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[Abstract] Objective To construct a prognostic risk prediction model for patients with sepsis-associated
encephalopathy (SAE) in the intensive care unit (ICU) based on interpretable machine learning. Methods The
clinical data of SAE patients admitted to the ICU of the First Affiliated Hospital of Xinjiang Medical University from
January 2018 to June 2023 were retrospectively collected. The indicators included gender, age, infection sites (pulmonary,
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abdominal, urinary tract, thoracic, skin and soft tissue, hematogenous), comorbidities (hypertension, diabetes, cancer,
cardiovascular diseases, chronic kidney disease), diagnosis and therapeutic measures [vasoactive drugs, continuous
renal replacement therapy (CRRT), surgery, mechanical ventilation], vital signs within 24 hours of ICU admission (body
temperature, heart rate, respiratory rate, systolic blood pressure, diastolic blood pressure), laboratory indicators [pH
value, fractional inspired oxygen (FiO,), arterial partial pressure of oxygen (Pa0,), arterial partial pressure of carbon
dioxide (PaCO,), oxygenation index (Pa0,/Fi0,), blood lactic acid (Lac), serum sodium (Na'), serum potassium (K"),
hematocrit (HCT), monocyte count (MON), C-reactive protein (CRP), interleukin-6 (IL-6), procalcitonin (PCT), white
blood cell count (WBC), neutrophil count (NEU), lymphocyte count (LYM), red blood cell count (RBC), hemoglobin (Hb),
platelet count (PLT), blood ammonia (AMM), serum cholinesterase (ChE), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGT), alanine transaminase (ALT), aspartate aminotransferase (AST), AST/ALT ratio, globulin (GLB),
albumin (Alb), total protein (TP), indirect bilirubin (IBil), direct bilirubin (DBIl), total bilirubin (TBil), creatinine (Cr),
blood urea nitrogen (BUN), brain natriuretic peptide (BNP), prothrombin time (PT), activated partial thromboplastin time
(APTT), fibrinogen (Fib), international normalized ratio (INR)], as well as critical care scoring systems [acute physiology
and chronic health evaluation Il (APACHE II), sequential organ failure assessment (SOFA), Glasgow coma scale (GCS)]
and ICU length of stay. The 28-day mortality was defined as the primary outcome. Variables with statistically significant
differences between the survival group and the death group were screened, and the least absolute shrinkage and
selection operator (Lasso) regression was used for further variable selection. Six reliable machine learning algorithms
were applied to establish prediction models, and multiple evaluation metrics were adopted to assess model performance.
Shapley additive explanation (SHAP) was used to rank the feature importance of the optimal model and realize visualized
individual outcome prediction, so as to improve clinical understanding of model mechanism and meet the demand for
personalized prognostic assessment. Results A total of 506 SAE patients were enrolled, among whom 243 cases
(48.02%) died within 28 days. Using Lasso regression analysis to compress variables and eliminate multicollinearity,
11 independent predictive features were identified : sex, age, vasoactive agents, mechanical ventilation, surgery, CRRT,
SOFA score, Na', PCT, NEU, and APTT, respectively. Comprehensive evaluation results showed that the extreme
gradient boosting (XGBoost) model presented the best and most stable predictive performance. The areas under the
receiver operator characteristic curve (AUC) of the training set and validation set were 0.986 and 0.849, respectively,
which were higher than those of other models. SHAP analysis indicated that advanced age, elevated SOFA score and
increased NEU were independent risk factors for 28-day mortality in SAE patients. Conclusions The XGBoost model
possesses excellent predictive efficacy for short-term prognosis of ICU patients with SAE. It can assist clinicians in early
identification of high-risk patients and facilitate the timely implementation of targeted therapeutic strategies.
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Prognosis; Intensive care unit
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& PEE ) 5 297 (A8 120y RS
JIE & 1R 38 J7 (continuous renal replacement therapy,
CRRT), FA | HLARE T )5 AFE ICU 24 h /& fir 1A
fIE (U L 0258 IR Wi T & 5K ) 5 SR & 45
b [ pH {E . A SEWK B (fractional of inspired oxygen,
Fi0, ). gk M 4053 i (PaO, )., 2l ik ifin — S Ak Bk 53 T
(PaCO,). & & 48 #X (oxygenation index, Pa0,/Fi0, ),
1fiL F, B2 (lactic acid, Lac). Il & 48 (Na®). Ifil 7§ £f
(K"). IfiL 20} kb %5 (hematocrit, HCT), B.4% 40 Hg 11
B (monocyte count, MON). C- Jz W &5 I (C-reactive
protein, CRP). F1 4 }fi 4\ & -6 (interleukin-6, 11.-6).
[ 55 2 JR (procalcitonin, PCT), 1 4 g i1 %% (white
blood cell count, WBC), F A4 AL 114X (neutrophil
count, NEU), ¥k [ 40 ffl it %% (lymphocyte count,
LYM). 4T 40 g i+ %% (ved blood cell count, RBC).
1ML £ 25 1 (hemoglobin, Hb). Ifil /) #7 71 %% (platelet
count, PLT). Ifil & (blood ammonia, AMM). Ifil ¥ IH
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GLB). F1%5 [ (albumin, Alb)., & % [ (total protein,
TP). A4 £ 2 (indirect bilirubin, IBil), Bl HHZT
2 (direct bilirubin, DBil). S IHZT 2 (total bilirubin,
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nitrogen, BUN), fili 4% JK (brain natriuretic peptide,
BNP)., #E Ifil ifg J5% B5F 8] ( prothrombin time, PT). i ft
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M R B 53 (2 A 2 2 55 08 1 fdt BRIR B0 DF 43 1T
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APACHE 1), ¥ 51 #% ‘B 3 ¥y 7T 43 (sequential organ
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ChE ., ALT . GCS P/ 2538 B FFAIL (3 P<0.05),

