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[Abstract] Objective Based on prospectively collected early clinical and laboratory data from trauma patients at
admission, a risk prediction model for the early assessment of trauma-induced coagulopathy (TIC) in emergency trauma
patients was constructed and validated. Methods This study analyzed the clinical data and laboratory results of 285
emergency trauma patients admitted between January 2024 and December 2024. The patients were randomly divided into
a training set (n = 199) and a test set (n = 86) ata 7 : 3 ratio. Univariate and multivariate logistic regression analyses were

performed to identify independent predictors of TIC and to construct a risk prediction model. The diagnostic efficacy of
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the model was evaluated by the area under the receiver operating characteristic curve (AUC). The calibration curve was

plotted using the Bootstrap method to assess calibration, and the clinical net benefit was evaluated by decision curve

analysis (DCA). Results Multivariate logistic regression analysis identified head trauma, mean arterial pressure (MAP),

prothrombin time (PT), and thrombin time (TT) as independent predictors of TIC, and a predictive model was
developed. The AUC of the model was 0.804 (95% CI: 0.737-0.871) in the training set and 0.847 (95% CI: 0.767-0.927) in

the test set. The calibration curve showed a high level of agreement between the predicted and actual probabilities. DCA

indicated that the model provided significant clinical net benefit across a broad range of risk thresholds (0.2-1.0).

Conclusion This study developed and validated a TIC risk prediction model that demonstrated excellent early

predictive efficacy for TIC in emergency trauma patients.
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Table1 Comparison of clinical data between the TIC group and the non-TIC group within the training set

Clinic data TIC (n = 72) Non-TIC (1 = 127) tly'lz P
Sex/case (%) 0.032 0.858

Male 53 (73.6) 92 (72.4)

Female 19 (26.4) 35 (27.6)
Age/yr., M (P, P, 51.5 (39.3, 60.0) 54.0 (41.0, 64.0) —0.983 0.326
Diabetes/case (%) 9(12.5) 9(7.1) 1.637 0.201
Hypertension/case (%) 10 (13.9) 23 (18.1) 0.592 0.442
Heart rate/min”~"', M (P, P;,) 84.5(72.3,97.2) 85.0 (75.0, 95.0) —0.195 0.846
Oxygen saturation/%, M (P, P,.) 99.0 (96.0, 99.0) 98.0 (97.0, 99.0) —0.121 0.904
Mean arterial pressure/mmHg, M (P, P.;) 92.7 (83.4,101.6) 96.9 (88.0, 109.0) —2.409 0.016
Trauma score (M [P,,, P,])

TI 10.0 (7.3, 13.8) 9.0 (6.0, 11.0) —2.732 0.006

GCS 14.5 (10.0, 15.0) 15.0 (15.0, 15.0) —4.038 <0.001

1SS 16.5 (10.8, 24.0) 13.0 (9.0, 17.0) —3.762 <0.001

AlS 3.0 (3.0, 4.0) 3.0 (3.0, 3.0) —3.894 <0.001
Causes of trauma/case (%)

Traffic accident 42 (58.3) 66 (52.0) 0.750 0.386

Falling from a height 27 (37.5) 46 (36.2) 0.032 0.857

Sharp instrument stab wound 1(1.4) 5(3.9) 0.335 0.563

Violent attack 0(0.0) 1(0.8) 1.000

Other 2(2.8) 7 (5.5) 0.288 0.591
Trauma site/case (%)

