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WE. a4 AT AEEHIHER TN E 5 3% I 2% 5 (Intensive Care Unit, ICU) IR FE EF AT F, F ok
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1 000R AR %, S A BIE S LA BE A Mgk M AR 35 4R 36 % 3K & T 4E 4F 4 (receiver operating characteristic,
ROC) 1 & T @42 (area under the curve, AUC) Feife s % &£ AN 16521 Bl ERE B H, % F logistic &2
SMBERRT KL ICUKEREEHF LT ERITERI, NHEPHEN BN RKRPNF IR BER 2 5
JELE P AUC ¥4 0.82, 5 £ 3 h 0.88, % T4 %% % % %4 (4= OASIS AUC: 0.70;LODS AUC: 0.74; SAPSII
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Predicting ICU sepsis mortality using self-attention mechanism

LI Xiaogi', LIU Peili', CHENG Hong>, ZHAO Yanyan'
(1. School of Public Health, Cheeloo College of Medicine, Shandong University, Jinan 250012, Shandong, China;
2. Department of Orthopedics, Zouping Central Hospital, Zouping 256212, Shandong, China)

Abstract: Objective To predict sepsis mortality in Intensive Care Unit (ICU) using a self-attention mechanism
model. Methods Sepsis patients who meet the Sepsis-3 criteria were selected from the MIMIC-IV database. Multiple
logistic regression analysis was performed to assess the impact of ethnicity on sepsis mortality. To further validate this
relationship, parallel predictive models ( with and without ethnicity) were constructed and their performance metrics
were compared. The dataset was split into training and validation sets at a 1:1 ratio. A binary cross-entropy loss function
and the Adam optimizer were used to train the model for 1,000 iterations on the training set, and the model s
performance was evaluated on the validation set. Performance metrics included the area under the curve ( AUC) of
receiver operating characteristic (ROC) and accuracy. Results A total of 16,521 sepsis patients were included. The
multiple logistic regression analysis showed no significant relationship between ethnicity and mortality, so ethnicity was
not included in the subsequent model. Both models ( with/without ethnicity ) achieved identical AUC (0.82) and
accuracy (0.88) on the validation set, outperforming traditional scoring systems (e.g., OASIS AUC. 0.70; LODS
AUC: 0.74; SAPSII AUC: 0.75). Conclusion Ethnicity has no significant effect on the prediction of mortality in
patients with sepsis. The prediction model built on the self-attention mechanism significantly improves the prediction
performance of ICU sepsis mortality, outperforming traditional scoring systems.
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SSC guidelines screening flowchart
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Output=W, -Hidden+b, , (6)
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FHEATR 2 7 25 50 Hr o HUREAS [R) Ff e [|) S 2 b 25 £ 1Y
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MIMIC-IV Hr 23130t 23 926 {7 Jife 2 5 B2 3%,
WA 16 521 B A b, b A 13 700
B, BN B 1587 1, PU B F 7 R 665 ], 7
B 569 B, BEBYFLRRIE UL 1, FEA BT
iE BN B R 4 B OB, AN BT S ) L R R
(82.92%) , 1E MIMIC-IV ' BT SOFA P43 (5%
EJE ) P AE=0.79) MKREER T (R IEJG B P A =
0.11) 4, HAR M e AEAS R PR [ 240 Ge i 2%
S (KIEEHY P AE<0.01) o A[FF% & i B4 A5
BORTE, a2 B B v /N (47.89%) L 7
IO T 38 R A A A R (32.14% ) B I &
Fhw i (34.15% ) WEIRIE KA Fe 51 (41.84% ) 5 0
B EREHRE L 5 s (33.74% ) ; P PR B B AR
AR 59(46,70) % ], N BN PHPLA B AL &
BEMWIET R 9N 13.49%  14.49% . 10.98% Fi
14.41% ., ICU 4 Bz i K 4% 91 22.96(1.71, 5.92)d,
3.21(1.83, 6.17)d.2.88(1.75, 6.17) d #1 2.83
(1.67, 5.79)d,