2.2 RS B0 G« Lasso [A] 9 725 B2 7 06 445 SR 0,
B 1, 1A S REEAT I, Bos 4578 8 1) R B

TESISE0 N WPLEARE, B N B R, HR
i REEL R 0, SEHAS R FELE 5 K 1B R aE
HERZE MR, 3T i/ N30 w22 F1 1-SE i 2 fe
Po N A, Sk th s AR i T 5 St 7E
T 25 (IR B R/ NSO B T 11 TS 6, 0 il
PRI AR L IMAETEYEZSY)  MLIGE . CRRT. SOFA
P45, FAR (Na' \PCT.NEU ., APTT,

2.3 MERUIF & BMPEREPEAL (R 2~35 K 2~3) .
AT R 6 FhbL a2 > 7 FIAL AL, XGhoost
HEVNGREE S RAFE S R T KMk 6E, o R S
JEA F1- R840, AU i g 2 ISR S0 (7% 1E 4 BH
PRSI G S BH S5 RAE K, XGhoost A5 7Y ) 1)1 25
HEH 94.2% , AESE N 76.8% ; F1- F5508 g 2 5 45
TR AR TR RARLT, XGhoost FERIYIZR4E F1 $5%k
4 0.939, KESE A 0.736, ROC 2R 434 [ i 26 B
XGBoost HRI ) AUC{H ¥ fe i, 435114 0.986 . 0.849,
T HWETTLIIAK XGBoost HEE Sy 1 RICHE AL (9 B AR

