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HABEGICT- R HEIN o Jiik 9 MIMIC T8 % 18 094 i ICU :Be iR & K BB 4 (n =
18 094) BEHLI J I ZREE (n =12 666,70% ) FIIMIXEE (n=5 428,30% ) . T Python V-5 R FI Sl
HLOSVM) 22 2] 5535, FI T LASSO HFAEREFEAS SR, gy WO JAE i 47 2 S0 8 A Be Ja SE TR B il . -l
FHIASE A TR AL . 858 25T SVM REMEE ICU 838 ABe)n 24 h #1148 h LT RFIMALTY Y
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Prediction of in-hospital mortality risk in intensive care unit with support vector

machine
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[ Abstract | Objective  To explore the application of support vector machine (SVM) in predicting
the mortality risk after intensive care unit (ICU) admission. Methods A total of 18 094 ICU inpatients from
MIMIC I dataset were enrolled in the study. The total data set (n =18 094) was randomly divided into
training data set (n=12 666, 70% ) and test data set (n=5 428, 30% ). Based on the Python, the machine
learning algorithm, SVM, was used to establish a prediction model of the mortality risk after ICU admission
with the results of LASSO feature selection. The efficacy of model was evaluated using the test data set.
Results The areas under the receiver operating characteristic ( AUCROC) curves of the SVM-based model
for predicting the mortality risk in 24 h and 48 h after ICU admission were 0. 805 1 (0.793 6~0.816 6) and
0.811 7 (0.799 9~0. 824) , with sensitivities of 0. 751 3 and 0. 737 2, and specificities of 0. 713 0 and
0.742 9, respectively. Conclusion  The SVM-based model for predicting the mortality risk after ICU
admission has a satisfactory result and high accuracy.
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risk ; intensive care unit
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AR E B E G R, 2 EREE N
6.7% ~44. 0% . B WiAP HEAR BT 311 % S
STV, B A IR SRS 2 S 4 v 0
PRI A=A LA E S M i 5 B BT 7 58 (B,
TCRK B BSR4 23 A TAE AR 1 3RE , JCHOZ X T
it B NI VAR R i PR DR SR TCU BE A . I 4Fok, A
T RERE T2 N T B YT SR A A, 1 S H N 4 3
AP 2% 2 ( machine learning, ML) 7E 425 4l . A0 B B I
BRI BA RS L ARFT I A SR 12 4
(853 S-SR I BRI i, A T 0 M 4 = R
FHCT-RAYRIY YRR SVM B RLTE U B H A0 TR 5
AT PR AT AT, S DR B A SR O vk

1 ARSHE

L1 —f%H

ABIEFE T ICU A5 ST 38 0 R 7 $icdli ok
AT 2 BB RO R P O MIMIC T, FLA53)
T DU DA 5 gl B A v (O L, B BRI FE N ) AN
JRE B2 Be (UM, B i ZE M) oF & 22 0L s it
o TIZIE AN s R4 B, 5 ELRRGR T A 32
PP E AT BB S BRERT . Xl
it B AT H 418 53 (BREESC, AIE 5 : 28341490 ) LA
B4 4 A 9 LM PhysioNet ( https ;://www. physionet.
org/ ) AHL, TE DU DL 51 il B B2 27 v A 61 532 i
ICU AR R il s , A4 I AR 10 5% AR BRI | S5 50 2 )
A LB UE (B R o HEBRARIE: (1) 29K 1CU
FEBE B 5 (2) 6] — R A BeAE AN [R] ICU B0 B3 (X))
Z AR (3) 4RI /N T 16 X Ry (4) BIK
ICU fE B (] SRR B0 T 48 h (Y5 (5) fW] 48 h
WA S A R . Sk 18 094 143 191 B 4 A B

S
1.2 Fik
12,1 @Rgefedatr JOTEP IR R W &

SR Y, I HRBAE AT RS W o IR S FIE T7 R 1Y
A, ARG 29 MER: R (ALB) s B N 2
(ALT) ;4 HL 5% 2 i (AST) 5 IR R A (BUN) 5 #7555
(Calcium) ; IfiL JLAT ( Cre ) 5 454 ; £33 5 &F 5K 5 (DBP ) 5
MR R B 2k 45 £ (GCS) 5 1B ( Glucose) ; Il £1. 25 H
(Hb) ;.0# (HR) ; #1857~ (K) ; LR (Lac) ; - X Ifil &
(MBP) ; #85 1 (Na) ; gh ik IfL & 7 53 s (PaO, ) ; FR B
J& (pH) ; I/ AR (PLT ) 5 B0 450 32 (RR) 5 Wi 4 s
(SBP) ; Ifi S LA (SpO, ) 5 IMLTE S BZLER (TBIL) ; {4
W (T oM 4 3% k25 W) & 4l (WBC); A&
(Input) ; 45 (Output) o N 1 7R,

