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Objective: This study aimed to evaluate the distribution spectrum and epidemiological characteristics associated with post-traumatic
sepsis and to identify associated risk factors.

Methods: This retrospective study analyzed data from 722 patients with traumatic injuries admitted to the Emergency Department of the
Hebei Medical University Third Hospital between January 1, 2021, and November 30, 2023. Participants were categorized into two groups:
those who developed sepsis and those who did not. Patients diagnosed with sepsis were further categorized into survival and non-survival
subgroups. Patient demographics, injury characteristics, and clinical variables were collected. Sepsis occurrence was assessed within the first
week post-injury. Multivariate logistic regression analysis was performed to identify independent risk factors for post-traumatic sepsis.
Results: Among 722 trauma patients, 189 developed sepsis. In the sepsis cohort, injuries were mainly from traffic accidents (54.5%), falls
from heights (17.46%), crush injuries (13.76%), and falls/collisions (11.64%). In contrast, non-sepsis cases (n=533) were predominantly due
to falls/collisions (43.15%) and traffic accidents (36.02%). Pulmonary infection was the leading site in both survivors (95.62%) and non-
survivors (100%), with some patients presenting multiple infection sites. A predictive model for post-traumatic sepsis, incorporating 10
variables such as hospitalization length and injury site number, achieved excellent performance (AUROC 0.998). A sepsis mortality model,
based on five variables including age and injury sites, also showed high accuracy (AUROC 0.969).

Conclusion: Traffic accidents were the primary cause of post-traumatic sepsis. Key risk factors included injury severity, CRP level,
and hospitalization duration. Independent predictors of 28-day mortality included age, organ failure score, and vasoactive drug use.
Keywords: epidemiological characteristics, ISS, post-traumatic sepsis, predictive modelling, risk factor, receiver operating

characteristic curve, ROC curve, SOFA score

Introduction

Trauma represents a significant global health challenge, particularly affecting individuals in young and middle adulthood.
In the United States, trauma is the leading cause of mortality among individuals under 45 years of age, accounting for
over half of all deaths within this demographic and resulting in an estimated annual economic burden of up to
$600 billion." The severity of trauma lies in its association with high rates of disability, mortality, and disease burden.
Despite advancements in medical technology and management, including early hemorrhage control, which has improved
survival, approximately two-thirds of patients with severe trauma continue to succumb to secondary complications.
Although the restoration of blood pressure is crucial, the subsequent trauma-induced systemic inflammatory response can
result in functional impairment of multiple organs. This dysfunction may be exacerbated by concurrent infections, often
resulting in adverse outcomes, including death.’
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With the evolution of modern medicine, the management of patients with traumatic injuries has become increasingly
systematic and standardized, contributing to improved survival rates in patients with severe trauma.® Once stabilized,
these patients are typically transferred to the intensive care unit for ongoing treatment. However, during this phase, they
remain at risk for complications such as sepsis, septic shock, and multiorgan failure. In healthcare systems with advanced
diagnostic capabilities and access to life -sustaining interventions, the incidence of direct trauma-related deaths has
declined. However, the incidence of mortality related to trauma-associated complications remains substantial, with post-
traumatic sepsis emerging as one of the most prevalent and critical complications.*®

Post-traumatic sepsis constitutes a leading cause of death in individuals with traumatic injuries.” The incidence rate of post
- traumatic sepsis can reach up to 10% among patients with severe trauma, and its mortality rate cannot be ignored. According
to multiple studies, the case - fatality rate of trauma - related sepsis is close to 30%.® A retrospective analysis conducted by
Wafaisade et al in Germany, involving 29,829 individuals with polytrauma reported that approximately 10% developed sepsis
during hospitalization.® The infection risk among trauma patients stems from the disruption of mechanical barriers, the
invasion of external bacteria, local wound factors, and invasive diagnostic and therapeutic procedures. The pathogenesis of
sepsis involves multiple factors, including wound contamination, invasive surgical procedures, massive blood transfusion,
tissue ischemia - reperfusion, mechanical ventilation, and immune system disorders.” The onset of post-traumatic sepsis
exhibits considerable heterogeneity, and a uniform timeline for its occurrence has not been definitively established. The
coexistence of trauma and sepsis gives rise to complex pathophysiological mechanisms, necessitating ongoing research
focused on early identification and optimized therapeutic approaches. Several predictive tools have been proposed for sepsis
risk assessment, such as the Sequential Organ Failure Assessment (SOFA) score, the quick SOFA (qSOFA), and other clinical
prediction models. However, these tools were primarily designed for general sepsis populations and may have limited
applicability to trauma-specific settings. Importantly, only a few models have been tailored to post-traumatic sepsis, and
their predictive accuracy and external validation remain limited. Moreover, the incidence of trauma-related sepsis demon-
strates substantial global variability, ranging from approximately [10.2%] in high-income countries to over [26.9%] in certain
low- and middle- income regions.®'® Such differences reflect disparities in trauma epidemiology, healthcare resources, and
infection control practices, underscoring the need for context-specific data and predictive approaches.

Against this background, our study aimed to investigate the epidemiology and risk factors of post-traumatic sepsis in
adult patients and to develop a predictive model that integrates demographic, clinical, laboratory, and interventional data.
By addressing the limitations of existing tools, this work seeks to provide new insights into the early identification of
high-risk trauma patients and contribute to improved prevention and management strategies.

Methods

Study Participants

Patients admitted to the Emergency Department of the Hebei Medical University Third Hospital between January 1,
2021, and November 30, 2023, were selected for inclusion in the study. A total of 722 patients met the eligibility criteria
and were enrolled. According to the Sepsis 3.0 diagnostic criteria, patients who developed sepsis within one week
following trauma were assigned to the sepsis group, while those who did not were categorized into the non-sepsis group.
Among patients in the sepsis group, those who died within 28 days of the sepsis diagnosis were classified into the non-
surviving group, while those who survived beyond this period were included in the surviving group.