K1 £HFHSITH SAE BEELEIRIHTE
; i) anil - . ) 4l .
£ (263 ) (243 1) il P bs (263 #) (243 1) Gitef P
R (%) x’= 0871 0351|| HCT 030(0.24,037) 031(0.24,036) Z=-0.141  0.888
Bk 166(63.1) 163(67.1) MON (X 10"/L) 0.65(035,098)  0.620(0.38,093) Z= 0233 0816
Itk 97(36.9) 80(32.9) CRP (mg/L) 75.12(41.30,90.00)  90.00(54.60,90.00) Z=-2.383 0016
AR (%, M(QL, 0,)) 58.00(48.00,71.00) 70.00(57.00,81.00) Z=-6.434 <0.001|| IL-6(ng/L) 89.23(34.40,258.90) 107.50(47.23,344.50) Z=-1454  0.146
JRIFRAL (] (%)) PCT (pg/L) 201(033,16.19)  139(0.39,16.19) Z= 0278 0782
T 129(49.04) 118(4856)  x’= 0012 0912|| WBC(X10’L) 1209(857,1667)  1253(826,16.72) Z= 0.044  0.966
T 41(1558) 47(1934)  y’= 1238 0266/| NEU(X10’L) 1021(7.11,15.08)  1031(639,1426) Z= 0774 0439
WIRARS 33(12.54) 36(1481)  y’= 0551 0458/ LYM(X10L) 0.80(048,1.22) 0.76(049,134) Z= 0215 0819
i 11( 4.18) 8(329)  x'= 0277 059|| RBC(X10L) 3.48(2.73,4.20) 328(2.54,400) 7= 2355 0019
1 G 32(12.16) 17( 699)  y’= 3862 0.049|| Hb(gL) 103.00(82.00, 121.00)  96.00(74.00, 116.00) Z= 1934  0.053
I 11( 4.18) 40 164)  y'=2825 0.093|| PLT(XI0L)  167.00(103.00,249.00) 144.00(90.00,208.00) Z= 2242  0.025
FscAE (i (%)) AMM (pmol/L) — 28.12(11.76,46.63)  33.05(19.76,53.50) 7=-2.093  0.036
IR 97(36.88) 114(4691)  y’= 5228 0.022 ChE (UL) 3 486.50 2979.50 I 3541 <0001
FEERAR 69(26.23) 59(2428)  x’= 0256 0613 (2308.77,4821.24)  (1945.57,4001.06) ’ ’
JiiE 23( 8.74) 30(12.34)  y’= 1746 0.186|| ALP(U/L) 83.07(57.54, 119.15) 84.96(59.58,123.82) Z=-0.667 0505
DA 3(12.54) 44(18.10)  y’= 302 0.082|| GGT(UL) 40.38(24.19,77.95)  43.79(23.06,83.28) Z=-0310  0.757
ey ( 6.84) 17( 699)  y'= 0005 0.946/| AST/ALT 1.79(1.36,2.37) 193(1.39,2.76)  Z=-1.620  0.105
1B J'T‘F“ﬁﬁ[fﬂ %)) ALT(UIL) 37.00(21.00,73.96)  27.96(17.92,61.68) Z= 2720  0.006
A HEEZ ) 131(49.81) 183(7530)  y’=34.875 <0.001|| AST(U/L) 61.67(34.38,12545) 49.43(32.18,12332) Z= 1003 0316
CRRT 47(17.87) 82(33.74)  yx'=16.756 <0.001|| GLB(g/L) 28.380(24.57,32.03)  29.05(25.57,33.03) Z=-2012  0.044
FA 82(31.18) 41(1687)  x’=14.050 <0.001|| Alb(g/L) 29.29(25.87,32.79)  29.59(25.62,32.65) Z=-0.050  0.960
LGS 187(71.10) 217(89.30)  x’=25988 <0.001|| TP(gL) 57.73(52.06,64.67)  5845(53.15,65.00) Z=-0.838 0402
A RAE (M (Qy, Q) 1Bl (pmol/L) 8200(536,1430)  832(5.33,16.00) Z=-0495 0.621
R (C) 36.90(36.50, 37.50) 36.90(36.50,37.50) Z= 0.841  0.399(| DBil (umol/L) 030(0.30, 1.41) 030(0.30,4.72)  Z=-1330 0.102
DHEQK/min)  92.00(80.00, 110.00)88.00(78.00, 105.00) Z= 1332  0.183|| TBil (umol/L.) 20.02(14.18,3237)  2335(14.71,35.78) Z=-1.856  0.064
I (VK / min) 20.00(19.00,21.00) 20.00(19.00,22.00) Z=-1.053  0.272| Cr(umol/L) 86.00(53.38, 178.89) 107.14(64.56,224.27) Z=-2.632  0.009
125.00 124.00 BUN (mmol/L) 943(5.84,1848)  12.96(7.66,21.40) Z=-3.486 <0.001
i) (12000, 140.00)  (110.00, 140.00) 7= 118023 (uell) 1160.00 2 640.00 L,
AF5KIE (mmHg) — 78.00(68.00, 80.00) 75.00(65.00,80.00) Z= 2453  0.014 BNP gL (295.88,5220.00)  (659.00,9420.00) Z=-419 <0001
SWERE (M0, 00)) PT(s) 1430(12.60,17.30)  14.40(12.80,17.57) Z=-0902 0367
pH 741(737,746)  7.40(734,746) Z= 1084 0278|| APTT(s) 3230(2840,36.80)  33.60(29.50,3860) Z=-2.064  0.039
Fi0, 040(0.30,0.50)  0.41(037,0.60) Z=-1.131  0255|| Fib(g/L) 3.93(2.98,4.54) 403(324,478)  7=-059 0553
106.00(84.00, 112.00(84.00,
Pa0, (mmHg) 15000) 137.00) 7= 062 0534]| INR 120(1.09,1.38) 130(1.13,1.52)  7=-3.023  0.002
PaC0, (mmHg) 32.00(27.00,37.00) 32.00(27.00,40.00) Z=-1.087  0.277| |lGHIE5 (43, M(Q., Qy))
PAO/FIO, (mumHle) 264.00 241.00 Je 0 003 APACHEII#F4>  15.00(10.00,21.00)  18.00(14.00,24.00) Z=-4912 <0.001
o °7 (203.00,335.00)  (166.00,321.00) SOFA 14 7.00(4.00,10.00)  12.00(8.00,15.00) Z=-8372 <0.001
Lac (mmol/L) 170(120,2.50)  1.90(1.40,2.80) Z=-3430 <0.001|| GCSiF4 12.00(8.00,14.00)  11.00(7.00,14.00) Z= 1956  0.046
Na™ (mmol/L) 13300 137.00 7=-2752 0.006 mﬁgﬁ N
(130.00, 139.00)  (132.00, 142.00) 1CU AR (d, 12.000 12.000 T 019 0857
K" (mmol/L) 3.90(3.500,4.40)  4.00(3.500,4.50) Z=-1030 0302 M0, 0)) (7.000, 20.000) (7.000, 19.000) ’ ’

7 : 1 mmHg~0.133 kPa
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