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Abstract

Objective: To investigate the clinical characteristics and risk factors for the development of acute
liver injury following multiple trauma. Methods: Data from 216 adult patients admitted to the
Shaanxi Provincial People’s Hospital from January 2021 to January 2023 with multiple trauma
were collected. Patients were divided into two groups based on whether they had acute liver in-
jury: the multiple trauma acute liver injury group (81 cases) and the multiple trauma no acute
liver injury group (135 cases). Clinical data and laboratory parameters were compared between
the two groups using univariate and multivariate logistic regression analysis to identify risk fac-
tors for acute liver injury in multiple trauma patients. ROC curve analysis was conducted to assess
the predictive value of these risk factors in predicting acute liver injury in multiple trauma pa-
tients. The Acute Liver Injury group was further categorized into four subgroups: hepatocellular,
cholangiocyte, bilirubin, and mixed-type, and clinical characteristics among these subgroups were
compared. Results: Univariate analysis revealed that ISS score, length of hospital stay, time to
correct shock, PT-T, HCT, ALT, AST, Tbil, concomitant abdominal infection, hemorrhagic shock,
septic shock, and sepsis were risk factors for acute liver injury following multiple trauma (P <
0.05). Multivariate logistic regression analysis demonstrated that time to correct shock, concomi-
tant abdominal infection, and sepsis were independent risk factors for acute liver injury in mul-
tiple trauma patients. ROC curve analysis showed that the area under the ROC curve (AUC) for
predicting acute liver injury in multiple trauma patients was 0.57 (95% CI 0.493~0.648) for time
to correct shock, 0.649 (95% CI 0.57~0.729) for abdominal infection, 0.614 (95% CI 0.535~0.692)
for sepsis, and 0.732 (95% CI 0.662~0.803) for the combination of these three factors. The combi-
nation of the three factors had the highest predictive value for acute liver injury, while time to
correct shock had the lowest predictive value. Among the four subgroups of acute liver injury fol-
lowing multiple trauma, significant differences were observed in ISS scores and concomitant sep-
sis (P < 0.05). High ISS scores were more common in the hepatocellular and cholangiocyte sub-
groups, while the bilirubin and mixed-type subgroups had a higher incidence of concomitant sep-
sis. Conclusion: Clinical characteristics of acute liver injury following multiple trauma include longer
hospital stays, higher ISS scores, longer time to correct shock, and a higher probability of conco-
mitant abdominal infection and sepsis. Acute liver injury patients with high ISS scores are predo-
minantly of the hepatocellular and cholangiocyte types, while those with sepsis are mainly of the
bilirubin and mixed-type liver injury. Independent risk factors for acute liver injury following
multiple trauma include time to correct shock, concomitant abdominal infection, and sepsis, with
the combination of these three factors having the highest predictive value.
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YL 2EAE bR L DL AER 1 2%, 1) 1) AR R Z B (alanine aminotransferase, ALT) > 5 x ULN; 2) Bl
IR (alkaline phosphatase, ALP) > 2 x ULN; 3) ALT >3 x ULN H_ = JHZL % (total bilirubin, TBil) > 2 x ULN.

BN T 2 KA 3L 216 41, MRYE T2 WiksitE 70 o 2k FFR G 4181 ) ANk 2k AT 4 4
ZH.(135 1) o g S 51 00 28 S5 AR FLTH D RE 5 2 D S P R P45 A0 2H. (16 491) « L A i 2 45 45 2H. (17
%)y RHZT 2R AT 15 4. (28 ) AR & BURT AR A (20 ). T 1 Froms e

Table 1. Liver function clinical grouping (subgroup)
% 1. RFIhaEIAR 4 (T 4E)

e JFAnmsin s IR H R TRA Y
ALT (9~50 U/L)F1/=k, AST (15~40 U/L) >3 x ULN B R PIRR AL E
ALP (45~125 U/L)FI/5 GGT (10~60 U/L) >2 x ULN
TBil (0~23 pmol/L) >34.2 pumol/L
E: ALT: B N¥ENE; AST: WHFENE; ALP: BRIEBEIRNE; GGT: B&EBFIANS; TBil: BHAR; ULN: Ik