This study was approved by the Ethics Committee of the Hebei Medical University Third Hospital (Approval No.
W2022-044-1). All data were de-identified prior to analysis to protect patient confidentiality. As this was a retrospective
study using existing medical records, the requirement for informed consent was waived in accordance with the
Declaration of Helsinki and its amendments.

Inclusion Criteria
1. Patients meeting the following criteria were included:
2. Admission to the Emergency Department of the Hebei Medical University Third Hospital for trauma due to
mechanical injury between January 1, 2021, and November 30, 2023.
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3. Aged between 18 and 75 years.
4. No signs or suspicion of infection prior to trauma.
5. Admitted within one week of injury.

Exclusion Criteria
Patients were excluded if they met any of the following:

. Aged below 18 or above 75 years.

. Evidence or suspicion of pre-trauma infection.

. Preexisting immune dysfunction (eg, malignancy, AIDS, tuberculosis, or recent immunotherapy).
. End-stage hepatic or renal failure.

wn AW N =

. Incomplete clinical data (>20% missing).

Diagnostic Criteria
Sepsis was diagnosed in patients with confirmed or suspected infection if the SOFA score increased by >2 points from baseline."'

Definition of Infection

Infection types were categorized according to the International Sepsis Forum guidelines,'* including pulmonary, blood-
stream, endocardial, abdominal, urinary, catheter-associated, and skin/soft tissue infections. Hospital-related complica-
tions were considered as potential contributors.

Collection of Indicators

1. General Information: Age, sex, BMI, and comorbidities.

2. Vital Signs (within 24 hours of admission): Temperature, respiratory rate, heart rate, systolic and diastolic blood
pressure, and mean arterial pressure.

3. Laboratory Tests (within 24 hours): Routine blood work, liver and kidney function, coagulation, blood gases, and
inflammatory markers.

4. Scoring Systems (within 24 hours): GCS, APACHE II, SOFA, and ISS scores.

5. Trauma, Infection, and Organ Dysfunction During Hospitalization:

1) Injury sites (head/neck, face, chest, abdomen, limbs, body surface)

2) Infection sites (lung, abdomen, blood, urinary tract, nervous system, bone/soft tissue)

3) Organ dysfunction (respiratory, cardiac, hepatic, renal, circulatory)

4) Number of infections and organ failures

6. Treatment During Hospitalization: Surgery, mechanical ventilation, CRRT, anti-infective therapy, blood transfu-
sion, vasoactive drugs, and invasive procedures.

Statistical Methods

Statistical analysis was performed using SPSS version 21.0. Continuous variables were expressed as medians with
interquartile ranges [M (QL, QU)], and categorical variables as frequencies and percentages (%). The rank-sum test was
used for continuous variables, and the chi-square test for categorical variables. Variables with P < 0.05 in univariate
analysis were entered into multivariate logistic regression to develop predictive models. Model performance was
evaluated using receiver operating characteristic (ROC) curves, and the area under the ROC curve (AUC) was calculated.
We reported odds ratios (OR = exp(P)) with 95% confidence intervals (Cls) from logistic regression.

Missing values in key clinical predictors were addressed using multiple imputation by chained equations (MICE)
under a missing-at-random assumption. Imputation models included all variables used in the multivariable analyses and
clinically plausible auxiliary variables; the outcome was not imputed. Continuous variables were imputed using
predictive mean matching, binary variables using logistic regression, and ordinal variables using proportional-odds
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models. If transformations were used, variables were imputed on the analysis scale with passive back-transformation. We
generated m = 20 imputed datasets and combined estimates using Rubin’s rules. Pooled MI estimates are reported as the
primary results.

This analysis represents model development. We did not perform internal resampling (eg, bootstrap or cross-
validation) or external validation due to resource constraints. Therefore, discrimination is reported as the apparent

AUC in the development dataset. Calibration and external transportability require assessment in future studies.

Results

Epidemiological Characteristics of Patients with Trauma and Risk Factors

Baseline Characteristics

Baseline demographic and clinical characteristics are summarized in Table 1. The cohort included 722 patients, 513 (71.05%)
were male. The median age in the sepsis group was 55.5 years (interquartile range [IQR]: 46-65). The leading causes of
trauma were [traffic accidents (40.86%), Collisions (34.90%), falls (12.33%)]. The overall incidence of post-traumatic sepsis
was [26.18%]. Patients who developed sepsis tended to have more severe injuries compared with those without sepsis.

Table | Comparison of Baseline Demographic and Clinical Characteristics Between the Sepsis
Group and the Non-Sepsis Group

Has it Progressed to Sepsis No Yes P-value
Age (year, M [QL, Qu]) 48.00 (36.00, 58.00) 55.50 (46.00, 65.00) <0.001
Male (n, %) 338 (66%) 175 (34%) 0.041
Female (n, %) 154 (74%) 55 (26%) 0.041
Duration of hospitalization (d, M [QL, Qu]) 9.00 (7.00, 13.00) 27.50 (16.00, 37.50) <0.001
BMI (M [QL, Qu]) 24.975 (22.490, 27.680) | 25.090 (22.835, 27.680) 0.45
Comorbidity

Coronary heart disease (n, %) 13 (50%) 13 (50%) 0.043
Hypertension (n, %) 85 (53%) 76 (47%) <0.001
Diabetes (n, %) 55 (73%) 20 (27%) 0.308
Cerebral infarction (n, %) 20 (67%) 10 (33%) 0.859
Chronic liver disease (n, %) 7 (54%) 6 (46%) 0.366
Respiratory system Disorders (n, %) 7 (64%) 4 (36%) 0.75
Other conditions (n, %) Il (65%) 6 (35%) 0.758
Scoring systems

ISS (point, M [QL, Qu]) 8.00 (4.00, 14.00) 34.00 (25.00, 41.00) <0.001
GCS (point, M [QL, Qu]) 15.00 (15.00, 15.00) 7.00 (4.75, 15.00) <0.001
APACHE Il (point, M [QL, Qu]) 3.00 (1.00, 6.00) 16.00 (12.00, 20.25) <0.001
SOFA (point, M [QL, Qu]) 6.00 (4.00, 9.00) 15.00 (10.25, 16.00) <0.001
Vital signs

