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Abstract

Objective: To systematically investigate the risk factors, pathological mechanisms, and prevention strategies for lower extremity deep vein 
thrombosis (DVT) in burn patients, and to evaluate the clinical value of a multidimensional prediction model. Methods：A retrospective analysis 
of 320 burn patients from the Burn Department of the First Affiliated Hospital of Anhui Medical University was conducted, combined with a 
comprehensive literature review. Risk stratification, logistic regression analysis, and receiver operating characteristic (ROC) curve analysis were 
employed to identify critical factors and validate prevention efficacy.
Results: Key Risk Factors: Burn area ≥30% total body surface area (TBSA) (OR=3.12, 95% CI:1.85–5.26), wound infection (OR=2.78), prolonged 
bed rest ≥7 days (OR=2.45), and central venous catheterization (OR=2.15). Pathological Mechanisms: Inflammatory factor-mediated 
hypercoagulability, endothelial damage, and venous stasis synergistically drive thrombosis. Prevention Efficacy: Low molecular weight heparin 
(LMWH) reduced DVT risk by 64% (OR=0.36, P=0.004). