKI 3T h £k —o— AKT 3T Hh £%
#0.6 --- PR # 0.6 --- HAEHZ
= =
& L&
X 0.4 X 0.4
0.2 0.2
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
B3 @ B
¥ : LightGBM it b HER T, SA-AKT I BRFEREAH G 2 547 . AKI 2k B 54
4 TENTREIEAE (A) FAMRIIESE (B) o LightGBM BEALFIN SA-AKI R 5 6433 0o ke v 28
0.14r  — 4EAKI 0.14 - — AKIIH] 0.5r0 + — AKI2H] 0.35r —— AKI3H]
0.12 — A ERTRIN & A 0.12 — AT & A 0.4 — IR A 0.30 — SRk A
O10°N — pmmimskgt  QIOPN — 2umkkd: || s — kg 020\ — LR
8 0.08 @ 0.08 F e @ 0.20F
= 0.06 = 0.06 = 0.2 = 0.15F
& 0.04F & 0.04F & 0.1k & 0.10 -
0.02 0.02 | ; 0.05
O O ' o
_0.02 1 L 1 1 J _0.02 Il Il 1 1 J _0.1 1 1 1 1 J _0.05 1 L 1 1 J
0 0.2 0.4 0.6 0.8 1. 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
ks 6 k=GB ik GO mig= 6D
0.4 — JEAKI 0.08 — AKI 1 0.35 «—— AKI2H] 0.25F — AKI3H
0.3 L N\ & E % 0060 T AxEEIR A 030\ "— A% & 0.20f  — AHEHIMLE
eSS ES L — AN % 0250 \— &MFARLE (5 HETIA % 2
E 0.2+ E0.04 g 0.20F E O
= = 2 0.15F =2 0.10F
& 0.1f & 0.02 & 0.10 | £ o5k
0.05 F
X \ il O R
_0.1 1 1 1 1 J _0.02 1 1 1 1 J _0.05 1 1 1 1 J _0.05 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1. 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.
i GB) migms  CD w60 mimx 6D

HE : LightGBM Ay BB HETHL, SA-AKL IR I Stk B | AKL kB0, DCA AR e s
B 5 {ENEEAIESE (A ~ D) FIZMNEEAIES (E ~ H) 7 Light GBM BEIF SA-AKT £ A [F 4040119 DCA i<k
33 i BRE T R AKT, TR R F LA 33075
AL TCU HH & AKT R AN B AR, AR RISMUIRY SA-AKT ZER BHLAH] | i6)7 96k 5
FIMRERE KRB AL 2% EL 1% & B, SA-AKT 5 FURH A B B2 IR M, AKI %
FHRIER B TR SA-AKL AR . HETIRR 205 BUR B UIMISE, S0 I01R s A0 58 3 X B R R
BT SA-AKT R BRIMBLR 22 0 /0 BEM (GHE ISP AT R BAET- KU s Ah, 1448 SA-AKIT
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24 hJR &k 24 hJR i 24 hJR i

Aol *JLWJE’% S35 1 FE MO T BMI

K TBil B PRI e K FLIR

Fe i Iﬂ::uﬁﬁl% BMI el FEJAPTT

1l SEE AR BMI K TBil

T’-i@m%ﬁi FEMEC jJﬁl% IMAEEE A2

HfIESpO, SR AP A Lk HfIESpO,

FHJAPTT f ﬁ" *Mﬂu_w I K FLITR g2l ?F

TR EETEZ PR IiIRENOIE T3

e R TBIl e K7L 5 fILSpO, ﬁ el *Mi&l_’%

BRI HAKSpO, - Eg A SRR

R FLIR HE b5 K TBIl e DR Ivs

I 258 el SEHAPTT 5
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0 0 1 2

SHAPE({EAKI) @ SHAP{H(AKT 1) SHAP{E(AKI 234]) @ SHAP{E(AKI3H]) @

A BIHLRGE < 24 hjj 24 h»‘ig 24 hjp &
24 hjp P I PE5I BMI
BMI R KTBIl FEMLPEC ijnE. B fIESpO,
P BMI [ RLE
FE ML ) 3k RRILI *Eﬁ'c?ﬁ MG EZ 8
SEH I TAAPTT MG P 25 SEHAPTT
Tt'JAPTT FEMLPEC HE 8 A QKA FEMPEC )8
& {KSpO, A7 G LAGE T fRFLER %"er
SEE IR K FLIR HAKSpO, I KTB
B RTBIL Ifi 871 2454 1 1 A ﬁumm%
I K LR 1AIESPO, He R TBIl FEI IR
o WP Bl b Rk *ﬁ?ﬁ'd“
g EEZ P EHAPTT TS
0 0.250.500.75 0 0.5 1.0 0 0.5 1.0 0 1 2

SHAP(HEAKT) GE) SHAPJE(AKI 11 6F) SHAP(E(AKI2) 6O SHAP{E(AKI3H) 6D
7+ LightGBM R Zebh R THHL, SA-AKT IR EEAEAHSC 2k B 45405, AKL g 2R B 45405, SHAP {E V-5 R A s 4a SHE , BMI ik
JEARAEEL, SpO, N kI AR AL , APTT S35 Ak /BRI 3% RS 18], TBil Jy s HLT
B 6 LightGBM MR/ PYFSEAIELE (A ~ D) FIZNHBIGIESE (F ~ H) SA-AKL 235 AR 45017 45 fE 16 2 1 SHAP fi B 2]