F 1 MIMIC-IV Hv& Ffi 25 1 FE L AR
Table 1 Baseline characteristics of patients from different ethnic groups in MIMIC-IV
FHIE HA(rn=13700) M A(n=1587) PHFE(n=665) TH(n=569) H/Y P

il % 69(58,79) 65(54,76) 59(46,70) 66(53,78) 294.79 <0.01
Ll 68.70 <0.01

5 8 030(58.61) 760(47.89) 398(59.85) 334(58.70)

oL 5670(41.39) 827(52.11) 267(40.15) 235(41.30)
Fo MO 3997(29.17) 510(32.14) 161(24.21) 135(23.73) 22.81 <0.01
5 9 2785(20.33) 542(34.15) 139(20.90) 106(18.63) 163.78 <0.01
R 1934(14.12) 226(14.24) 145(21.80) 101(17.75) 34.99 <0.01
Wi PRI 3852(28.12) 664(41.84) 267(40.15) 176(30.93) 161.88 <0.01
SOFA P-4y 3(2, 4) 3(2, 4) 3(2, 4) 3(2, 4) 1.05  0.79
SAPS 1I 143 38(31, 47) 38(29, 48) 35(26, 45) 37(30, 49) 43.99 <0.01
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e
FHIE HA(n=13700) B A(n=1587) VHHFEF(n=665) W.H(n=569) H/Y® P

GCS W45 15(15, 15) 15(14, 15) 15(15, 15) 15(15, 15) 20.98 <0.01
L% /bpm 87(76, 102) 91(79, 108) 89(78, 105) 90(76, 106) 60.68 <0.01
-2 1fi. £ /mmHg 80(70, 92) 84(74, 98) 82(71, 94) 82(71, 92) 91.27 <0.01
2L H/ (g/dL) 11.4(9.7, 12.9) 10.7(9.0, 12.3) 11.3(9.7, 12.8) 11.3(9.4, 12.8) 102.94 <0.01
FLIR/ (mmol/L) 1.6(1.2, 2.3) 1.8(1.3, 2.6) 1.8(1.3, 2.7) 1.8(1.3,2.6) 103.72 <0.01
IR/ kg 80.0(67.2, 95.0)  78.8(66.5, 94.8)  77(66.3, 89.8)  64.6(55.1, 75.0) 380.56 <0.01
JAE 3525(25.73) 391(24.64) 130(19.55) 192(33.74) 33.42  <0.01
&R N 1210(8.83) 136(8.57) 61(9.17) 67(11.77) 6.13  0.11
JLEF/ (mg/dL) 0.7(0.6, 1.0) 0.8(0.6, 1.1) 0.7(0.5, 1.0) 0.7(0.5, 0.9)  119.40 <0.01

1 mmHg=0.133 kPa,
22 MRERSRTEHXR

K2 AU AR L, =R T 45
AP 28 d SET- (8] Y HL{E e (odds ratio, OR)
I 95% ‘8 {5 [X.[f] ( confidence interval, CI) Fl1 P {H,
WIS BT (BEAY 1) S 7R e X e 2 4 £ % 28 d FE

TOREA WA, RME AT B i PR AR
HEZ I SSC AU (#5141 2 FIAEAY 3)  Fhif I %
XPFET 10 52 W AR SR Rk B Gt 2 B E M (P>
0.05) , Pt 5 Me g AE J A5 128 dFE TR ITC K,

F£2 MIMIC-IV Hffi% 5 28 d JET R I K &
Table 2 The relationship between ethnicity and 28-day mortality in MIMIC-IV

FAY 1 A 2 AL 3
MIMIC-TV
OR 95%CI P OR 95%Cl P OR 95%CI P
HA 1.00 1.00 1.00
BA 1.09 0.94~1.26 0.27 0.95 0.80~1.13 0.58 0.93 0.78~1.11 0.44
= 0.79 0.61~1.01 0.06 0.87 0.66~1.14 0.33 0.84 0.62~1.11 0.23
&= 1.08 0.84~1.36 0.53 0.88 0.67~1.15 0.37 0.77 0.57~1.02 0.07

23 MERERSESENENXER
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Figure 2  Distribution of the total number of SSC guidelines
adhered to by sepsis patients of different ethnic
groups in MIMIC-IV
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Figure 3 Performance of the self-attention mechanism prediction model without ethnicity

A AUC of the self-attention mechanism prediction model without ethnicity; B . Training loss curve of the self-attention

mechanism model without ethnicity after 1,000 iterations.
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Figure 4 Performance of the self-attention mechanism prediction model with ethnicity

A AUC of the self-attention mechanism prediction model with ethnicity; B: Training loss curve of the self-attention

mechanism model with ethnicity after 1,000 iterations.