T (°C, M [QL, Qu]) 36.50 (36.40, 36.70) 36.60 (36.30, 37.00) 0.003
R (bpm, M [QL, Qu]) 19 (15,20) 20 (16, 23) <0.001
HR (bpm, M [QL, Qu]) 82.00 (75.00, 93.00) 90.00 (79.75, 103.25) <0.001
SBP (mmHg, M [QL, Qu]) 130.00 (120.00, 141.75) | 129.00 (112.00, 146.25) 0.259
DBP (mmHg, M [QL, Qu]) 82 (76, 90) 76 (67, 87) <0.001
MAP (mmHg, M [QL, Qu]) 98.00 (91.25, 107.00) 95.00 (83.00, 106.00) <0.001
Number of injured areas (n, M [QL, Qu]) 1 (1, 2) 33,4 <0.001
Traffic accident (n, %) 192 (65.08%) 103 (34.92%) <0.001
Collisions (n, %) 230 (91.27%) 22 (8.73%) <0.001
Falling (n, %) 56 (62.92%) 33 (37.08%) 0.017
Compression (n, %) 41 (61.19%) 26 (38.81%) 0.02
Other injury mechanisms (n, %) 14 (73.68%) 5 (26.32%) |
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Laboratory and Interventional Data

Laboratory and interventional findings are presented in Table 2. Patients with sepsis exhibited significantly higher
inflammatory markers (eg, [WBC, CRP]) and prolonged prothrombin time (PT) compared with non-septic patients.
Invasive interventions, including [eg Emergency surgery, mechanical ventilation, blood transfusion], were more fre-
quently performed in the sepsis group. These hospital-related complications contributed to the increased risk of infection
during hospitalization.

Table 2 Comparison of Laboratory and Interventional Findings Between the Sepsis Group and the Non-Sepsis

Group

Has it Progressed to Sepsis No Yes P-value
WBC (x10°/L) 8.615 (7.130,10.590) 10.245 (7.253,13.230) <0.001
NEUT (x10°/L) 6.660 (5.080,8.353) 8.685 (6.203,11.670) <0.001
LYM (x10°/L) 1.280 (0.923,1.718) 0.700 (0.505,0.990) <0.001
HGB (g/L) 124.00 (106.00, 1 38.00) 98.00 (85.00,114.25) <0.001
HCT (%) 36.55 (31.30,40.20) 28.50 (24.50,33.37) <0.001
PLT (x107/L) 192.00 (151.00,237.75) 113.00 (80.00,169.00) <0.001
PCT (ng/mL) 0.308 (0.102,0.991) 2.280 (1.081,4.117) <0.001
CRP (mg/L) 27.925 (12.310,55.500) | 126.750 (57.183,223.158) | <0.001
ALB (g/L) 38.505 (34.140,42.000) | 29.905 (24.630,33.803) <0.001
ALT (U/L) 22.00 (16.00,34.00) 39.50 (24.00,75.75) <0.001
AST (U/L) 27.00 (20.00,40.75) 64.50 (35.75,136.75) <0.001
TBIL (mol/L) 17.085 (13.233,23.325) 16.515 (11.575,23.313) 0.072
DBIL (umol/L) 3.910 (2.600,5.888) 4.475 (2.995,7.008) 0.058
IBIL (umol/L) 12.835 (9.315,18.000) I'1.165 (7.300,17.000) 0.001
CK (U/L) 303.00 (131.00,808.50) | 1538.00 (655.00,3671.50) | <0.001
NA (mmol/L) 138.60 (137.00,140.10) 140.00 (137.90,143.00) <0.001
K (mmol/L) 3.810 (3.603,4.040) 3.905 (3.578,4.240) 0.005
GLU (mmol/L) 6.350 (5.670,7.705) 7.925 (6.868,9.350) <0.001
UREA (mmol/L) 4.800 (3.830,6.180) 7.290 (5.528,9.873) <0.001
CREA (mmol/L) 61.895 (53.008,71.943) | 71.415 (56.218,103.720) <0.001
CA (mmol/L) 2.150 (2.040,2.248) 1.920 (1.768,2.040) <0.001
P (mmol/L) 1.170 (1.000,1.320) 1.040 (0.858,1.320) <0.001
PT (s) 13.80 (13.20,14.40) 14.70 (13.40,16.20) <0.001
INR 1.070 (1.020,1.158) 1.185 (1.090,1.323) <0.001
FIB (g/L) 3.040 (2.530,3.650) 2.910 (1.998,3.905) 0.074
APTT (s) 34.545 (31.525,37.975) 34.700 (30.050,41.400) 0.853
D-Dimmer (pg/mL) 2.130 (1.010,5.360) 7.380 (3.145,15.935) <0.001
Administration of vasodilator drugs (n, %) 68 (65%) 37 (35%) 0.421
Emergency surgery (n, %) 50 (40%) 76 (60%) <0.001
Mechanical ventilation therapy (n, %) 140 (64%) 78 (36%) 0.137
Duration of mechanical ventilation (h, M [QL, Qu]) 0.00 (0.00,48.00) 0.00 (0.00,91.25) <0.001
Transfusion therapy (n, %) 112 (36%) 195 (64%) <0.001
Volume of red blood cell transfusion (u, M [QL, Qu]) 0 (0,0) 10 (4,20) <0.001
Antibiotic therapy (n, %) 388 (67%) 187 (33%) 0.448
CRRT (n, %) 4 (12.5%) 28 (87.5%) <0.001
Duration of CRRT (h, [QL, Qu]) 0 (0,0 0 (0,0 <0.001
Tractive therapy (n, %) 21 (52.5%) 19 (47.5%) 0.029
Thoracoabdominal drainage (n, %) 8 (16%) 43 (84%) <0.001
Pulmonary lavage (n, %) 0 30 (100%) <0.001
Tracheostomy (n, %) 0 68 (100%) <0.001
Other interventions (n, %) 2 (20%) 8 (80%) 0.001
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Risk Factor Analysis

All effect estimates and inference reported below are pooled across the imputed datasets using Rubin’s rules. In
univariate analysis, several variables were significantly associated with post-traumatic sepsis, including [length of
hospitalization, number of injury sites, ISS, GCS, neutrophil count, CRP, creatine kinas, CRRT treatment, duration of
CRRT, tracheotomy treatment]. After adjustment in multivariate logistic regression, [length of hospitalization, number of
injury sites, ISS, GCS, NEUT, CRP, creatine kinase, Na, and duration of CRRT] remained independent predictors of
sepsis (all P < 0.05), as presented in Table 3.