®1 W ICU BFERTEHNEETE

75 AP KAl
1 IS LGS
2 TE5 B AR
3 BN (ALT) TRV
4 ARG EG (AST) LA
5 ¥ SHET 2 (TBIL) TR R
6 IML£LEE 1 (Hb) HELE AR
7 & (ALB) LA
8 H 4 i (WBC) LAY
9 OF(HR) ELLTAR B
10 Wi (SBP) SRR
11 &7k H (DBP) LI
12 ¥ 1fi . (MBP) PSR AR G
13 IR A% (RR) LA
14 LT ( Cre ) LR
15 JRZE A (BUN) SRR
16 BEST(K) SRR
17 BT (Na) SRR
18 #5757 ( Calcium) TR
19 FLIER (Lac) TSRS
20 Bk 443 £ ( Pa02) LA
21 I/ (PLT) LTS
22 T4 ( Glucose ) S RIS
23 MR AF Bk f5 40 (GCS) RV
24 PR (pH) LRV
25 I 4R FIEE (SpO,) TR
26 AE(T) LA
27 [INERETNEATE /b LA
28 AZg (Input) TRV
29 th it (Output) PRV

1.2.2 BHEpisab s PEHCICU i35 ABi )G 24 h [
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AR PRI T 30% (1) 5 B Bl FS 2 s i — 4
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IARREARGERFAE , (045 S/ IMEL e KB PR
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IrER B e XTSRS SR ] Z-score
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TrEA TR A RO N O BRHIE
1.2.3 FAlfgE  Hlasss 2 W FAE Python “F- & i
17 ARG SRR AHL(SVM) Al 7 2 Bk BT avNNET
BRI ST ASBIFTE HE AE HA% BRSO B A I
SNV B 42 7] 35 4% PR 2 (radial basis function, RBF),
TEGREHEEE b A TSR , 6 20 25 k- 3 1)
AL, EAT I 27 2, 1 gridSearchCV (A% R ) J7
EBCE HSE, S5 R A I L4l R R E P24
A, TEMNRER bl U et 2 LA
E T A (AUC) KPP BRI B, Horh AUC 2 0.5~
0. 7 $&7n BUASCRE 22 , AUC 0. 7~0. 9 $7s TR AR
H&E, AUC KT 0.9 SR BALCRAE R 4o AR 25K
4 2 s,

x2 HESY
L] ZHIE

yyyy

rbf” # Specifies the kernel type to be used in the algorithm.

kernel =
SR # “rbf” is Gaussian kernel function.
(SVM)

gamma= “auto” # Kernel coefficient for ‘rbf’.

probability =True # Whether to enable probability estimates.

1.3 it a4

K SPSS 4, V. 19. 0(SPSS) #4748 it o0 #r o
FHEGORME AP AR 22 QES i 8 ) , s
gAY o AL EE (A 220 A 8o ) o 2H 1A He R
R KGE: | Fisher Y& 046 5 43 A 5 Kruskal-Wallis 656
B Ge i1 56 R AU, P<0. 05 25 %A Gt 75 X o

2 R

2.1 HIEEEHLER

EZR4E b, B H LASSO J7 3 A7 45 fiE 16 4, It
WFFE IR PRRFIE PR R B 0 RYRFAE, ICU A
BEJe 24 h AL B 28 LASSO FRAE pe R 45 SN F - 4F I |
M5 75 PE 2549 (min) { HR (min ) | HR (max ) , HR
(mean) | Input, Output , BUN ( max ) , CRE ( max ) , CRE
(min) PLT(min) \WBC(min) \WBC(max) .44 (min) .
B (max) B (min) | B (max) G55 (min) | 545
(max) , M BF ( min) | I B ( max ) , GCS ( min ) ., GCS
(max) & (min) /A& JE ( max ) | SpO, ( mean) . SpO,
(sd) \RR(min) \RR(max) ,RR(mean) \RR(sd) ,HR
(sd) . HR ( skew) . HR ( kurtosis ) , MBP ( min ) , MBP
(max) , MBP ( mean ) , MBP ( skew ) . MBP ( kurtosis ) .
SBP( min ) , SBP ( max ) , SBP ( mean) ,SBP (sd) . SBP
(skew) .SBP ( kurtosis ) , DBP ( min) , DBP ( max ) , DBP
(mean) \DBP (sd) DBP (kurtosis) M5/ () o FHE
FEOLE 3,

