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[ Abstract | Objective To develop an early postoperative delirium ( POD) risk prediction model in
patients undergoing cardiac surgery based on Extreme Gradient Boosting ( XGBoost) and compare its
prediction performance with that of a traditional logistic regression ( LR) model in order to provide reference
for early identification and timely intervention of the condition. Methods A case-control trial was conducted
on 684 patients who underwent elective cardiac surgery under general anesthesia due to heart disease in the
Second Affiliated Hospital of Army Medical University from March to July 2022. According to the outcome of
their 3-day follow-up after operation, the patients were divided into delirium group (n=38) and non-delirium

group (n =646). The patients were randomly divided into a training set (479 patients) and a test set
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(205 patients) at a ratio of 7:3. LASSO regression analysis was used to screen out important variables related
to POD. LR and XGBoost were employed to construct the prediction models. The area under receiver
operating characteristic curve (ROC-AUC) of the prediction models and the sensitivity and specificity under
the optimal threshold were calculated and the prediction performance of different models was compared.
Results The 3-day postoperative delirium rate of the patients undergoing cardiac surgery was 5. 56%.
Compared with the non-delirium group, the patients in the delirium group were older ( P<0.05) , had a higher
proportion of diabetes ( P<0.05) , and lower preoperative systolic blood pressure ( P<0.05) and postoperative
sleep score (P<0.05). But there were no statistical differences in other indicators ( P>0.05). Then finally,
5 variables, including age, preoperative peripheral oxygen saturation, preoperative regional cerebral oxygen
saturation, preoperative systolic blood pressure and postoperative sleep score, were included for modelling.
The AUCs of LR and XGBoost models were 0. 732 (95%CI; 0.43~1.000) and 0.659 (95%CI. 0.559~0.759) ,
respectively. LR model had a higher AUC value and better predictive performance, but, its sensitivity was
50%, lower than that of XGBoost model (67% ), and its specificity was 100%, higher than the other model
(98.5%). Conclusion The predictive performance of the prediction model based on XGBoost, an integrated
learning algorithm, is not superior to the traditional LR model for postoperative delirium after cardiac surgery.

LR model can well predict the occurrence of delirium after cardiac surgery and provide reference for early

intervention and treatment. But XGBoost is more sensitive to the diagnosis of postoperative delirium.
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FE R T, AT LAGe 8 A e i 8] | s i 1S O
WAIE SO MBS R . B N T B antificial
intelligence , AT) i) K 3d & & , 45 2 Hop SCp HL s o7 >
R (machine learning techniques, MLTs) & % 72 F
TR IR Sh 1 U AR AR v e A ORGS0 T
ARARIGEZ R BN AT, A WTFE R, MR
ET- AR A 536 2, 3 F i & HL (support vector
machine, SVM) . fifi 1 #% #K ( random forest, RF) . 4% [|R
16 FEHETI A (extreme gradient boosting, XGBoost ) 51%
%51 Logistic [ I (logistic regression, LR) fH4'%" If
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5 :2023-FF55 006-01)
1.2 Hypic s

BT ARG B ARS8 BT I R8T
AR AR LR E AR HT AR RS IR FER IR . D—
PR L PR AR AR BTE %L (body mass index, BMI) |
ASA Zrg W S PRI SR v L Bl R DR B i
M BT 5E s @ AR 6 A < Jay #4040 2
(regional cerebral oxygen saturation, rSO,) (/A4 A
M rSO, ~F-X{E) AP A i i FEE (SpO,) (0%
(HR) . 1fi = ( BP) | Ifil £L %5 [ ( HGB) | 21 4fi Jifd Lt %5
(HCT) ; QAR bR BRBE 7 30 A AIbE s @A 5 48
o AREY H R ZE W ORG24 h NEEIRPES> AR5
3 RIS SR AN
1.3 B

ARG 2 B TTAL i ol 4245 12 DR 55 — i Jas 15 e R
BRI 4 1 AT, 4P x5 1 [ T
ARIAFFHE LS S AFNGE T3 A i i R B AN R o
TARIE 3 RN REEA 1% A R 7 S5 P s
CAM-ICU PF43 i RIATVHAN , LU i ORG MR S
A Q@ R QR PUK AR @ B 4 ZE FL
3 01 (D+Q+BHD+@+@) Jy CAM-ICU -3 [
P, 11 POD HiL Wibrife "
1.4 MUE 5 5] A 6 Ay BT

W B+ BB L7 2 S U, 23 S I 4 (70% )
FAAE (30% ) o 1 1 LASSO [a] )5 i 3% Il 25 4 A
B B ARERIF A, R ) LR\ XGBoost X 2 Fif
SEIr AL ALY . Horp LR AR GE I KLY,
XGBoost E7EFEEEHETF b5 B (gradient boosting deci-
sion tree, GBDT) Y ALAl F T & 1Y, & — P4 o B il 7
SJRERY A U T TR Y B S A
1.5 %it#7k