To our knowledge, this study is among the first to integrate demographic, clinical, laboratory, and interventional
variables in a single model to identify independent risk factors for post-traumatic sepsis. ISS and GCS were retained
without indications of problematic collinearity.

Based on these findings, the following risk prediction model was constructed: logit (P)=0.223X1+2.804X2+0.069X3-
0.312X4+0.177X5+0.017X6+0.293X8-2.952X9+0.072X10+21.586X11-53.358.

ROC Curve Analysis of the Post-Traumatic Sepsis Risk Prediction Model

The predictive performance of the constructed post-traumatic sepsis risk model was evaluated using ROC curve analysis.
The following performance relates to the development dataset. The apparent AUC was 0.998, reflecting high discrimina-
tion in the development dataset. Given the absence of internal/external validation, clinical application should be cautious
until validated (Figure 1).

Epidemiologic Characteristics and Risk Factors for Mortality in Patients with
Post-Traumatic Sepsis
Baseline Characteristics Between Surviving and Non-Surviving Patients
Baseline demographic and clinical characteristics are summarized in Table 4. Patients who developed post-traumatic sepsis
were generally older, had more injury sites, and exhibited higher severity scores (ISS, APACHE II, SOFA) compared with
non-septic patients (P < 0.05). Among septic patients, non-survivors demonstrated significantly higher APACHE II and SOFA
scores, lower admission blood pressure, and more frequent multi-organ dysfunction than survivors.

The onset of post-traumatic sepsis predominantly occurred within the first three days following trauma. Specifically,
sepsis occurred on the day of injury in 13 cases (6.88%), on the first day post-injury in 61 cases (32.28%), on the second
day in 40 cases (21.16%), and on the third day in 28 cases (14.81%), as illustrated in Figure 2.

Table 3 Multivariate Logistic Regression Analysis of Risk Factors Associated with the Risk of Developing Post-Traumatic Sepsis

Item i) S.E. Wals | df | p-value OR/Exp(B) 95% Confidence Interval for Exponent §
Lower Limit Upper Limit

Duration of hospitalization (X) 0.223 0.049 20.881 | 0 1.249 1.136 1.375
Number of injured areas (X,) 2.804 0.529 28.085 | | 0 16.505 5.852 46.551

ISS (X3) 0.069 0.026 6.8l1 | 0.009 1.071 1.017 1.128
GCS (X4) -0.312 0.090 11.959 | | 0.001 0.732 0.614 0.874
NEUT (x10%/L) (Xs) 0.177 0.079 5.049 | 0.025 1.193 1.023 1.392
CRP (Xe) 0.017 0.005 9.365 | 0.002 1.017 1.006 1.028

CK (X7) 0 0 8.142 | 0.004 | | |

Na (Xs) 0.293 0.097 9.054 | 0.003 1.340 1.108 1.622
CRRT (Xs) —2.952 1.562 3.575 | 0.059 0.052 0.002 1.114
Duration of CRRT (X)) 0.072 0.023 9.410 | 0.002 1.074 1.026 1.126
Tracheostomy (X, ) 21.586 | 3318213 0 | 0.995 2,370,797,781 0 0
Constant —53.358 14.928 12775 | | 0 0 0 0

Notes: 1) All effect sizes are odds ratios (OR = exp(f3)) with 95% confidence intervals on the odds scale. 2) Large ORs and/or wide Cls for low-prevalence predictors
(eg, tracheostomy, CRRT) reflect data sparsity rather than computational error.
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Figure | Model discrimination in the development dataset: (a) ROC curve; (b) discrimination metrics (apparent performance: AUC 0.998, 95% CI 0.996—1.000).

Laboratory and Interventional Data Between Surviving and Non-Surviving Patients
Laboratory and treatment-related data are presented in Table 5. Compared with survivors, non-survivors had higher CRP, sodium,
and lactate levels. Interventional measures such as mechanical ventilation, vasoactive drug administration, and continuous renal

replacement therapy (CRRT) were significantly more frequent in the sepsis group, particularly among non-survivors.

Table 4 Baseline Demographic and Clinical Characteristics of Patients with Post-Traumatic Sepsis
Between Survivors and Non-Survivors

Whether Death Occurred Within 28 Days No Yes P-value
Age (year, M [QL, Qu]) 54.00 (44.00,64.00) 58.50 (51.00,67.00) 0.013
Male (n, %) 105 (74%) 37 (26%) 0.436
Female (n, %) 32 (68%) 15 (32%) 0.436
Duration of hospitalization (d, M [QL, Qu]) 28.00 (19.50, 41.00) 28.00 (14.25, 34.00) 0.353
Scoring systems
ISS (point, M [QL, Qu]) 33.00 (25.00, 41.00) 35.50 (29.00, 41.00) 0.151
GCS (point, M [QL, Qu]) 7.00 (7.00, 15.00) 7.00 (3.00, 13.50) 0.052
APACHE Il (point, M [QL, Qu]) 15.00 (12.00, 20.00) 20.00 (15.25, 30.75) <0.001
SOFA (point, M [QL, Qu]) 6.00 (4.00, 9.00) 15.00 (10.25, 16.00) <0.001
Vital signs
T (°C, M [QL, Qu]) 37.00 (36.50, 37.70) 37.10 (36.60, 37.78) 0.65
R (bpm, M [QL, Qu]) 18.00 (15.00, 22.00) 18.00 (14.00, 21.75) 0.499
HR (bpm, M [QL, Qu]) 94.00 (78.50, 106.00) 98.50 (80.00, 110.00) 0.491
SBP (mmHg, M [QL, Qu]) 128.00 (112.50, 141.50) | 121.50 (108.50, 136.50) 0.041
DBP (mmHg, M [QL, Qu]) 74.00 (64.50, 82.00) 67.00 (62.25, 76.75) 0.022
MAP (mmHg, M [QL, Qu]) 91.67 (83.00, 101.84) 87.50 (76.92, 95.09) 0.015
Number of injured areas (n, M [QL, Qu]) 33,4 4 (4, 5) <0.001
Traffic accident (n, %) 78 (75.73%) 25 (24.27%) 0.353
Collisions (n, %) 13 (59.09%) 9 (40.91%) 0.214
Falling (n, %) 24 (72.73%) 9 (27.27%) |
Compression (n, %) 17 (65.38%) 9 (34.62%) 0.524
Other injury mechanisms (n, %) 5 (100%) 0 (0%) 0.374
Pulmonary infection (n, %) 131 (72%) 52 (28%) 0.125
Abdominal infection (n, %) 7 (64%) 4 (36%) 0.498
(Continued)
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Table 4 (Continued).