TN AS TR 22 JL 3 B [ 5 S 2 M O vk M DA Rl
P A5 BSR4 2 2 AR 2t SC R FUAH B A A, Tl
PERESZBRY 0 ML T, B TALAS 3 S 9 07 kAR
TR AR LA BE T, BE M B TRz B H
A 525 R 2 W 56 22, BRINPERETE 471, M,
AT I T KDIGO A, I FHBIL A% 27 ) 7 ik 44 4t
SA-AKILZH SRS, S A T e S R
AW 5T 3 F MIMIC-IV 1 eICU=CRD P K &
iE 5 A RO B, M 78 F LB 6 R AL 2% 5% ) AR AL %)
SA-AKI 73 B Fi M e o 4558 WK, LightGBM #52
RITE AUC, HERRR | FL 4080 R % e 5 St
JEEE SR bR DI T AR S A R IR A, 45
HRcHEMZE S DCA 4551, LightGBM BRI B A 1 4f
F14) I 5 P R v A I PRI £ - LightGBML A
SRy — b B TR B SR B AR R 3 sk
PEACFNE 7 AR AR B S AL , 75 B )N sk B
{14 [R) B AT DR MR A A A o P 32 1 9
e 550 T KUK T S I 5T U0 Deng %510 3
TFHILAN 27 2 J7 b 5 o PR T S 7Yk B
LightGBM B 7RI ZRAE RIS UELE () AUC 5350 R
0.81 1 0.83, WAL, FEW s> S THLAR
> SRR O IR 5 SR B N AR T XSS SRR A
25 R LightGBM 1) AUC i 0.834, R ILEAL .
SR, LightGBM 1k — Fp “HAAE” HIAY, Ho g

o B il = 37 B BT A s A AR Y B £
1RE S 2, Wik, BB 5] A SHAP J7 ik X}
LightGBM &7 it 15 1] ff BEPE 3T, B AL T 45 fE RS A
FXF SA-AKT Z3 HATIM () Tk . 45 BoR, 24 h
PR BMI St K FL TR (A 2 SA-AKT 3 B AZ 00 45
Tk AASE B, I A e A% i rp [R] i 4 A
7T 24 h KA 6 h K& (A TE SR LR I e i A v
IUPRER TR HIFHAET, 24 h JREE 6 h JR &
TTRE AR S e HR 3 A TCU 24 h PN AR B HE IR
A AR KT B B R T g, AHELZ R, 6 h
PR TG 32 B il 8 1250 ) AR R S
JR PRGN A5 R R g, e, 2 — %HWP@
NFFAEGRIERT, 24 h bR G ZR 3 H 558 14 37 T 0 Ak
JO7, T 6 h bR T DTk 0 7 — e R AR
I AR BEAILI SR, PR AR DA B e El’a
TS b, HAE FE B B T S A I AR
— 32 TR R FLRR [ E B T }iﬂﬂ%Téﬁ
SUE A RN ™ E AR PR R rh BE TR AKT 0] 1 508
PEROVER 1520 Ak, 24 h JREEFT BMI 7645
Sy B F B BUMAE T, 878 TRERES SA-AKIT
B Z B N TEB R A S & T8, & BML 5
SA-AKI {47 5 Fi B f 6, 5 AC BF 9 405 SR — 5L
PR A 6 E A Y SA-AKT 4339485 i HE 42 v 1 — 3,
WESE LightGBM AU FEA R K HoAT R A7 72 1k
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e AITIA LB, A BIHLGE S AEAE AKL AR H
DUHREE R, ARAE AKT 3 AR v £ s 55 , 48 7 IR
W T 0 T B8 7 i B 100 B 483473 vh & #E S A
Ma 452 T | MR AR R A 475 ] 388 (R SR L
PR BB TR IMRE S I 38 80 1 2 AR AL B AIC B /N Bk g it 5
HRIMUAE ST & 10 G RE N SR 2 AR S Ry 2%
TE B D RERERS . M FLER 5 TBil 78 HAE By B i 8
B B, RO T T B — 2R E B ) 2 A E )
REREAT S (% . 25 1, LightGBM BB AERS
A RN SA-AKT A [R] 3 HH B R AE 224k, B4 R4
PRI DR AT it s

AW 5T B A FAE F 3 F KDIGO bty 1
SA-AKI 73 FA TN AR | BE A HER X 4 SA-AKT 4™
FRLRE, [, ¥ LishtGBM A% 5 SHAP J7 1 4%
A E AR IE 22 57 835 1Y MIMIC-1V 5 eICU-GRD
B R TR, A AR T TR AR 1 S
R TR R . R0, A A7 — 2 R, o
J6, 2 P 1A TR PR BRI, 588 0 B 46
A= WIbR W AR BEAN AR, T BE R ) X6 LB B 45 4
FITTEIGE o LU AR EUE 35 A ICU 24 h [N 5%
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