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[(FE] BH HWTEERT P (ICU) Magie B & A M iEAHOC 100 (SALD) M2y fa ke K 2
LA A A A AL I AT IR . s SR FH IR S 5T D ik, e 9 [ FAE W 4 I A4 15 B
JEIV (MIMIC-IV ) v2.2 Hi2 BT 8 i HEAE B 58 35V M IF 78 5 42, R FR 35 245 & A= SALL 43 SALL 4H 59 SALI
o T P BB AT B A TIE EGLHRAL . A TCU I A IARAE < A TCU 24 h N1 IRSEER = 4G
AFERR RITIE . A ICU 24 h JRAE BRI MG TR PR B RBASITR AR 7 - 3 0 LU RERLIMEE 3 Al 2555
FIESE . R FH S/ N XTI 4 FIRE R 58T (LASSO) MIA 53 B A1 22 [H 22 Logistic 1A 447 26 I ZR4AE ik SALL
J e BIST G I P, A G A AA 7 RS TR AR A S 2 R s B . eI R G TE 4 rp R A 7 1 £
TN TAE, SR IZIE TAERHEITZE (ROC [Zk) 43 BBl (1 500 56 o, R FHAR 1 il 2 a1 e A A i, SR
R ML T (DCA) TFM BB RS . R S PAFIELYN A 8 549 fBillikEEAE 25, Hirh SALL4H 1 067 4,
A SALLZH 7 482 {9, WHLEIEIAYPES] A TCU ZERY | g I Ho 9] | 25 B oA v, . SRR (I AR | Ao ek |
W R ), A A IARAE | S286 3 KA ( (AR (WBC). L2145 (Hb). ZEA0A53 45 56 B (RDW )., IfiL/IMi %
(PLT), H&EH (Alb), BARLZ (Thil ), KA % FR¥E 2 (AST). P92 R s 2 (ALT), IILEF . JRZE (. 1045 | 1
B MLAR  BRIR AR . B T IRIB (AG), S5 M BB ] (PT)., 35 P30 4 1 76 B A 0] (APTT). EPrbrifEfl o (i
(INR). pH {& . shlikiin — 44k /3% (PaCO, ) FLER )Ry 7t (R IR . 2P S RIS N R | 44k
PEBERAIATY (CRRT), WS K E S ) A TCU 24 h JR1E B TESY | UG 1865 2 34 et 208 L
(¥ P<0.05) ¥4 L mm K 2 AE SR e D AT M 0T 0 8 i, e 44N 8 TS hrl) st OIS 78, 43530 hy
s iR (1L (OR) =4.046, 95% B 17 X 18] (95%CI) } 3.236 ~ 5.059, P<<0.001 . Ifil. 55 il £ % (OR=2.188,
95%CI K 1.778 ~ 2.694, P<0.001). CRRT (OR=1.928, 95%CI 1 1.506 ~ 2.469, P<0.001). RDW (OR=1.109,
95%CI 2} 1.069 ~ 1.151, P<0.001), PLT(OR=0.996, 95%CI } 0.995 ~ 0.997, P<0.001). PT (OR=1.042,95%CI
7 1.034 ~ 1.051, P<<0.001). FLIR (OR=1.154,95%CI } 1.107 ~ 1.202, P<<0.001) FIJF 5t 2§ B W 1E4 (SOFA ;
OR=1.119, 95%CI } 1.089 ~ 1.150, P<0.001), ROC £k %7 , BRI 7E Y 24k i g th 28 F A (AUC)
0.830(95%CI 24 0.814 ~ 0.847) ; TilE 4t AUC 7 0.847 (95%CI F 0.825 ~ 0.869 ), ¢ i i1 28 75 11| 245 45 AN T6 e
SR 5 PR AR AR R B — B . DCA R 7R BEAE T8 1k AR R B AT i 35, LA Bl B AR A
it JEREE . MATMES . CRRT. RDW, PLT. PT. FLEZ Al SOFA PF4- 2 IempiE & &2k SALT AT fE K
R IET PR ZEAER SALT T ELAT — 22 B PRI {1
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[Abstract] Objective To investigate independent risk factors for sepsis-associated liver injury (SALI) in
intensive care unit (ICU) patients with sepsis, establish an effective risk prediction model, and validate it. Methods A
retrospective cohort study was conducted using patients diagnosed with sepsis from the Medical Information Mart for
Intensive Care IV (MIMIC-IV) v2.2 database. Patients were divided into SALI and non-SALI groups based on the
occurrence of SALI. Baseline characteristics, comorbidities, infection sites, vital signs upon ICU admission, initial
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laboratory parameters within 24 hours of ICU admission, treatment interventions, 24-hour urine output, disease severity
scores, and prognostic indicators collected and compared between the two groups. The entire cohort was divided into
training and validation sets using a 7 : 3 random sampling ratio. Independent risk factors for SALI occurrence were
identified in the training set using least absolute shrinkage and selection operator (LASSO) regression analysis and
multivariate Logistic regression analysis. Based on this, a risk prediction model was constructed and presented as a
nomogram. Model performance was evaluated in both training and validation sets. Predictive capability was assessed
using receiver operator characteristic curve (ROC curve), model calibration was determined via calibration curves, and
Results The final cohort included 8 549 sepsis
patients, comprising 1 067 in the SALI group and 7 482 in the non-SALI group. Significant differences were observed