Whether Death Occurred Within 28 Days No Yes P-value
Urinary tract infection (n, %) 12 (80%) 3 (20%) 0.764
Bloodstream infection (n, %) 9 (82%) 2(18%) 0.73
Osteomyelitis and soft tissue infection (n, %) 33 (77%) 10 (23%) 0.477
Neurological infection (n, %) 4 (50%) 4 (50%) 0.146
Number of sites of infection (n, M [QL, Qu]) 1 (1,2) 1(1,2) 0.803
Respiratory failure (n, %) 135 (72%) 52 (28%) 0.381
Cardiac insufficiency (n, %) 5 (50%) 5 (50%) 0.102
Hepatic failure (n, %) 2 (67%) 1 (33%) |
Kidney Failure n, %) 15 (56%) 12 (44%) 0.033
Circulatory Failure (n, %) 56 (66%) 29 (34%) 0.066
Number of failing organs (n, M [QL, Qu]) (L) 1(1,2) 0.019
MODS (n, %) 61 (66%) 31 (34%) 0.064

Risk Factors for Mortality in Post-Traumatic Sepsis

Development of a Predictive Model for 28 Days Mortality

All effect estimates and inference reported below are pooled across the imputed datasets using Rubin’s rules. Multivariate

logistic regression analysis reveals that age, the number of injury sites, Sequential Organ Failure Assessment (SOFA)

score, C-reactive protein (CRP), and the use of vasoactive drugs are independent risk factors for the progression of

traumatic sepsis to death within 28 days, as shown in the Table 6. In the final multivariable models, SOFA was included

as the global severity score, while APACHE II was omitted to avoid redundancy/collinearity between global scores.
Based on these variables, the following logistic regression equation was derived: Logit (P) = 0.058X1 + 1.43X2 +

0.467X3 + 0.004X4 + 1.831X5-16.102.

Evaluation of the Post-Traumatic Sepsis Mortality Prediction Model Using ROC Curve Analysis

The predictive performance of the post-traumatic sepsis mortality risk model was evaluated using ROC curve analysis.
The apparent AUC was calculated to be 0.969, showing high apparent discrimination in the development dataset for 28-
day mortality. Detailed results are presented in Figure 3.

Discussion
In this study, we found that the incidence of post-traumatic sepsis among adult trauma patients was 26.18%. This
incidence is within the range reported in previous studies (10%—-30%), highlighting that sepsis remains a frequent and
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Figure 2 Schematic diagram of the onset time of post-traumatic sepsis.
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Table 5 Laboratory and Treatment-Related Data in Patients with Post-Traumatic Sepsis Between Survivors and Non-