WAE LR,

3.2. H5IEHR

(1) e EHE NG —BTRE, ERE R AR MR (ERERE EER . KRR B
frv ANBERHATR . M, DR PR BRIRA . SR (eHE. R, MR, JamsEags.
RGLPEAR L SR IPEAR B BREEAESE) SR AR B 518 1 (i BEtR L PF-43 1 (acute physiology and chronic health
evaluation I, APACHE 1l i¥43). FF 51 8% B £ 55 fiti 11 (sequential organ failure assessment, SOFA)VF4r 1%
T B f5 JE (Injury severity score, ISS)¥F-4 . Ak a2 IE I i) ;

(2) RIEVEFRMR(ONBEIG 72 h i sfE): B4 & 5 (procalcitonin, PCT). C < 4k [ (C-reactive protein,
CRP). H4ifif-2-6 (interleukin, 1L-6). FLHEZ It = F%( lactate dehydrogenase, LDH). 140 g i+ % (white blood
cell, WBC). IfiL/Mi T4k (platelet, PLT);

(3) HTHEFEFR B IMFEFR(NIEIG 72 h WixEi{E): K& R & M (aspartate aminotransferase, AST).
ALT. TBil. E#HZ 2 (direct bilirubin, DBil). ALP. 2% E#% Ikl (Glutamyl transpeptidase, GGT). i
I 41 4k B (IR (plasma fibrinogen, Fib) . %t I J7 B (8] (orothrombin time, PT-T). [ Fr A5 v 46 bb{H
(international normalized ratio, INR)%: .

33. GitFERZ*

15 FF SPSS 23.0 #c % Bm HE AT G 11 A AL T 7P & IEAS A R E VTR DAL £ FRAEZE (X £ S)Fow,
5 2H 18] EL e R O BEAS ¢ 4G 56 ARIEZS 20 A 1T Bk AR AL B (VU 4 A2 50D [M(QL, QU) R, 4L
Fo K AES B ARG I . THE0E R LIS (%) %, 4L1A] EL IR B R 7 /036 5 Fisher #RVIERVE. &G
K2R AR BTV, BRI b 2 3 Siih 24 2 LT FR4A N Logistic 811947 2 R &40 ¥,
PN TR FR 9 F b (odds ratio, OR). #a 36 kRr#E P = 0.05, P <0.05 NZREAA g L.
4. ER
41 BRGERYARGSIERRGEZERLZERN. I1SSHEYREHRGIBERER

2 2 ran, AR SRR, SIFIBR EHLE, W RSt (P > 0.05); fE 1SS T
g AEBERE R, 2R i SVER S O BART S AL 1SS VE i, ERERBER, ERA

DOI: 10.12677/acm.2024.1441303 2372 I IR = =23t e


https://doi.org/10.12677/acm.2024.1441303

Wit 2

iR (P < 0.05); Z kA ST G A B AR 41 A RIS s g . R AR v . SRR e
MERESERIIMANEE L, AREG I ZRP <0.05). W& 2w,

Table 2. Comparison of ISS scores and concomitant injuries between patients with acute liver injury and non liver injury
2. AU SIEFRGERETE 1SS S REFHIRGRILER

EELA BVEIHR 481 1) JE IR A5 41(135 41) ®IiMH/Z 4 P
P53 0.137 0.711
% 52 (64.2%) 90 (66.7%)
% 29 (35.8%) 45 (33.3%)

G 50 (40.58) 50 (40.58) -0.428 0.669
1SS ¥4 20 (17.24) 16 (14.19) —6.409 0.017"
B R & 19 (15.24) 14 (10.18) -5.272 0.005"
EIR

Jas R 11 (13.6%) 12 (8.9%) 1.171 0.279
g fs e 29 (35.8%) 8 (5.9%) 31.833 0.009"
o M AR 5T 25 (30.9%) 18 (13.3%) 9.758 0.002"
Vet S N 31 (38.3%) 24 (17.8%) 11.203 0.005"
& 2ng 40 (49.4%) 36 (26.7%) 11.455 0.001"

vE: "R P<0.05,

4.2. BRBEBERBGSIER R G B E E K A ERER LR

P2 B EAR s A IER 8] B LB, 2 R A% )5 S eI B Lu AR5 3 8 /N K e & T s (1]
FK, AHESIHT%ZEREP <0.05). 1% 3 fir.