%3 LASSO $3fEi%IF4 R (24 h F148 h) K 2%

AL LR K 1(24 h)  FRAER%2(48 h)
AR () -0. 311890461 -0. 260920775
11 775 PE 254 (min)) 0. 022013778 0. 000000000
L4575 1254 ( max ) 0. 020018555 0. 000000000
HR (X/min, min) 0. 000592184 0. 000000000
HR(X/min, max) -0. 131436308 0. 000000000
HR (&X/min, mean) -0.305790319 -0.437301307
Input( mL) 0. 199078267 0. 001556049
Output (mL) 0.293176352 0. 17244461
BUN( mmol/L, max) -0. 419250973 -0. 354752174
CRE( pmol/L, max) 0. 112838756 0. 000000000
CRE( pmol/L, min) -0. 02954964 0. 000000000
PLT(x10°/L, min) 0. 181349174 0. 093412248
WBC(x10°/L, min) -0. 400745214 -0. 118388015
WBC(x10°/L, max) 0. 263089806 0. 000000000
4 ( mmol/L, min) 0. 140189404 0. 000000000
#( mmol/L, max) -0. 030054121 0. 000000000
4 (mmol/L, min) -0. 104121419 0. 000000000
£ (mmol/L, max) 0. 550396788 0. 00189837
J45 (mmol/L, min) 0.275121665 0.013218123
ST (mmol/L, max) -0. 279407356 0. 000000000
Ifi8% ( mmol/L, min) -0. 010323171 0. 000000000
K% ( mmol/L, max) 0. 09598638 0. 000000000
GCS(4¥, min) 0. 070907477 0. 000000000
GCS( 4y, max) 0. 638891103 0. 586906723
IR (C, min) 0.072113635 0. 000000000
A3 (°C, max) -0. 068838219 0. 000000000
Sp0,( mean) 0. 052258183 0.019237856
Sp0,(sd) -0. 136536145 -0. 170128386
RR(¥X/min, min) -0. 109759548 -0. 104344502
RR(¥&/min, max) 0. 237846572 0. 000000000
RR(¥X/min, mean) -1.387781738 0. 000000000
RR(¥%/min, sd) 1. 159364793 0. 000000000
HR(¥%/min, sd) 0. 097759445 0. 000000000
HR(¥X/min, skew) -0. 048380715 0. 000000000
HR (¥&X/min, kurtosis) 0. 014209807 0. 000000000
MBP ( mmHg, min) 0. 087382764 0. 058403545
MBP ( mmHg, max) 0. 124787189 0. 000000000
MBP ( mmHg, mean) -0. 104778493 0. 000000000
MBP ( mmHg, skew) -0. 058180861 -0. 001933974
MBP ( mmHg, kurtosis) -0. 019203849 -0.01351838
SBP( mmHg, min) -0. 036662051 0. 099738098
SBP ( mmHg, max) 8. 686793356 0. 000000000
SBP(mmHg, mean) 0. 616784409 0. 324417308
SBP ( mmHg, sd) ~1. 116427566 0. 000000000
SBP(mmHg, skew) 0. 004029112 0. 000000000
SBP(mmHg, kurtosis) -0. 04399849 -0.000151182
DBP ( mmHg, min) 0. 083669272 0. 02901975
DBP ( mmHg, max) -0. 061050134 0. 000000000
DBP ( mmHg, mean) 0. 011305656 0. 000000000
DBP(mmHg, sd) 0. 036467421 0. 000000000
DBP(mmHg, kurtosis) -0. 006147558 0. 000000000
PR (L) 0. 08182959 0. 000000000
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ICU & ABt)T 48 h I [H] Br4e LASSO HFIEIEFESS
RO 2) an7F : 4E#% . HR (mean ) | Input , Output , BUN
(max) PLT(min) ,WBC (min) £} ( max) . 445 (min) .
GCS(max) . SpO, ( mean ) , SpO, (sd) . RR ( min ) , MBP
(min) , MBP ( skew ) . MBP ( kurtosis ) . SBP ( min ) , SBP
(mean) .SBP (kurtosis) .DBP(min) . 4F{F RE0 0L 3,
2.2 FRMAREA T T RS