Survivors

Whether Death Occurred Within 28 Days No Yes P-value
WBC (x10%/L) 9.650(7.120, 12.560) 9.530(7.340, 13.330) 0.686
NEUT (x10°/L) 8.410(6.020, 10.740) 8.500(6.400, 11.550) 0.593
LYM (x10°/L) 0.750(0.490, 1.080) 0.750(0.580, 1.090) 0.58
HGB (g/L) 98.000(86.500, 107.000) 96.000(85.075, 117.500) 0.497
HCT (%) 28.300(24.900, 31.300) 27.950(25.200, 34.650) 0.327
PLT (x10°/L) 116.000(77.000, 167.500) 130.500(76.250, 160.250) 0.809
PCT (ng/mL) 2.135(0.771, 3.865) 2.521(1.586, 4.379) 0.068
CRP (mg/L) 116.390(45.450, 187.370) 144.535(112.658, 263.015) 0.005
ALB (g/L) 31.340(27.615, 33.900) 30.375(26.763, 34.638) 0.652
ALT (U/L) 42.000(26.500, 71.000) 40.000(22.250, 64.000) 0.563
AST (U/L) 57.000(36.500, 127.000) 55.500(28.250, 112.750) 0.428
TBIL (umol/L) 18.070(12.800, 26.010) 16.260(12.675, 24.600) 0.266
DBIL (umol/L) 5.550(3.390, 8.920) 4.880(3.100, 7.860) 0.186
IBIL (umol/L) 11.780(8.270, 16.750) 11.320(7.500, 16.020) 0.543
CK (U/L) 1239.600(495.700, 3249.950) | 794.200(233.050, 2998.725) 0.231
NA (mmol/L) 139.400(137.000, 143.000) 141.540(138.250, 145.375) 0.018
K (mmol/L) 3.770(3.455, 4.160) 3.905(3.478, 4.353) 0.327
GLU (mmol/L) 7.840(6.755, 9.305) 8.695(7.275, 10.953) 0.075
UREA (mmol/L) 7.420(5.665,10.065) 9.050(6.020, 12.215) 0.073
CREA (mmol/L) 70.44(55.445, 93.185) 74.800(56.855, 114.693) 0.209
CA (mmol/L) 1.980(1.820, 2.100) 1.980(1.823, 2.080) 0.945
P (mmol/L) 0.920(0.675, 1.130) 0.985(0.778, 1.340) 0.121
PT (s) 15.400(14.250, 16.600) 15.500(14.700, 16.500) 0.747
INR 1.190(1.080, 1.290) 1.205(1.133, 1.305) 0.27
FIB (g/L) 3.610(2.315, 4.890) 3.250(2.400, 4.070) 0.458
APTT (s) 37.500(32.500, 42.100) 38.950(32.425, 43.025) 0.494
D-Dimmer (ug/mL) 6.730(2.795, 13.900) 7.845(3.308, 13.048) 0.782
FIO»(%) 50.000(35.000, 60.000) 43.000(35.000, 58.750) 0411
PH 7.410(7.370, 7.440) 7.405(7.360, 7.448) 0.515
PCO, (mmHg) 35.700(31.100, 42.300) 37.600(33.300, 46.725) 0.15
PO, (mmHg) 91.000(72.500, 113.500) 90.950(79.000, 124.750) 0.21
Lac (mmol/L) 1.300(0.800, 2.400) 2.500(1.800, 3.125) <0.001
HCO;~ (mmol/L) 23.300(20.300, 25.300) 23.500(21.425, 26.650) 0.186
BE (mmol/L) 1.000(—4.100, 1.800) 5.000(—3.700, 2.300) 0.796
Oxygenation index 208.890(135.000, 285.890) 219.695(160.500, 269.000) 0.393
Administration of vasodilator drugs (n, %) 31(42%) 42(58%) <0.001
Emergency surgery (n, %) 46(70%) 20(30%) 0.529
Mechanical ventilation therapy (n, %) 108(69%) 48(31%) 0.029
Duration of mechanical ventilation (h, M [QL, Qu]) 246.00(34.47,484.35) 206.59(119.70,440.25) 0.8
Transfusion therapy (n, %) 120(75%) 40(25%) 0.069
Volume of red blood cell transfusion (u, M [QL, Qu]) 10.00(6.00,21.00) 6.00(2.00,17.50) 0.109
Antibiotic therapy (n, %) 137(72%) 52(28%) 0.004
CRRT (n, %) 14(52%) 13 (48%) 0.01
Duration of CRRT (h, [QL, Qu]) 0(0,0) 0(0,0) 0.352
Tractive therapy (n, %) 12(71%) 5(29%) 0.784
Thoracoabdominal drainage (n, %) 30(86%) 5(14%) 0.52
Pulmonary lavage (n, %) 18(69%) 8(31%) 0.689
Tracheostomy (n, %) 43(73%) 16(27%) 0.935
Other interventions (n, %) 6(86%) 1(14%) 0.425
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Table 6 Logistic Regression Analysis of Risk Factors Associated with Death From Post-Traumatic Sepsis

Item B S.E. | Wals | df | Sig. | Exp(B) | 95% Confidence Interval for Exponent B
Lower Limit Upper Limit

Age (X)) 0.058 | 0.028 | 4.44 I | 0.035 1.06 1.004 1119

Number of injured areas (Xj) 1.430 0375 | 14513 | | 0 4.177 2.002 8715

SOFA (X3) 0.467 | 0.095 | 24411 | | 0 1.595 1.325 1.92

CRP (X4) 0.004 | 0.002 | 4.976 I | 0.026 1.004 1.001 1.008

Administration of vasodilator drugs (Xs) 1.831 634 8.346 I | 0.004 6.239 1.802 21.604

Constant —16.102 | 2.996 | 28.889 | | 0 0 0 0

life-threatening complication of major trauma.®”'? Compared with earlier reports, the incidence observed in our cohort
was slightly higher, which may be explained by differences in patient demographics, injury severity, treatment protocols,
or infection control measures across institutions. In the 1980s, Trunkey proposed the three-peak model of trauma-related
mortality, proposing that most trauma deaths occur at the scene of the incident. The primary causes of mortality in the
early phase include hemorrhagic shock resulting from severe brain injury or substantial blood loss following major
trauma.' In contrast, mortality associated with post-traumatic sepsis typically manifests at a later stage, characterized by
life-threatening organ dysfunction caused by infection-induced dysregulation of the physiological responses.'> During
this third peak of mortality, significant improvements in patient outcomes were achieved through advancements such as
prompt hemorrhage control, early fluid resuscitation, development of innovative antibiotic therapies, and comprehensive
support for vital organ function. Despite these advancements, survival outcomes for patients with post-traumatic
infections have not improved at a comparable rate.>>*°

The present study found that patients with post-traumatic sepsis were primarily between the ages of 46 and 65 years. This
finding differs from national and international epidemiological data, which generally indicate that post-traumatic sepsis
predominantly affects individuals aged 45 years or younger."'® Consistent with the findings of a Korean study, the present
analysis demonstrated that age is an independent risk factor for 28-day mortality in individuals with post-traumatic sepsis.'’

A domestic study conducted using data from the Medical Information Mart for Intensive Care III reported that age,
respiratory rate, mechanical ventilation, and the use of vasoactive drugs were independent risk factors associated with in-
hospital mortality in patients with post-traumatic sepsis.” These findings contrast with the results of several other national and

international studies. Several factors may account for these inconsistencies. One explanation may involve differences in the

a b Discrimination Metrics (28-day mortality, development dataset)
5 B ROC Curve
AUC 0.969
Std. Error 0.011
o8 —,Ir Asymptotic Sig. <0.001
95% ClI 0.946-0.991
06
g
=
[
s
o
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02
00
00 02 04 06 08 10
Specificity Notes: Apparent performance (no internal/external validation).

Figure 3 Model discrimination for 28-day mortality (development dataset): (a) ROC curve; (b) discrimination metrics (AUC 0.969, 95% Cl 0.946-0.991).
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distribution of injuries within the local population. Another contributing factor could be the increased average age of the
primary working population in the local area. Lastly, the single-center design of this study may have introduced selection bias,
limiting the generalizability of the findings. To address these limitations, future studies should incorporate data from multiple
centers, and larger, more diverse cohorts. Such efforts could mitigate biases and improve the generalizability of the findings.