Table 3. Comparison of shock correction time between acute liver injury and non liver injury patients

3. RS SR B EE R Y IERELLER

EGELIN APERTR 7 2H.(81 1) FEIF 5441 (135 1) R fH P {H
PR TE I [H) 5.051 0.025"
8h WAL IE 66 (81.5%) 91 (67.4%)

8h WA IE 15 (18.5%) 44 (32.6%)

VE: "ER P <0.05.

4.3. ERBEREFBGEESIEMRGEEESEZHIRLE S

AR TR 2 KA 5 2 S SR B T e E R A A R A LR, AR Gt
bRy L% R0AS . PIZHBERlAR ALT. AST. Tbil. LDH. PT-T. INR. PCT. CRP. IL-6. WBC. PLT. HCT
SEMMNAEIES A, NMHIESERRAREL; Fib IR IEZRS A, EHMSIAEAR t 155

RYEZ 4 s, PALEHAE PT-T. HCT. ALT. AST. Thil LH#, A EES %% (P <0.05);
7f Fib. INR. CRP. PCT. IL-6. WBC. PLT. LDH Ltt#, ZRTLit55E (P >0.05).
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Table 4. Comparison of laboratory indicators between patients with acute liver injury and non liver injury after multiple in-
juries

*® 4. ZRGERERRG SRR B E AR EER LR

SEIS e SR A7 4H.(81 #4) JE A5 2H.(135 ) t{E/z 18 P{A
k100 B JFF e
ALT 84 (37.5, 284.6) 43 (25, 108) ~4.975 0.001"
AST 91 (43.5, 150.5) 46 (33, 71) ~5.068 0.001"
Thil 34.89 (24.09, 41.43) 21.8 (16,51, 28.27) ~6.788 0.003"
Fib (g/L) 4.930 + 1.671 4.735 + 1.609 0.845 0.399
PT-T 14 (13.1, 15.8) 13.4 (12.7,15.1) ~2.614 0.009"
INR 1.21 (1.105, 1.37) 1.18 (1.06, 1.34) ~1.378 0.168
PCT (ug/L) 0.585 (0.134, 1.75) 0.369 (0.127, 1.44) ~1.025 0.305
CRP (mg/L) 61.76 (22.78, 93.93) 47.12 (23.19, 102.89) ~1.025 0.305
IL-6 (pg/L) 47.89 (11.64, 172.22) 44.6 (11.78, 99.34) -0.975 0.330
LDH (U/L) 298 (235.5, 430.5) 306 (229.00, 415.00) -0.374 0.708
THE
WBC (*10%/L) 12.63 (7.27, 16.38) 10.34 (8.79, 15.57) ~1.296 0.195
PLT (*10°L) 156 (119, 201) 162 (116, 225) ~0.390 0.696
HCT (*100%) 0.291 (0.251, 0.372) 0.331 (0.284, 0.401) ~2.461 0.014"

VE: Fib: M3EL4EE AR, PT-T: ALILEGREN A, INR: EprbrEtbtb{E; PCT: B&45XKJE; CRP: C M EH; IL-6:
H/%-6; LDH: AEIiER: WBC: FEZMiit$: PLT: MMM HCT: Z4iuE. "R P<0.05.

44. BRIGEBEFBRGBENSERS

K B R M b 22 50 Gt OB AR R BE R K 1SS W0« IRTELH IR IR) L & 75 45 FF IR EAE |
MR G RIPEAR T GRS, PT-T. HCT 99N Logistic V704, 9 i F5000 22 & 1 s Sbe
GO S TR AR M IERS [A] . & )RR I IRFAE. TNk 5 .

Table 5. Logistic regression analysis of risk factors for acute liver injury after multiple injuries
%5 ZRGEEMIRGERKEZR Logistic BIVARER

hAsE P& OR 8 95% ClI
PR 24 TE B[R] 0.000" 2.127 1.093~4.142
Ji s Ik e 0.001" 8.853 3.797~20.644
Jik A 0.018" 2.683 1.504~4.787

VE: "R P <0.05.