3 3 i

AWFFE LI, TS 56t ICU e F5E B H 5E T
R A Gt S, PG FET 3 05 ) 2
— NGRS ST R R R R R
I BEAR w5, FPOR TS S0 ICU HP e RAE J 5 IR =
BEAET SR B B R SR, A gT s
PEON EUN AT B AN VY BE 24 7 () M B 0E AR R BB TR
EF A TN ABERSE T RER Y X sk B
5 McGowan % HTH) R G 5R 458 — 5, %
SR I ICU 3 BREFNZE oy 70 P i 36 iy b A7 7 b 35 22
5o HARERRE, ZMRYIL i R B ANEE
FIFET % T AN (B — 2 T AR St
TR AR P TS N R, X e 22 Sl W o,

B B A A0 T % 22 S ] e IR BB R U F ICU
PR ARG P B T 2K A T ICU A BERIAFFE R BT
12 N ZER A4

BNy 2 W NS Sl = S S NG|
FHELR KBS, MIMIC-TV K038 2 v, R[] Fb e 1) vh
¥ SOFA 114325 T IoGe b2 S, RIS R R i) 2
B B LR A B 22 5. SR, Sarkar
SELUEF ST MR B9 SOFA 14375 A [) i e ] 7]
REARERA R BT XK U R TE AP B
BN, SOFA 143 AT R @il TABATT A 28 T XU
Tt ISR N PG BE 2 7 1 A 52 o v 25 R 4 R AR
M H, MIMIC-IV H & FPG PE2F 7 58 AR 52
I, AT DA BRI MIMIC-IV H 58 A R P4 BE - %5 AR
H I ELROL S NI IMARFEAE— 22 5, X i)
RESC IR [R AR SPET- R Z R E R



92 [T N N

e (BB = R

63 4 8 1

AN ARG Y R SO e 5 BT e i
Z 1016 S AR 22 B A 56 TE . Limaye 555 F
R, A BRHERE ) (limited English proficiency,
LEP) ¢ Fl1 9515 %k ( English proficiency , EP) 21 2 [f]
LT R 2R TG L, SR, S % 5=
I, LEP fHE 75 B854 5 A RF A Y JE T2 % 5 T EP
H, HERAGHE L, AR KM, MIMIC-IV
s e b OB S5 0 F ik ) T 95.44%
MmaE A ABHARI R 66.78% , FRIHTLIERE S S5IET R
ZIA R R T ES P05, T AR IILEIY
AR R W A IL ., U AR b B MR AT A A
AP HIFE TR TAE 55 b, BRIV RGLE H
HUOGE D WG PR AR | R B 42 11 S WMk B30 19 &2
ek, HJouk R b B 2 AN RRAE R 22 BAE T X AT g
SECEI AN e W T [ L 2
IVR) £ BRI R A AT R4 A B v A R A B , 9T A Bha R
ANTRVRFHE 22 18] (8 08 AR MR OC 2 o i ik i AL ], A5
RUREAS B AR 4 R FEAE R RCER , 4F T 44 v 3000 7
HERRPE"  JUHAE % I8 83 2R AL BRAR AR RNA T 7
ZERT, BE B AT HLPEAG S

T3 B E R F R A, AR ]
140 ANMRAIE (17 ANBIEEERT 23 45 SSC A | AHER
TALGAR AL 52 A AR E VE #5442 (41 APACHE 1Va
5 142 AR EEDT ) D AR AE R SRR AR T R AR
(52 %2, A Re RS RY SN 57 37k i &, O HLN A ik
FRIE SR AFIERIE 1Y H B I BA AUC 08
0.82, 3 WY 5 A5 A1 X6 A5 AU 000 1 1 TG ik 5 5 el
PRIt , 5 A A8 7 240 e D DRI DA P 5 0, Je 2%
B PP HEBR A R S 5,

ABIFRAAAELU T JRRYE, O Eid 23 %% SSC #
BORTE MU R e B2 0 28 3 A ICU J5 #:52 iR
I7 208 T #EA ICU A2 iRYY . Q) i
RPN RS e SRS €N v & N T SRR}
[m] JTCFR K] ( directed acyclic graph, DAG) 55 5 ik 347
RGNVERIE , AT BEAFTE 158 T 55 L P 7R RRAE A2 & A X
W, DR, #F— 420 3 DAG =% Hofh 7 gt 4k 72
PERE, T HE S THBTRY () MER 4 AT mT S

25 FRTIR  ARBFSE LT MIMIC-1V S04 % | # ¢t
T VLA RS R0 B RREEIE B AT 28 d FET
PB4 25 5 o | Pl DR AE T %
DTG I 35 52 ORI B AR FELR G 210K
HRIG PRAFAE S | 25 B AE 0000 Pk 58 A0 THE e vE oy
R0, Jr I SR I RN Y 77

SEH

[1] Singer M, Deutschman CS, Seymour CW, et al. The

third international consensus definitions for sepsis and sep-
tic shock (sepsis-3) [J]. JAMA, 2016, 315(8): 801-
810.