The present study identified a significantly higher prevalence of hypertension and coronary artery disease among
individuals with post-traumatic sepsis compared to those without sepsis. These findings are consistent with a single-
center prospective cohort study conducted in China, which reported hypertension as an independent risk factor for the
development of sepsis.'® Furthermore, a national study reported that diabetes mellitus (DM), hypertension, coagulation
disorders, elevated creatinine levels, increased urea nitrogen levels, higher body mass index (BMI), and lower initial
GCS scores were independent risk factors for post-traumatic sepsis. Notably, the incidence of sepsis was significantly
higher among individuals with glycated hemoglobin levels exceeding 6.5%."

Similar associations have been reported internationally, where hypertension, DM, and sepsis often share geographic
distributions. The findings of the current study, along with numerous other investigations, indicates a potential shared
pathophysiological mechanism linking sepsis, hypertension, and DM. However, further research is needed to elucidate
this relationship.?’

This study also identified a significant difference in the distribution of injury mechanisms between the sepsis and non-
sepsis groups. However, no statistically significant difference was observed between the surviving and non-surviving
subgroups within the sepsis group. In the sepsis group, traffic accident injuries were the most common cause (54.50%),
while fall or collision injuries were predominant in the non-sepsis group (43.15%).

These findings are consistent with international data indicating that traffic accidents are a major contributor to trauma-
related mortality, and that infections are among the most frequent complications following traumatic injuries.*' In China,
the widespread adoption of motorization and industrialization has resulted a substantial increase in road traffic injuries,
which have become the leading cause of injury-related deaths since 2000.** A regional study conducted by Li et al in
Suining, Sichuan, involving 500 cases of unintentional injuries, also identified traffic accidents as the primary cause.”’

In terms of injury mechanisms, traffic accidents are more likely to result in multiple severe trauma types, whereas fall
or collision injuries tend to involve single-site trauma with a higher severity level.'?

Several scoring systems are routinely used in the diagnosis and management of trauma and sepsis, playing a key role
in assessing injury severity and guiding treatment decisions. Common trauma assessment tools include the Abbreviated
Injury Scale, Injury Severity Score, Trauma Injury Severity Score, and the Approach to Characteristic Severity of
Trauma. In the context of sepsis, widely used scoring systems include the SOFA score, the Systemic Inflammatory
Response Syndrome diagnostic criteria, and the Quick SOFA score.

Eguia et al analyzed clinical data from patients with trauma between 2014 and 2016 and demonstrated a correlation
between the SOFA score at admission, the presence of severe trauma, and the incidence of post-traumatic sepsis.'>
Similarly, a randomized controlled trial involving 869 patients conducted by Campwala et al identified multiple organ
failure and nosocomial infections as common complications among patients with trauma.>* These complications were
associated with increased injury severity, elevated shock indices, and reduced GCS scores.

The findings of this study align with previous research, indicating that the ISS, GCS, and the number of injury sites
are independent risk factors for post-traumatic sepsis. Furthermore, the SOFA score and the number of injury sites were
identified as independent risk factors for 28-day mortality in patients with post-traumatic sepsis.

Although the APACHE-II score is one of the most widely applied tools for assessing disease severity and predicting
prognosis among patients who are critically ill, its use in this study indicated a significant covariance with the SOFA
score during multifactorial logistic regression. This covariance may explain the association between the APACHE-II
score and the 28-day mortality rate in patients with post-traumatic sepsis.

In clinical settings, the objective is to use concise and contextually relevant scoring systems to assess disease severity
and predict prognosis. Although dynamic assessment allows for a more precise understanding of patient status, it also
imposes a considerable statistical workload. Therefore, further research is needed to develop intelligent dynamic
assessment models for clinical applications, enabling more efficient and accurate patient monitoring.

Risk Management and Healthcare Policy 2025:18 hetps: 3459



Fu et al

The findings of this study indicate that the onset of post-traumatic sepsis typically occurred within three days
following injury. This observation is consistent with established concepts regarding the host’s immunological response
to trauma, particularly the “two-hit” or “second blow” theory.”> In individuals with trauma, the shock resulting from
injury often leads to organ and soft tissue damage or fractures. The initial result, or the “first blow” —typically involving
hemorrhagic shock, soft tissue damage, or bone fractures—activates complex systemic inflammatory responses.”> 2’ The
“second blow” is introduced by additional endogenous or exogenous factors that exacerbate the initial response, thereby
contributing to the onset and progression of post-traumatic complications, including sepsis.”®’

Typical endogenous factors contributing to the “second blow” include acute respiratory distress, metabolic acidosis,
recurrent blood pressure fluctuations, and ischemia/reperfusion injury.*>*! In contrast, exogenous factors encompass severe
tissue damage, hypothermia, and substantial blood loss.>*** Although post-traumatic sepsis can be predicted through the
development of risk models, the specific mechanisms underlying the progression from trauma to sepsis remain under
investigation. Various internal and external stimuli may accelerate the progression of sepsis, aside from instances such as
gastrointestinal perforation due to abdominal trauma and infections resulting from contaminated injury sites.

Sepsis-related biomarkers: In recent years, the investigation of sepsis-related biomarkers has gained significant
attention. In the present study, neutrophil count, CRP level, creatine kinase, and Na were identified as independent
risk factors for the development of post-traumatic sepsis. Additionally, the CRP level was identified as an independent
risk factor for 28-day mortality in patients with post-traumatic sepsis.

Although the PCT level, commonly used in clinical settings, differed significantly between the sepsis and non-sepsis
groups, PCT did not emerge as an independent risk factor in the multivariate logistic regression model. This discrepancy
may be attributed to the timing of data collection, as laboratory indicators were obtained at the time of admission,
possibly before the progression to infection and sepsis. Although PCT is continuously secreted during noninfectious
processes, its peak level typically appears during active infection.>

A national study reported that the CRP/albumin ratio serves as an independent risk factor for the development of
sepsis.>” In a comprehensive analysis conducted by Pierrakos et al in 2020, a total of 5,367 publications were reviewed,
identifying 258 candidate biomarkers for sepsis diagnosis.>® Among these, 44 biomarkers exhibited low specificity for
diagnosing sepsis. Various biomarkers, including PCT, CRP, the neutrophil-to-lymphocyte ratio, the monocyte-to-
lymphocyte ratio, the platelet-to-lymphocyte ratio, and the ratio of mean platelet volume (MPV) to platelet count
(MPV/PLT), have been evaluated for their prognostic value in sepsis onset and mortality. However, apart from PCT
and interleukin-6 (IL-6), which are increasingly applied to monitor sepsis progression, the clinical use of other
biomarkers requires further investigation.’