net benefit was evaluated through decision curve analysis (DCA).

between the two groups regarding gender, type of ICU admission, hypertension, organ failure status, site of infection
(bloodstream infection, pulmonary infection, abdominal infection), vital signs, and laboratory tests [white blood cell count
(WBC), hemoglobin (Hb), red cell distribution width (RDW), platelet count (PLT), albumin (Alb), total bilirubin (Thil),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine, blood urea nitrogen, serum calcium, serum
potassium, serum sodium, bicarbonate, anion gap (AG), prothrombin time (PT), activated partial thromboplastin time
(APTT), international normalized ratio (INR), pH, arterial partial pressure of carbon dioxide (PaC0,), lactate], therapeutic
interventions [use of albumin, norepinephrine, vasopressin, continuous renal replacement therapy (CRRT), mechanical
ventilation, central venous catheterization], 24-hour urine output after ICU admission, disease severity scores, and
prognostic indicators were statistically significant (all P < 0.05). After regression analysis screening of these factors in
the training set, eight indicators were ultimately included in the predictive model: intra-abdominal infection [odds ratio
(OR) = 4.046, 95% confidence interval (95%CI) was 3.236-5.059, P < 0.001], vasopressin (OR = 2.188, 95%CI
was 1.778-2.694, P < 0.001), CRRT (OR = 1.928, 95%CI was 1.506-2.469, P < 0.001), RDW (OR = 1.109, 95%CI
was 1.069-1.151, P < 0.001), PLT (OR = 0.996, 95%CI was 0.995-0.997, P < 0.001), PT (OR = 1.042, 95%CI was
1.034-1.051, P < 0.001), lactate (OR = 1.154, 95%CI was 1.107-1.202, P < 0.001), and sequential organ failure
assessment (SOFA; OR = 1.119, 95%CI was 1.089-1.150, P < 0.001). ROC curves demonstrated an area under the
curve (AUC) of 0.830 (95%CI was 0.814-0.847) for the training set and 0.847 (95%CI was 0.825-0.869) for the
validation set. Calibration curves demonstrated good agreement with the ideal curve in both the training and validation
sets. DCA curve indicated that the model could effectively distinguish between patients with and without disease
Conclusions Intra-abdominal infection, vasopressin, CRRT, RDW, PLT, PT, lactate, and SOFA score
are independent risk factors for SALIin patients with sepsis. The SALI prediction model constructed based on these

progression.

factors demonstrates certain clinical predictive value.
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& (intensive care unit, ICU) WA Y EEE R B B T-RY
FEFHZ " FEMRERIE & A S ), A
TG BRI | A SR AR 1 BT A P - DL
HREARTT S AL A VA 75 G2 By A0, AT 45 o A
FHN S SR I AS B 25 M e BEAE A G351 47 4 v
1E H AR, 5 BN EEAE A OC 45 47 (sepsis-associated
liver injury, SALI), SALI A A2l F 1CU 95
FERIIAT J1HER