FF avNNET f4 % ICU B E ABE)5 24 h 1148 h
FET-RIMMAE R Model Averaged Neural Network (24 h/
48 h)  FEVIZREE AT RO 25 15 R I S8, Hax
. Z5044 )y size=35,decay =0, bag=FALSE, HAKCHS

W 4,
2.3 BAFRN 4 e
FEMNAEE 4R B eI PPN S ) S LS A X ICU
A ABEG AT R TN AEE 1. I LASSO FRAE %
oG Rl SVM HLa% 2 > 5wk, Wi ICU 3 A B
J&i 24 h FET- R YIGRERMIX S AUC 435104 0. 840 3
F10.805 1, U351y 81. 24% F1 75. 13% , 45 St
I3RS T4, 15% F1 71, 30%, P ICU % A B 5
48 h FET- A YIZRAE RIS AUC 43512 0. 828 5 Fil
0.811 7, fHUEAE 4 B K 77. 62% F1 73. 72% , 45 54y
Bk 74, 51%F0 74.29% .

x4 EHT avNNET #Z T l#EE! Model Averaged Neural Network

BRI

30000 samples. 52 predictor. 2 classes: ‘death’ , *survival’

No pre-processing

Resampling: Cross-Validated (10 fold, repeated 5 times)

Model Averaged Neural Network (24h)

Model Averaged Neural Network (48h)

Summary of sample sizes: 27000, 27000, 27000, 27000, 27000, 27000, ...

Resampling results across tuning parameters ;

size decay ROC Sens Spec
1 0e+00 0.7874672 0.7604546 0.6853384
1 le-04 0.7872330 0.7617315 0.6840291
1 le-01 0.7860469 0.7496879 0.6913961
3 0e+00 0.8138036 0.7735201 0.7122547
3 le—04 0.8134779 0.7750393 0.7114343
3 le-01 0.8123564 0.7682376 0.7128627
5 0e+00 0.8339853 0.7968283 0.7311423
5 le-04 0.8336183 0.7956315 0.7306396
5 le—01 0.8304377 0.7902683 0.7282723

Tuning parameter ‘ bag’ was held constant at a value of FALSE
ROC was used to select the optimal model using the largest value.

The final values used for the model were size=5, decay=0 and bag=FALSE.

30000 samples. 20 predictor. 2 classes: ‘death’ , survival’
No pre-processing
Resampling: Cross-Validated (10 fold, repeated 5 times)
Summary of sample sizes: 27000, 27000, 27000, 27001, 27000, 27000, ...

Resampling results across tuning parameters ;

size decay ROC Sens Spec

1 0e+00 0.8049484 0.7424960 0.7299916
1 le-=04 0.8048955 0.7437597 0.7277821
1 le-01 0.8047193 0.7421062 0.7297005
3 0e+00 0.8239650 0.7576045 0.7399113
3 le—04 0.8243924 0.7565425 0.7412605
3 le-=01 0.8253196 0.7564752 0.7420145
5 0e+00 0.8363139 0.7729548 0.7477283
5 le—04 0.8360588 0.7727395 0.7476621

5 le-=01 0.8344829 0.7707097 0.7470141
Tuning parameter ‘ bag’ was held constant at a value of FALSE.
ROC was used to select the optimal model using the largest value.