K SPSS #Af:(V26.0,IBM) F1 R 5f4:(V.4.2.2)
PEATEIR AL B 0B o IEAS M A T R R D xs
N R ¢ K3 5 D A5 70 AT A TSR TR L) M (P,
P15) F7R K Mann-Whitney U #a56 THECFERER
SIECRI 43 R, AL FL R X K B 5 fisher
DI . R ZIAH TAERRAE T ZE (receiver operat-
ing characteristic curve, ROC) PEAL P Rl 251 (i) 357 0 %%
AE. TR TIEARR) ROC ik i (area under the

curve, AUC) I B HE R A0 PO S0 , A
BB R BIACR . P<0. 05 K25 RAT Heit 2 2 3

2 H#R

2.1 BHEEIH

HRAE N AHEER I, eI AR5 25 PE 1 S5 684
1, Ho o 38 i KA AR RS2 KRR N 5.56% ¢ 1
LR SRS R E I BRI 1, Hh i
ZRBH BRI R (P<0.05) B PRI EL BB 5 (P <
0.05) . SHARIE & B M 1L, 18 2 8 H AR AT ok
- A HEIC P AR (P<0.05,32) .

F1 VEFAREERESFHEEZEN—MARLEER
[M(PZS’PE) (%) ]

A % (n =38) FEifE % (n=646) P

AR/ % 58(55,66.25) 54(48,60.25) 0. 003
ok 21(55.3) 340(52.6) 0. 882
BMI/kg + m™2 23.39(20.88,26.17) 23.76(21.60,26.15) 0.867
R 5

IR 12(31.6) 117(18.1) 0. 064
WE R e s 8(21.1) 52(8.0) 0.014
iniiEsd 1(2.6) 33(5.1) 0.765
B 0(0) 11(1.7) 0. 883
R R 5 9(23.7) 149(23.1) 1. 000
ek 6(15.8) 103(15.9) 1. 000
ASA 535/ . 3(3,3) 3(3,3) 0. 042

2 DEFABEZEESEEZEENIERERILE
[M(Pys,Ps) (%) ]

A i ERM(n=38) dEiE=EM(n=646) P
D 84(78,94) 85(75,96) 0. 504
S0, 98(97,99) 98(97,99) 0. 069
150, 58(53,62) 61(56.5,65.5)  0.067
BP
€S 119(110,135) 133(116,148) 0. 002
FPRIE 73(65,79) 74(67,83) 0.853
Hb 130(121,142) 131(117,144)  0.643
HCT 40(35.4,43.4)  39.9(36,43.3)  0.838
JERmE T 5 1. 000
S PRI 38(100) 640(99. 1)
LT ORR A 0 6(0.9)
VINEEiE
ARG WER P43 0(0,2) 3(2,4) 0. 005
UNEE 2(5.3) 110(17) 0.093
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2.2 TEHK

M «=0.01 B A EAE, LASSO [8] 9434 i 2 31
SR BB (BRHERECR B 0) IR : D—
JREBERE  AFUE s QI IR B2k : AR HT SpO, . rSO, L 45 &
ARJGHEIR P70 (R 4) o ¥ Bk A5 590 A XGBoost 4
A AR R HE T T R SpO, > AR FTI AR > A
Hil 180, >R J5 HE R T4 >4 i . P 4RI i 2 G
R (K 3) .

®3 %&EHN5 POD HXHEZLTER LASSO {13

2R («=0.01)
5 i FFIE R L OR 95%CI
P51 0. 0000
BMI 0. 0000
AR 0.0139 1.391 1.252~1.530
ASA 434 0. 0000
JERAE T3 0. 0000
AR 0. 0000
PR 9o 9 R 0. 0000
ML 0. 0000
I . A 0. 0000
WA 0. 0000
ekl 0. 0000
AR HR 0. 0000
AR Sp0, 0.00127 1. 005 1.000~1.010
A7 180, -0. 00552 0.724 0.586~0. 862
A HGB 0. 0000
ARG HCT 0. 0000
ENILLEER -0.01616 0.601 0.398~0. 804
A HIEF 5K 0. 0000
A BERR 43 -0. 01501 0.398 0.327~0. 469

BB Y =-15. 872+0. 483X, +0. 142X, -0. 181X,-0. 472X, -
0.419X; Y ATFHELAALF;X, . X,.X.X,. X5 24
A Al RAT Sp0, AT 10, KA Y B KB BEIRITF 2

2.3 BEARE

FEMRR AL B UE I IEAG SRR D IE T AR ARG 15 % &
AR FENGEE f1. LR XGBoost 51 AUC fK¥K A 0. 732,
0.659,LR [ AUC FlHF 5 B s (R 4) , #HER T XG-
Boost AL a2 > 5 BL Y T M fE BE 4f, 1B XGBoost 1 fH
PERIAE  F, LA K HER 3 & T12 58 LR, XGBoost X it