R T e 85 0F B8 & A SALL I & F &R
ATSAS B A L A OGBS 1 B30 20, i 1o R A BIFE
30 3 [ JES 3 T 5 [ A M A R AR B R IV
(Medical Information Mart for Intensive Care-1V,
MIMIC-1V ) v2.2 H e T £ 5 19 I AR5 f61) 0, &
TE TR M (R & A SALL B N7 f 6 R 6 0t
STFUIASRY , LA SALL B9 5L T5 Al R 12y 7 32
e =%,
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O PMERY A4~ H AT 202 A EE U A T
B K I R . A9 858 7 55 1 B ol 2008 %
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%5+ 11383789), MIMIC-IV 4% i fir s s 5 S 10y
S E R EE, TEFR I — I RS P A
1.2 WFFERTS « 3E MIMIC-1V v2.2 %048 12 b ) ik
BEIE AR EVE I S
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JH 2T 2 (total bilirubin, Thil) & [ Fx Fx #E 1k HH
(international normalized ratio, INR) &t 5H-6k 2k ; @ 77
TEWAREPEITG « 5 B et IF R FREAL | S5 te
PR B

123 2WibsifE . © MEEAEIZWIRYE Sepsis 3.0 45
YE{ ! 1, B R L + ?ﬁ%&ﬁﬁﬁ%ﬂzﬁ(sequemial organ
failure assessment, SOFA) =2 43 ; @ SALI ZWifF &
Thil >34.2 pmol/L (20 mg/L) 1 INR > 1.5 (1) %E Ifi. 2
RERERS AL

1.3 W55 : A BESE N D13l ET PostgreSQL 10
FA R AL AR 1T 5 (structured query language,
SQL) M\ MIMIC-1V v2.2 554 B Hh R IR 5 4l A bR
0 IR R TORE, B AS : O BEAFE
ARy PRSI BB A TCU KA @ AR :
ML | A8 BE TR BRI MR <5 0 PR L LASY
E WO ; O BULEAL ; @ A TCU I Ay
TRAE 038 SFR SRR FEIR AR AR s & A
ICU 24 h W RS KA 1545 - FH AR (white
blood cell count, WBC). [fil£].£5 FH (hemoglobin, Hb),
2T 5945 T5 JEE (red cell distribution width, RDW ).
ML/ (platelet count, PLT), 4 [ (albumin,
Alb ), Thil , KA iR 5 it ( aspartate aminotransferase,,
AST)., N iR % i ( alanine aminotransferase , ALT )
WU PR 28 20 I o 5 . i LA Bk R A
H . B B 8] B (anion gap, AG). % Il & J5 B[]
(prothrombin time, PT)., {if & ¥ 73 &E Il 1% M (-]
(activated partial thromboplastin time , APTT)INR , pH
. B KI5 53 FE Carterial partial pressure of oxygen,
Pa0, ). sl kIl — Ak h 53 Carterial partial pressure
of carbon dioxide, PaCO, ). E &85 FIR ; © 67T
FE G < AT Al | TS VEZ Y AR 0258
1% 22 PE B E B ARG YT (continuous renal replacement
therapy, CRRT)., HLiHGE T FGREIK S E L ; D A
ICU 24 h ki 5 @ BARIE : SOFA W50 AR F
B R PES) (Glasgow coma score, GCS) LA fi B 21
H: #2243 11 (simplified acute physiology score I,
SAPSTI); @ BR6bR. i ity , L BREA(E >
30% HYZE T, i i 22 FA AN ROR R R S A R A 2R A T
AR

14 GEitsedrik « A0H5E a9 s i BN SE T 0 A
TAERMEA R 4.3.2 BAFSEM. IR A B L7
DA+ FRiE2E (R +s) Fom RV FEA ¢ K6
By s AAFE RS A i 2270 0 ) DL vb 2 % (1 4y