[2] Rudd KE, Johnson SC, Agesa KM, et al. Global, regional
and national sepsis incidence and mortality, 1990-2017.
analysis for the Global Burden of Disease Study [ J].
Lancet, 2020, 395(10219) ; 200-211.

[3] Kong G, Lin K, Hu Y. Using machine learning methods
to predict in-hospital mortality of sepsis patients in the
ICU[J]. BMC Med Inform Decis Mak, 2020, 20 251.
doi;10.1186/s12911-020-01271-2

[4] GaoJ, Lu Y, Ashrafi N, et al. Prediction of sepsis mor-
tality in ICU patients using machine learning methods[ J].
BMC Med Inform Decis Mak, 2024, 24. 228. doi: 10.
1186/512911-024-02630-z

[5] Khojandi A, Tansakul V, Li X, et al. Prediction of sepsis
and in-hospital mortality using electronic health records
[J]. Methods Inf Med, 2018, 57(4) : 185-193.

[6] Bao C, Deng F, Zhao S. Machine-learning models for
prediction of sepsis patients mortality [ J]. Med Intensiva
(Engl Ed), 2023, 47(6) : 315-325.

[7] Zhang Y, Xu W, Yang P, et al. Machine learning for the
prediction of sepsis-related death: a systematic review and
Meta-analysis[ J]. BMC Med Inform Decis Mak, 2023,
23(1): 283. doi;10.1186/s12911-023-02383-1

[8] Ehta, BMER, Zdede. TR RS B T

JRBEREBFIC TR [T]. M REFM(AARFZEM) ,
2024, 46 (5) . 829-837.
ZHAN Xianchun, CHENG Hengliang, LI Weihua.
Attention-based fusion model to predict mortality of sepsis
patients[ J ]. Journal of Yunnan University: Natural Sci-
ences Edition, 2024, 46(5) . 829-837.

[9] Hou N, Li M, He L, et al. Predicting 30-days mortality
for MIMIC-III patients with sepsis-3: a machine learning
approach using Xgboost [ J]. J Transl Med, 2020, 18
(1): 462. doi:10.1186/512967-020-02620-5

[10] Nikravangolsefid N, Reddy S, Truong HH, et al.
Machine learning for predicting mortality in adult critical-
ly ill patients with sepsis: a systematic review[J]. J Crit
Care, 2024, 84. 154889. doi: 10. 1016/]. jcrc. 2024.

154889

[11] Sarraf E, Sadr AV, Abedi V, et al. Enhancing sepsis
prognosis; integrating social determinants and demo-
graphic variables into a comprehensive model for
critically ill patients[ J]. J Crit Care, 2024, 83 154857.
doi; 10.1016/j.jcrc.2024.154857

[12] Black LP, Hopson C, Puskarich MA, et al. Racial dis-
parities in septic shock mortality: a retrospective cohort
study[ J ]. Lancet Reg Health Am, 2023, 29. doi: 10.

1016/j.1ana.2023.100646



FIHEHL A T A EE AL B ICU MeRRAE 4 RISET 2 93

[13]

[14

[

[15]

[16]

[17]

[18]

[19]

(20]

[21]

(22]

[23]

[24

[

(25]

Galiatsatos P, Sun J, Welsh J, et al. Health disparities
and sepsis: a systematic review and Meta-analysis on the
influence of race on sepsis-related mortality[ J|. J Racial
Ethn Health Disparities, 2019, 6(5) : 900-908.
Erickson SE, Vasilevskis EE, Kuzniewicz MW, et al.
The effect of race and ethnicity on outcomes among
patients in the intensive care unit; a comprehensive study
involving socioeconomic status and resuscitation
preferences[ J]. Crit Care Med, 2011, 39(3) ; 429-435.
Jones JM, Fingar KR, Miller MA, et al. Racial dispari-
ties in sepsis-related in-hospital mortality: using a broad
case capture method and multivariate controls for clinical
and hospital variables, 2004-2013[J]. Crit Care Med,
2017, 45(12) ; el209-e1217.

Chaudhary NS, Donnelly JP, Wang HE. Racial
differences in sepsis mortality at U.S. academic medical
center-affiliated hospitals[ J]. Crit Care Med, 2018, 46
(6) . 878-883.