F1 ¢ 5 AT, A RIS B R R AR 2 3 Ja S M I A 11 XU 2 Sl 45247 £ 3 8.853 i (OR = 8.853,
95% Cl: 3.797~20.644); & I MKERIE 8 K AE 22 KA Ja PRI 1 1 XU 2 JE a5 £ 2 1) 2.683 £i%(OR
= 2.683, 95% ClI: 1.504~4.787); 2 K% J5 S5 0Kk 50 2] IR [a] 2 JE 4 A 3 1 2.127 f%(0OR =
2.127,95% Cl: 1.093~4.142).
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4.5. BERIERIBIRETNE 6 EE L ESEFRGROMNE
24 ROC fh2k, TPANRTCA IEmEE) . A A MR . kAR AL T €05 Ja SVERT 0 A (8. ]

1 FiRe
ROC fh £
1.0 B4
— REE
—— kL ERE
RERE R
0.87 — BAZH
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B
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E
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Figure 1. ROC curve of shock correction time, occurrence of abdominal infection, and sepsis predicting acute
liver injury in trauma patients

B 1 RIERTE, RKEMAERR. REETNEMSBE L ESERTIR5E) ROC #iZk

Pa 6 Fron, R AlIERF(a]. RAREISIERYL . BREPAE. BEA Ll = Tfs bR ool 645 5 5 R Ak 2 i
A 2R N AR 2> 708 0.57. 0.649. 0.614. 0.732.

Table 6. ROC curve results of various biomarkers predicting acute indirect liver injury in trauma patients
2 6. FUEMREITUNEG 4 EE LS 2 EEEME TR ROC B4R

fabr iihi 2k T AR PRz P1A 95% ClI U T
PR32 TE B[R] 0.57 0.04 0.084 0.493~0.648 0.815 0.326
JH i ik G 0.649 0.041 0.001" 0.57~0.729 0.358 0.941
AT 0.614 0.04 0.007" 0.535~0.692 0.494 0.733

T = T3 0.732 0.036 0.000" 0.662~0.803 0.531 0.837

I "F#oR P <0.05,
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4.6. BRGRBEFRGEEERTABERSH

BN 7 AT, 2R A SR A B DY AN I ALAE 1SS PRy b EREE, A IR A 45 s 4 AT IE A
A R TR 5 20 R I LD 3R R SR o RT3 0 (6 1SS PP i e, 25 A et 2 (P < 0.05); A[F
KRB0 JB B AR B IR AESE LR, B UANR & B B AP IE N SCE 2, AR
HEHiHE R P < 0.05); AFRFHRGRAUEH A GIIRBR. IR, RIERT . BGEIRT R R
A IEmf 1A B, 225 e gt (P > 0.05).

Table 7. Comparison of ISS scores and comorbidities among subgroups of patients with acute indirect liver injury
7. AR B E WA ETE 1SS 1T REH IR FRIELER

Eizgan AL (16 )  RRAAMAY(LT ) AHZEERAY(28 f) TRA (20 1) P1H
1SS -5 22 (19, 25.75) 22 (19, 26) 18.5(15.5,20.75) 18 (16.5, 24.25) 0.004"
I
Ji iR 2 2 (8.3%) 2 (8.3%) 3 (12.5%) 4 (16.7%) 0.746
i s IR e 3(8.8%) 5 (14.7%) 12 (35.3%) 6 (17.6%) 0.07
R AEAR 5 7 (18.4%) 5 (13.2%) 5 (13.2%) 3 (7.9%) 0.054
TR 1 (2%) 5 (9.8%) 11 (21.6%) 10 (19.6%) 0.074
g 2ng 2 (2.6%) 6 (7.9%) 16 (21.1%) 16 (21.1%) 0.001"
PR3 24 T B ] 0.068
8 h AR IE 2 (3.4%) 2 (3.4%) 4 (6.8%) 7 (11.9%)
8h W4 Ik 14 (8.9%) 14 (8.9%) 24 (15.3%) 13 (8.3%)

E: "“FRP<0.05.
5. Wig

P45 7 B VF 23 (1SS) 2 Bt P VE 43 B FH ) V2 [7], MR 2 P A 5 B0 4 7™ B R FE AP AEAH DI VR 2 |
G, 1SS SMEX % KN 4 B HAI(1SS < 9), F17A(9<ISS < 16). ZHAI(16 <ISS < 25), fEHEA(ISS >
25) [8]; A FCH A M T3 %5 = 35 P33 1SS 1743 20 (17, 24), JERFH15 334 1SS ¥4 M 16 (14, 19),
PIAAFAE R GE 1T 25 22 7:(P < 0.05) o ARBFFLKRIN, 2 R0 VeI B3 P IR [R] D 19 (15, 24)K.,
AERF 10 BB TR BE I (R 14 (10, 18)K, WidllAlZE RAAE R Stil24 2% (P < 0.05). % LTk, £
KA G SRR R R i AEBE RIBEA, 1SS VR B Ry, 1SS VP43 LA 40 it 22 R0 R 240 i 28 453
iR, 1SS WM LAHA Z A AR A BRI A, HALEEaT A E 2.