HEBOLM(Q,,0,) ) 7R, K H Mann-Whitney U K5 .
SR LI (4 ) R, 4 USSR A
for o, AR i A B I [A] & A5 & A SALLHG /35 70
SALI 4 #1d[E SALI 41, >R Kaplan-Meier 4= 771 £k
I3 B X B RR RS B0 50AIE SALT 21 54 SALL 41 4 1Y
30 d IR BAEIE 22 7o K EARBASNF IR 7 - 3
B4 EE A8 B A LA A 43 A DI 2R R IR AR I 2R 7 3¢
U0 A5 Y 5L A R0 S, 56 I A D) B AR AR K
B, SR /N XTI AE AN PEET (east absolute
shrinkage and selection operator, LASSO) [a[J5 X H 4%
T TR AL, T4 & 2 3R Logistic [MIH4MHT,
2 SALL A fa e N 2. 7 2 K IR
T (variance inflation factor, VIF) %R &2 i a2k
HEATPEH o T ASE Y 1) m] R Ak A B 91 2 1] 11 225 11
Sl SR, Bl 7 I S 8 G 4 R iz 8 2R R A 7
AN TAE . R IAHE TAERE L (receiver
operating characteristic, ROG 12k ) 73 #7126 K B 7Y
(TR 7 5 A8 P A o e D Ao A ol i 21 7 )
JE , FLAR M 2 T A 5 5 S PR AR A DE ELRE 5 SR A
DL 2R 5347 (decision curve analysis, DCA) PR
U 45 o R KAE o (EEBOBUN 0.05,

2 5 R

2.1 ARG REEAE (1) : 5K 8 549 fi
WREEIE J A AN B, L 5 1 4 834 151 (56.54% ),
2 PE 371541 (43.46% ) 5 4F 1% (66.72+16.18) % ;
SALI 2 1067 1], JE SALI 41 7 482 {3l ; B N %€ T
1.576 {5 JiHEF N 18.43%. PILLEITER] . A ICU 2
Y PR A B I I OO L B RA (5R I PR FR IS
Jubh ) AL AAARAE | SEER S A A e A (BRILBE | Pao, .
SAATEEN) . A TCU 24 h JR& IRIT 15t (BREAE
JR 259050 ) P vioy | a6 08 25 5 3596 it
2R (¥ P<0.05),

2.2 SALI S5HEFAEHE 30 d AR A G SALL
4 H 30 d kA8 R 5 TR SALT 41 (29.52%
(315/1 067) Lt 20.03% (1499/7 482), ¥ P<0.05 ).
Kaplan-Meier 4= 74k < (B 1), SALI 41 30 d £
FUETER K TE SALL 41 (Log-rank #346 : x °=
21.6, P<<0.000 1),

2.3 SALI IR ZE ik « Y2, R A LASSO
15 43 AU SALL & A i T REfE R I 26, Hov,
Thil, AST. ALT F1 INR 5 SALI By LR FIARC,
PRI ARG A LASSO (1353t RS AR K] R
(1 2A), B EFETT R EL N (HAYIS K, LASSO [l 545
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T [ AR e R BOH W R R 4, B Y R 4 ) AR
BN B L, 10 728 TR s (K] 2B), 78
N 1A AR TR (N=0.016 382 11) B, £ 7
A 8 M (AL RIE YL | S N2 | CRRT,
RDW ., PLT. PT. FLER A1 SOFA 1F-43) HA 2 W]
B PR X AR R AT S SALL B R A AR
SRR e 2 () 37 T PR 6 ks 8 AR i A []
AN Z R Logistic [ 17, 25 5L g /< H 5 o fifk
BT A R AE SALL By S AR IR 2 (3 P<0.055
#2), MM R, Bk 8 MR AL ZR
PE(VIF<10; % 2).

100

=
=)

—+— qESALIAH
—+— SALI4L

Log-rank &% .
x’=21.6
P<0.0001

FHREARR (%)

=
IS
T

60 1 1 ]
i (d)
1 : SALL A RREEREAH AT 405
1 B AL SALI B4 MeaaiE B 30 d Kaplan-Meier A= 77 H14%

X1 BEELE SALI HARBESEN—REHEER

J5ti R A SALI 4 SALI 2H ilx*/ P
(n=8549) (n=7482) (n=1067) U1l

SEWE (B, xts) 66.72+16.18 66.78 +16.72 66.35+17.16 0.779 0.436

BPECH (%)) 4834 (56.54) 4.190(56.00) 644(60.36) 7.208 0.007

FEIR S () (%)) 854 (10.00) 756.(10.10) 98(9.18) 0.878 0.349

ATCU 2RI (1] (%) ) 30.504 <0.001
MICU/SICU 4 833(56.53) 4225(56.47) 608 (56.98)
CCU 2291(26.80) 1954(26.12) 337(31.58)
HAh 1425(16.67) 1303(17.42) 122(11.43)