Consistent with previous studies, the present analysis identified the lungs as the most common site of infection in
patients with post-traumatic sepsis.*® This predominance may be attributed to compromised thoracic integrity resulting
from direct chest injury, as well as the development of acute respiratory distress syndrome (ARDS) as a result of direct or
indirect lung injury.** ARDS is a frequent complication in sepsis, characterized by diffuse alveolar damage, severe
hypoxemia, and respiratory distress. Despite ongoing research, the pathogenesis of ARDS remains unclear, and the
condition continues to be associated with a high mortality rate, ranging from 30% to 40%.*° The presence of pulmonary
involvement—whether due to primary mechanical trauma or secondary systemic inflammatory responses—significantly
increases the risk of sepsis in patients with trauma.*®

Therapeutic interventions and risk of mortality: This study also demonstrated that the use of vasoactive medications was
an independent risk factor for 28-day mortality in patients with post-traumatic sepsis. Vasoactive medications play a key
role in managing shock, particularly in cases of traumatic, hemorrhagic, or septic shock.*' The timely and appropriate
administration of these drugs ensures adequate blood distribution and helps mitigate the risk of organ failure.'!

Predictive models for sepsis progression and mortality: Two logistic regression-based predictive models were developed in
this study: one for identifying the risk of developing post-traumatic sepsis and another for predicting 28-day mortality in
affected patients. The model for sepsis progression identified several independent risk factors, including length of hospital
stay, number of injury sites, ISS, NEUT, CRP level, serum sodium concentration, duration of CRRT, and duration of
tracheotomy. A separate predictive model for 28-day mortality in patients with post-traumatic sepsis identified age, number
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of injury sites, SOFA score, CRP level, and vasoactive drug use as significant risk factors. Tempering accuracy claims.
Reported discrimination is apparent and likely optimistic; clinical utility and generalizability require validation.

The ISS is extensively applied in clinical practice for assessing trauma severity. An ISS score of 25 or higher typically
indicates severe trauma and correlates with significantly reduced survival prospects. When the ISS exceeds 50, the
survival rates are extremely low, making the score a valuable predictor of mortality in patients with trauma.*** In this
study, the ISS was significantly higher in the sepsis group compared to the non-sepsis group.

Inflammatory markers and biomarkers: Recent research has increasingly focused on the diagnostic and prognostic
value of inflammatory markers. Jekarl et al investigated various cytokines and found that both PCT and CRP have
diagnostic value in sepsis, while PCT, IL-6, and interleukin-5 are useful for assessing sepsis severity.* In the present
study, CRP emerged as an independent risk factor for both the onset of post-traumatic sepsis and 28-day mortality in
affected patients.

Elevation of creatine kinase is often observed due to mechanical disruption of rhabdomyocytes following trauma.
Forouzan et al reported a significant association between creatine kinase BB isoenzyme levels and intracranial damage.*
Additionally, serum creatine kinase has been linked to BMI and the occurrence of acute kidney injury in patients with
severe trauma, as reported in a prospective cohort study.*®

Several limitations should be acknowledged in this study. The retrospective, single-center design may introduce
a selection and information bias. External validation through large-scale, prospective studies is necessary to confirm the
robustness and applicability of the developed models. Certain key clinical indicators were not included due to a high
proportion of missing data. Notably, variables such as hydrogen ion concentration, blood lactate levels, and the
oxygenation index were not included, potentially limiting the comprehensiveness of the study. Although the study
incorporated a broad range of clinical parameters collected at admission, it did not evaluate the dynamic changes in these
indicators during the course of hospitalization. Further research is necessary to assess the prognostic value of longitudinal
changes in key clinical and biochemical parameters. Although hospital-related complications were considered, the
available data were limited, and their role in the development of post-traumatic sepsis warrants further investigation in
larger cohorts. A few predictors exhibited large ORs and wide Cls due to low exposure counts (data sparsity). This
statistical imprecision does not alter the direction of associations nor our main conclusions. This study reports
a developmental model without internal resampling or external validation; consequently, the reported AUC likely
overestimates performance due to optimism. Generalizability beyond this cohort remains uncertain and requires boot-
strap- or CV-based internal validation and external validation in independent populations. If validated, the model could
support triage workflows as follows: (i) When: compute risk at ED/trauma admission (0—6 h) with routine labs; re-assess
at 24-48 h when new data become available. (ii)) How: implement risk stratification with thresholds chosen to prioritize
sensitivity for early rule-in (final thresholds to be locally validated). (iii) What to do: high-risk flags could trigger closer
monitoring, repeat CRP/sodium, blood cultures/infection screen, and early sepsis bundle per local guidelines; inter-
mediate-risk prompts repeat labs and reassessment; low-risk supports routine care with vigilance. (iv) Integration: embed
as an EHR calculator/alert, restrict inputs to readily available variables, and record reasons for overrides. (v) Governance:
deploy in a silent-mode pilot to audit performance and fairness, followed by local recalibration and periodic monitoring
before widespread use. Until such validation is completed, the model should be considered an exploratory decision-
support tool, not a stand-alone diagnostic.

Conclusions

This study characterizes the epidemiology of post-traumatic sepsis and reports a multivariable model with good discrimination
in the development dataset, highlighting potentially actionable markers. Given the lack of internal/external validation and the
potential for optimism/sparsity-related instability, the model should not be used for clinical decision-making at this stage.
Future work should include resampling-based internal validation, external validation in prospective multicenter cohorts,
recalibration, and impact assessment. Until then, the model may serve as an exploratory decision-support tool in silent pilots.
Nonetheless, they outline a pragmatic pathway for integrating early risk stratification into trauma triage.
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