The final values used for the model were size =5, decay = 0 and bag = FALSE.
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x5 FREABEBEFRMERTN ICU NRERRT R AUC S H2%

NI S i) B A A AUC(95% T {5 X [f] ) T (%) Rk (%) HERIE (%) (95% T {5 IX 1))
EES
24 h 0. 840 3(0. 835 2-0.844 1) 81.24 74.15 77.66(0.771 9, 0.781 3)
48 h 0.828 5(0.823 1-0.832 2) 77. 62 74.51 76.05(0.755 7, 0.765 4)
ili=e S
24 h 0.805 1(0.793 6-0.816 6) 75.13 71.30 71.82(0.709, 0.727 2)
48 h 0.811 7(0.799 9-0.824) 73.72 74.29 74.21(0.733 3, 0.750 8)

7E A b, FIHT LASSO FRAE e 4% 45 51, @ i
SVM Hlak~r > B3k, il ICU S5 ARE )5 24 h H1 48 h
FET-AR, 2221 32 18 TARRHIE T 2 (ROC) A&l 1 7R

]

08— /
06—
= |

B L

mw 04

0.2

Ems—

24 h

48h
0_ L Il L L L I 1 1 I L L

0 0.2 0.4 0.6 0.8 1.0

1S

B 1 ETFSVMBREFIEEN ROC HZk

3 Wit

AWTFEARIE , AL W S MF AR B AU TR A, &
BRYGFEI 6. 7% ~44. 0% o eI R TAR T, B A= P
il R, AT 0 P DR G P i 2 1 5 BB B A
KA AR A RIE R A 3, AR B R, JEHE X
T ICU & 1w, R nl & 7 DRGE I 1 VE A i
T DR AR AT DR SR, AT B SR BCROR R 2 . H AT
1CU ZR VI RGEREAT AU T AN, 25 REA I % 0L

EARE L TSR , (i PEAL D7 ik T4 | A 3l Ak, 1531
SR ] SR ARG A5 2R X e — 2 AR B ICU SR Y
M T R,

PTEEAE Ml ge 7 I N T RER B 200 5, 8
T2 B A e U, 7E 42 A B S i By
MRSy BB R AN BRI A A RS iy 5 S
T LT B ICU 2 r: S ThRE I 1 iR
FEBEE T XS ALY , I 2 15 i b bk 2R BERE 2y
AR TI 1 BE E B, 75 4 SVM BRI T fE AR . 1%
WFTECERRS ICU bk D RER Ui s 8, AE T AT

ICU fEBE 8 R AR AR AL i 15 T AL Sk 2R B
SrARTE] WFTEANA IR AR D o X T IR 22 B
FWHCIC N T2 [ 45 (LSTM ) K H AT A9 11 i 34
FAL(GRU) ZETI ICU SR pFE T4 FIRAS B4 1Y)
AUCROC F1 AUC-PR, #R1fij, LSTM #1 GRU fF7E1TH&
R JER I BEPFEOR S BT SR B, FEUREL
EXE LA BN, T R o i AL AL )
Wi b s, H TS LSTM s HA TR B = ~) 7 & A
Gy DR RACR ST R AR —Jr
TEAS LY Jra AT I X L GBE 7 o

AHEFET AR I A3 B LT % (SVM)
TESRDRAT BRAEAS AR e S v 2 ) AT b 22 B o ko )
fod. BABERENBEEL RS EWN LR,
R E BN i e A NETN S N -3 [ U e 2y
g MR AT HR , A E 2 800, T A,
DA 3 B Rz AL RE T o H A A eRBSCRE 52 2% 0 6
(DRSS 4 A B A T R A% JEL BT A e ke
T URRCIOE T

AWFTELERE RN, ICU B#H ABi/a 24 h(48 h) st
TR R AN 2R AR AUC 7351074 0. 840 3
(0.828 5) F110.805 1(0.8117) , ¥ KkF 0.7, ¥ EAH1R
UF RTINS RE o AN T8 S 25 B 1] B 1 )11 2 2 AR a4
AUC A, 3 2 A [R] s [] BE 19 Y1 25 4 sl i 8 AUC {H
AR, — BV, SR BRI R RERS 2 . URIER
ERET o & O TR [ Qe 50 TR ({1 & o
77.66% (76.05% ) Fll 71. 82% (74. 21%) , 45 A P 14
B, FNZTTE AT R . AR AE R 3T 5L
R 1o ALV S N 0 T A M 3P 3 R AU T AR Y
PR, BA B R R

RBFEHAFAEILA TR IR 1 5, 9 4b B S5
TR AN ) L, A 25080 AL B B SR T T CRARIE A
TERARE, Al RE 2T A TR AL, BIIE v P ARG E
A T LV 2R T S B0 BRI 73 2R R A
HEE R H AN BT R O BRI I PR , Do
LB AR (172 AL RE T S HGIR PR ISE FH Al BEME o
A5 S IS E HR ST 2 AR 7 22 R IS, S0 2
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