BIE (4 (%))
fR Il 3507 (41.02) 3101(41.45) 406(38.05) 4.450 0.035
e PERH ZEME B 2402(28.10) 21105(28.13) 297(27.84) 0.041 0.839
R 2096 (24.51) 1 849 (24.71) 247(23.15) 1.234 0.267
L UFEAE 1783 (20.86) 1546 (20.66) 237(22.21) 1.357 0.244
KPR 339(3.97) 287(3.84) 52(4.87) 2.640 0.104
B WIS 2040(23.86) 1768(23.63) 272(25.49) 1.782 0.182
S R 1076(12.59) 925 (12.36) 151 (14.15) 2.716 0.100
PRI R 6169(72.16) 5308 (70.94) 861 (80.69) 44.188 <0.001
Ak s 1720(20.12) 1450(19.38) 270(25.30) 20.396 <0.001
b s 2732(31.96) 2354(31.46) 378(35.43) 6.749 0.009

JRYLEBNE (9] (%) ]
IR 745(8.71) 587(7.85) 158 (14.81) 56.904 <0.001
it 0 R e 4446 (52.01) 3931(52.54) 515(4827) 6.832 0.009
i s SRR 863 (10.10) 580(7.75) 283(26.52) 362.545 <0.001
A TE TR 739 (8.64) 637(8.51) 102(9.56) 1.293 0.255

HEATARAE (2 £5)
LR (WK /min) 106.84 +25.13 106.10+25.11 112.05 +24.60 ~7.268 <0.001
Bk (mmHg) 67.53+34.97 68.38 +34.96 61.63+34.42 5.910 <0.001
IR A5 (YK / min) 27.26+9.48 27.14+9.42 28.12+9.83 -3.179 0.002
AR ) 36.87+1.39 36.69+1.37 36.67 +1.51 5.087 <0.001

LG E R
WBC (X 10°/L, x+5) 13.86+8.22 13.73+7.92 14.77+10.03 -3.875 <0.001
Hb (g/L,x+s) 107.43+23.19 107.92+22.86 104.00 +25.09 5.169 <0.001
RDW (%, x+s) 15.03+2.12 14.93+2.04 15.73+2.51 -11.538 <0.001
PLT( X 10°/L,x+s) 210.71+110.08 216.60 + 109.80 169.42 +103.02 13.230 <0.001
Alb(g/L,x+s) 29.71+6.11 29.96+6.02 27.98+6.45 9.959 <0.001
Thil ( pmol/L, M(Q,, 05)) 10.26(6.84, 18.81) 8.55(5.13, 15.39) 37.62(18.81, 61.56) -39.006 <0.001
AST (UL, M(Q,, 05)) 40.00(24.00, 86.00) 37.00(23.00, 72.00) 91.00(42.00,337.00)  -23.320 <0.001
ALT (UL, M(Q,,0,)) 28.00(16.00, 62.00) 26.00(15.00, 54.00) 53.00(22.00,222.50)  -17.602 <0.001
LT C pmol/L, M (Q,, Q)] 97.24(70.72, 159.12) 97.24(70.72, 150.28) 114.92(79.56, 194.48)  -10.141 <0.001
FRZA (mmol/L, M(Q,, 05)) 3.67(2.50,6.17) 3.67(2.33,6.00) 450(2.83,7.50) -8.848 <0.001
JBE (mmol/L, x+5) 8.66+4.24 8.68+4.28 8.51+4.02 1.280 0.201
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Gk
sk B E 4 SALL 41 SALI 41 t/ U] P
(n=8549) (n=7482) (n=1067) x i