A FEAS T LE A %) EE 0 458 5, % PR R AR 3R 31
5o BEAM, XGBoost [ R MU T 5y, X ARG 1B 2 2 W
R

3 it

ZRfak R 1 REUE POD &A1Y SCHE, HRiiE
WA B—IIR YT 75 R FB POD By &4, dE25%inR
ST 52507 4S5 20T POD RAETT 2 —.
POD J&.0JIE T ARG # WA IE K AE, 5N BE T R
KHFE T3 B T AR L3 A B ] G F B2 7 2
FRE AR R I, POD (14 57 36 2 1 PR 5% 15 A ke 1)
), EIRTEVE 2 R A58 b, B9 N DI 1B 4 3
REfE ME o) T POD 19 FF 5 AR 35 9, 20 S1008 4§
11 28 0 5 S 04 4K 3 ( neuron-specific eno-
lase, NSE) '™ \tau ZE {1 FIAAEA RAF o HARIX
oA W A B BB 1 POD TRINGE 1,0l T RAE
052 A B B AR, AT TR TR IR IR F4E) . 7B
G ARG, EATS R ADRIR R R, I, 9=
o TS TR fg S B0 T B A POD (1) Tl B 2 At — o fi e
WE
3.1 FRMARAL 6916 RAFAER I & L

AW B TER AP S Bk g O e T AR B
A R 22t XIS F) T ASE Y DAk 31 % B v e
B R BIR IRSEERT . ABFTRNA T 684 fi].0
EFAREE REASS 3 REGLAVELHTIrH 1
FH LASSO [a] )3 AT ZH AR AR R 5 S5 A DG BT R
et 75 AN B SO ZE B (AR R I AM A I 481
FIRE AT Jay A i 4 0 3 B8 R T e 4 Hs R e
MRIES)) , JEEET LR XGBoost LM 1.0 IEFAA
Jo Vs 2 A U TN ASE Y, I L 45 13k 2 b A AR 1Y) i
MRLHE. XGBoost 21t GBDT HyEEA b I A& i) —Fhig
SRAR I ) B, AR Kaggle Hlae~r ] RIEH R 1
SRR R I, XGBoost [t GBDT B4 B = 4%, [ It
#EHR A X (Extreme ) GBoost, XGBoost /E #1852 2 45
SRS EOR , B 72 0 T BRI AT I R R
PRIAEAE T LR Sl 2 g A [ 9 43 5 %
B2 TR 1) e PR 2R B A A R PR 2R T
T 95 i A AR AE 38 o AHAS T 5% & BLA% 8 LR AY ] LA

x4 MREPAMRBB TN ERELLE (%)

B AUC(95%CI) R (%) PEREE(%)  FAMESIE (%) BAPERNE (%) P HERRBE (%)
Logistic []J7  0.732(0.43~1.000) 50.0 100 0 94.7 0.49 94.7
XGBoost 0.659(0.559~0.759) 67.0 98.5 57.1 96.5 0.71 95.1
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3.2 BEEMAARLERRE

AWK, OIETFRIGEZR RN 5. 56%,
LU T T A % R RS (S. 48% ) L fH i
T LIEBFSEHE 1) 26% ~ 52% , X 7] R 5 AW 5T 1Y
WERBHEAUCRAE T ARG 3 K, IR A 5%, HAWTSE
HEBR T POD & A= & 11 StanfordA Y 52 5y ik e
JEU A BAT DA B R RS AR R, R e TR AT A
ONEFARAR AT BB, 2478 BN R 6K E , iiF
FEFRW A7 R FEIRE TR POD 1 & A R0 A
MR BRI R AR TS S 2 R AR ER R X 5 BTE
BRFEAIMN o A SR B w5 POD 5 XU
AL AT AS HI R BN R OC R X T fiE
S TABFE A B E RO . EAE% P %
TESE TR S0 21 s 22 & A R, T A BIFFE 0 R
FHA U 2 0 BB 2 R A R 2

ARWFFEAFAE—E 1 Jm R 15 28, AT Sy Bl
WFoE AR R A TR, BE5E 3R, AL as 22 ) B R A
B S b 07 AT 3RS R A R T g —
Ay 2l RBAR I RIS T I UE . HR, AW
RBEN B SRR L RHT RAEFE AR T AR ] A
AMEIR ( cardiopulmonary bypass, CPB) B} [a] . 3= 3/ ik FH.
Y101 NG SR 1R NS RN R 7 KLU R 1 DO & N T
AIREFZNE POD A R 3R, 1 Ja e 9B LAk v, ml
IMABEZ Al 20 POD & AR, LIS B 58 35 0
BBt , ANFSE 2 A P [ B 880 - & F B e Y
A 1 RSB , 30 AT 1 BE P 50 e B 5 LA DA
RIRATSEE AN, BT AWl , R R A ARG VS S A
ARG VE 2 0 He ik T80k, S 17 <1, LA BB %
B IXRERY AR 27 IR O T LR o ) SR
YA TERBR I BEAK o

25 LTI AR T LA ) Bk S O T
A SBE AT FLIII9E 2 XU RO AR AR | A A T A A
A1 XGBoost , {48 LR A58 A1 X6 JH: 11 &4 B 2 I
A TS0 0 T AR AR S5 LA E 22 A KU, 7T EASK
Il R SRS i 22, 5 B 12 A 3 ) S I dse p AR AR IR
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