Sandoval E, Chang DW. Association between race and
case fatality rate in hospitalizations for sepsis [J]. J
Racial Ethn Health Disparities, 2016, 3(4) : 625-634.
Zhang Y, Liu C, Liu M, et al. Attention is all you
need. utilizing attention in Al-enabled drug discovery
[J]. Brief Bioinform, 2024, 25(1) : bbad467. doi: 10.
1093/bib/bbad467

Johnson A, Bulgarelli L, Pollard T, et al. MIMIC-IV
(version 2.2) [ EB/OL]. (2023-01-06) [ 2025-01-26].
https ://doi.org/10.13026/6mm1-ek67

Kalimouttou A, Lerner I, Cheurfa C, et al. Machine-
learning-derived sepsis bundle of care [ J]. Intens Care
Med, 2023, 49(1) : 26-36.

Sarkar R, Martin C, Mattie H, et al. Performance of
intensive care unit severity scoring systems across diffe-
rent ethnicities in the USA; a retrospective observational
study[ J]. Lancet Digit Health, 2021, 3(4) . 241-249.
Angus DC, Van Der Poll T. Severe sepsis and septic
shock[J]. N Engl J Med, 2013, 369(9) . 840-851.
Vincent JL., Sakr Y, Sprung CL, et al. Sepsis in Euro-
pean intensive care units: results of the SOAP study[ J].
Crit Care Med, 2006, 34(2) ;. 344-353.

Azkarate 1, Choperena G, Salas E, et al. Epidemiology
and prognostic factors in severe sepsis/septic shock.
Evolution over six years[ J]. Med Intensiva, 2016, 40
(1), 18-25.

van Vught LA, Klouwenberg PMCK, Spitoni C, et al.
Incidence, risk factors, and attributable mortality of
secondary infections in the Intensive Care Unit after ad-
mission for sepsis[ J]. JAMA, 2016, 315(14) . 1469-
1479.

[26]

—
[\}
e}

[

[30

[}

[31]

[32]

[33]

[34]

[35]

Vincent JL, Moreno R, Takala J, et al. The SOFA
( Sepsis-related Organ Failure Assessment ) score to
describe organ dysfunction/failure. On behalf of the
Working Group on Sepsis-Related Problems of the Euro-
pean Society of Intensive Care Medicine[ J]. Intensive
Care Med, 1996, 22(7) . 707-710.

Le Gall JR, Lemeshow S, Saulnier F. A new Simplified
Acute Physiology Score ( SAPS II) based on a Euro-
pean/North American multicenter study [ J]. JAMA,
1993, 270(24) . 2957-2963.

Evans L, Rhodes A, Alhazzani W, et al. Surviving sep-
sis campaign: international guidelines for management of
sepsis and septic shock 2021[ J]. Crit Care Med, 2021,
49(11) : 1063-1143.

Taylor SP, Karvetski CH, Templin MA, et al. Hospital
differences drive antibiotic delays for black patients com-
pared with white patients with suspected septic shock[ J].
Crit Care Med, 2018, 46(2) . 126-131.

Rosenblatt F. The perceptron: a probabilistic model for
information storage and organization in the brain [ J].
Psychol Rev, 1958, 65(6) : 386-408.

Mao A, Mohri M, Zhong Y. Cross-entropy loss func-
tions: theoretical analysis and applications. International
conference on Machine learning [ EB/OL ]. (2023-06-
20) [ 2025-01-26]. https://arxiv.org/abs/2304.07288
Kingma DP, Ba J. Adam: a method for stochastic opti-
mization [ EB/OL ]. ( 2017-01-30 ) [ 2025-01-26 ].
https://doi.org/10.48550/arXiv.1412.6980

Kokdfer A, Mamandipoor B, Flamm M, et al. The
impact of ethnic background on ICU care and outcome in
sepsis and septic shock — a retrospective multicenter
analysis on 17,949 patients[ J]. BMC Infect Dis, 2023,
23(1): 194. doi.10.1186/s12879-023-08170-7

Prest J, Sathananthan M, Jeganathan N. Current trends
in sepsis-related mortality in the United States[J]. Crit
Care Med, 2021, 49(8) . 1276-1284.

McGowan SK, Sarigiannis KA, Fox SC, et al. Racial
disparities in ICU outcomes: a systematic review [ J].
Crit Care Med, 2022, 50(1) . 1-20.

Limaye NP, Matias WR, Rozansky H, et al. Limited
English proficiency and sepsis mortality by race and eth-
nicity[ J]. JAMA Netw Open, 2024, 7(1): €2350373.
doi; 10.1001/jamanetworkopen.2023.50373

Zimmerman JE, Kramer AA, McNair DS, et al. Acute
Physiology and Chronic Health Evaluation ( APACHE)
IV hospital mortality assessment for today’s critically ill
patients[ J]. Crit Care Med, 2006, 34(5) . 1297-1310.

(% %5 . AR )