Z RN IR MRS, 2385 H U™ 5 IR K BAA[9], B 2k ML PEAR B 32 BER BN G A 1L
BRI, XD ATk, R T R R R, AT P 8 B 2w [10]. fEBI 12k
MR SO 28 B 3 R B FE o, B AR A Ra S TR B EAE A, T 5 2 2R [11] . HFRE
T AR R T SRS A E B, HEI T REYIMEG. 2R 0 E Atk EEd, R
A0SR N [T Pe B  e S R e A R A e v P B N 1 s T B s e RS R e i e iRt N v
M. AR, SYERFRIABCSAR T IER A, 0% 3 FloR, ARTerE 8 /NI R4 IE
RAE BRI ANBURIR TOTE 8 /NI A TE# R AR5 B35 10 4.4 5. BRI R ITE s 6147 f5 2k
MRS B E R, R IR, 0 E I 75 5 [ Ao 2 7 3 U S U T e AR A 1 00 [12], 6 A it af. -
PR AR — BT, SRR R4, B R AT D Re i — 20 N R [13].
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B A NAR S K R0 R B B R ABAEE, SR AU [R) SR A2 o ke 1 38— B e, T A )
R R R S S 28 B B PRI P R AN 98 1k IR FR 28 I By 2R [14]. PRI g s 3 T 18 I T RS B e R
SEAE LN E R, SRR [15]. 2R R SWER, G IR R TN 2 kA4 B
RA BN AR S S R R 36 s A 5 G145 & I R s I e (1 8 5 36 191, FLrb itk AT 19 4. 28 451,
5 77.7%, AERFIRAL 8 4, (5 22.3%. & IR ISR G AT R 2 R A a4 AR RS A R A A £ R
% 8.853 f%(OR = 8.853, 95% Cl: 3.797~20.644). Wi 7 i, £ KA )G ST & e s e 1 i
DARRZL R BARA B 0 32 SRR R & IR s g ) 3, L0 0 2 B DUJH 40 i 28 fE 41
FAONE . BT 2 kGRS, NEITIRETFAR, @ se B piE b, s iE g S
[ H WS TE R, 3 LA R S A A%

X2 R0 B, BAERRGIT R AMRIIFER, WEIEIRRIENRE. ZRESN, &Ik
S TN AR ST 2 R A e R AR S AR ST FE G TR 2R . ARSI LR I I e B B R AR 2
A5 B R 2 AR T A5 4% 3 1) 2.683 £%(OR = 2.683, 95% ClI: 1.504~4.787). 1% 7 ffin, £ KkAJa K KE
i S SR 7 DU AT 3 BRI A B0 N s R IERIRERRE I S s S5, LA 2 2
DAFAH AR AAE LT 3R B 3 o AL BB, PR R I Y Ptk e, G R e A 5 9ORE IR PRI
DRI A O B 1 P 5 25 1T DA 3 S At R AR BRI, A SRR BB AR o 2R3 o 4 R P4 3 K
KA, BB 5 KITIEThRER I . WEE R4 5 0045 i B REAT SR X T d5[16], B2 H Bk A E
FHORIFT, INE B, SFEOREREE— D RE, &R RN A[17].

6. &

RMIMEZ, Z2RGESVEFSGRSLGER N R A RoE A BN GIFEMERERG. KEEE. =
FA MM, FLTI 2 kA s R AR A i 2 R T By 0.57. 0.649. 0.614. 0.732, — 3
BRA R 28 IR T 0.7, AR TR TE . BERIGK TAE#TEZ KRR R0aH, Rikgy
TEARDE, BRI IR, G R EERE 1) A AR BARRRIG T IR BEAE , A2 8 b0 22 R A0 I M JFF L0 () SR BB T

SE K
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