Head and neck 50 (69.4) 50 (39.4) 16.624 <0.001

Chest 42 (58.3) 52 (40.9) 5.574 0.018

Abdomen/Pelvis 19 (26.4) 28 (22.0) 0.480 0.488

Limbs 27 (37.5) 50 (39.4) 0.068 0.795
PT/s, M (P, P,.) 12.9 (11.7, 14.5) 11.9 (10.8,12.7) —4.717 <0.001
PT-INR (M [P,,, P..]) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1) —5319 <0.001
PT% (M [P., P,.]) 85.6 (73.6, 100.4) 97.8 (86.7, 109.3) —4.479 <0.001
APTT/s, M (P,s, P.s) 27.0(23.2,31.4) 24.5(22.7,26.3) —3.556 <0.001
TT/s, M (P,s, P, 15.5 (13.2, 18.5) 14.7 (12.4, 16.9) —2.148 0.032
FIB/(g/L), M (P, P,;) 1.7 (1.6, 1.9) 2.5(2.2,3.0) —10.453 <0.001
DD/(mg/L), M (P,,, P,.) 3186.0 (197.8, 8863.8) 2062.0 (140.0, 7200.7) —1.409 0.159
FDP/(mg/L), M (P, Pss) 71.8 (26.3, 114.3) 0.5 (32.7, 128.8) —0.635 0.525
AT-3/%, M (P,,, P,.) 98.5 (89.8, 103.6) 99.6 (92.9, 104.0) —1.335 0.182
White blood cells/(x 10° L"), M (P,, P,,) 12.0 (8.5, 16.3) 10.8 (8.9, 14.2) —1.123 0.261
Neutrophils/(x 10’ L™"), M (P, P,.) 8.0 (5.6, 13.0) 8.0 (5.6, 12.1) —0.517 0.605
Lymphocyte/(x 10°L™"), M (P, P.,) 2.3(14,3.5) 1.9 (1.1,3.0) —1.237 0216
Platelet/(x 10" L™"), M (P, P,;) 196.5 (156.3, 227.3) 230.0 (184.0, 273.0) —3.763 <0.001
Hemoglobin/(g/L), M (P, P.;) 135.0 (119.5, 147.0) 138.0 (126.0, 150.0) —1.457 0.145
CRP/(mg/L), M (P,, P,;) 5.1(0.5, 16.9) 7.1 (0.9, 17.6) —0.660 0.509
PH (M [Py, P]) 7.3(7.3,7.4) 7.4(7.3,7.4) —3.607 <0.001
BE/(mmol/L), M (P,,, P,.) —4.4(—69, —2.6) —2.9(—5.0, —0.5) —3.772 <0.001
Lactic acid/(mmol/L), M (P,,, P,.) 5.4(3.9,6.9) 4.1(2.2,5.9) —3.488 <0.001

M: median; TI: trauma index; GCS: Glasgow Coma Scale; ISS: injury severity score; AIS: abbreviated injury scale; PT: prothrombin time; PT-INR:

prothrombin time-international normalized ratio; PT%: prothrombin time activity (percentage); APTT: activated partial thromboplastin time; TT: thrombin
time; FIB: fibrinogen; DD: D-dimer; FDP: fibrin degradation products; AT-3: antithrombin Ill; CRP: C-reactive protein; BE: base excess. 1 mmHg = 0.133 kPa.
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Table 2 Multivariate logistic regression analysis was conducted between

the TIC group and the non-TIC group

Predictive factor B SE  Wald P OR 95% CI

HNT 1.335 0.369 13.062 <0.001 3.798 1.842-7.833
MAP’ —0.021 0.012 3.159 0.076 0.979 0.956-1.002
PT 0.726 0.139 27.105 <0.001 2.066 1.572-2.715
TT 0.254 0.071 12.669 <0.001 1.289 1.121-1.482

HNT: head and neck trauma; MAP: mean arterial pressure; PT:
prothrombin time; TT: thrombin time; SE: standard error; OR: odds ratio.
! Stepwise regression showed that MAP was not statistically significant, but
this indicator was retained based on the practical application value of the
model. After including the variable MAP, the AUC value of the model
increased from 0.799 to 0.804, and the calibration of the model improved.
The Hosmer-Lemeshow test changed from P < 0.05 (poor model fit) to P
> 0.05 (good model fit).
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Fig 1 The ROC curves of the TIC risk prediction models for the training
set and the test set

AUC: area under the curve. Training set: n = 199; test set: n = 86.
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Fig 2 Nomogram of the TIC risk prediction model

HNT: head and neck trauma; MAP: mean arterial pressure; PT: prothrombin time; TT: thrombin time; TIC: trauma-induced coagulopathy. 1 mmHg = 0.133 kPa.
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Fig 3 Calibration curve of the TIC risk prediction model

Calibration curves of the TIC risk prediction model for the training set (A) and for the test set (B). The calibration curve (dashed line) represents the performance of

the model on the original data, while the calibration curve after 1000 bootstrap resamplings (solid line) represents the corrected performance of the model.
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Fig 4 Decision curve analysis of the TIC risk prediction model

Decision curve analysis (DCA) of the trauma-induced coagulopathy (TIC) risk prediction model for the training set (A) and for the test set (B). The X-axis represents

the high-risk threshold, and the Y-axis represents the standardized net benefit. The horizontal black line (None) represents the assumption that all patients do not receive

treatment, while the gray line (All) represents the assumption that all patients receive treatment. The red line indicates the clinical net benefit of the model.
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