M55 (mmol/L, x +5) 2.04+0.23 2.04+0.22 2.01+0.28 3.627  <0.001
MLEF (mmol/L, x +5) 423+0.77 421+0.76 431+0.84 -3.922  <0.001
L5 (mmol/L, x +) 138.77 £5.47 138.87 +5.46 138.11+5.49 4206  <0.001
TR Z MR (mmol/L, x +5) 22.16+5.02 2242+4.93 20.37+5.23 12576  <0.001
AG (mmol/L, x +5) 15.46 +4.49 15.21+4.27 17.23+5.19 -13.900  <0.001
PT(s,x+s) 16.54+8.47 15.79+7.53 21.80+12.09 22298  <0.001
APTT (s, x+s) 39.06 +24.89 38.10+24.25 45.78 +28.08 -9.480  <0.001
INR (x=*s) 1.51+0.80 1.4440.71 2.02+1.13 226798  <0.001
pH A (x+5) 7.35+0.10 7.36+0.10 7.33+0.12 7.548  <0.001
Pa0, [ mmHg, M(Q,, Q;)] 103.00(61.00, 203.00) 104.00 (62.00, 202.00) 97.00(56.50, 214.50) 1.007 0.314
PaCO, (mmHg, x +s) 42.81+12.59 43.07+12.61 40.96+12.32 5123  <0.001
AATEE mmHg, M(Q,,Q,))  194.00(106.00,309.68)  195.73(107.50,310.00)  184.90(99.00, 303.17) 1.281 0.200
FLAR (mmol/L, x £) 232+1.86 2.16+1.63 3474275 22114 <0.001

I (4 (%))
A AEN 2104 (24.61) 1632(21.81) 472(44.24) 253.074  <0.001
LHYE LRE 3768 (44.08) 3.046(40.71) 722(67.67) 275269  <0.001
[IKEDIIIAE 1425(16.67) 978 (13.07) 447(41.89) 555471  <0.001
TETENTF BT 25 5056(59.14) 4422(59.10) 634(59.42) 0.039 0.844
CRRT 731(8.55) 446 (5.96) 285(26.71) 514.158  <0.001
HUBGES 5564(65.10) 4766 (63.70) 798 (74.80) 50.535  <0.001
R IR B 4572(53.48) 3 838(51.30) 734(68.79) 114879  <0.001

AICU 24 h R4 1500.00 1 550.00 1120.00 11083 <0001
(mL, M(Q,, Q)] (890.00, 2 385.00) (935.25,2 425.00) (565.00, 2 002.50)

PRV (4, M(Q,, Qy))
SOFA 34> 6.00.(4.00, 9.00) 6.00(4.00, 8.00) 9.00(6.00, 12.00) -25355  <0.001
GCS 4y 15.00(13.00, 15.00) 15.00(13.00, 15.00) 15.00(14.00, 15.00) -2.029 0.043
SAPS 1T ¥4 41.00 (32.00, 51.00) 40.00 (32.00, 49.00) 48.00(39.00, 58.00) -16.447  <0.001

ICU fEBERTE Cd, M(Q,, Q5)) 5.33(3.24,10.06) 5.12(3.17,9.60) 7.52(4.08, 13.76) -11.363  <0.001

BEBERHE Cd, M(Q,, Q3)) 12.49 (7.68,20.81) 11.99(7.51,19.82) 16.22(9.3,27.16) -10.781  <0.001

fEBESET (] (%)) 1576(18.43) 1237(16.53) 339(31.77) 144210  <0.001

30d A6 (] (%)) 1814(21.22) 1499 (20.03) 315(29.52) 50.281  <0.001

T« SALL A BREEREAT DG , ICU S E eI 55, MICU Sy AR AE WG 37 57, SICU SHAMBFEAE W 4o 177 5 CCU Ay sl Lo e g B
WBC S A4, Hb ML A, RDW LT 96 5, PLT S il /N4, Alb SR, Thil S BIHLTE , AST S KA Skt i,
ALT SN W8G2 , AG S B ES [l B, PT 8 BB A (8], APPT Sy i Ak 5405 1 % s 18], INR 8 I BRAREAL LUAE ., PaO, Sy 3l ik i 053k
PaCO, MBIk A LIRS, CRRT N E: B IERCIATT . SOPA NIT BIA8 B 2B 1E4Y, GCS NS RUUTE Bk 1743, SAPS I Ry ff i Atk
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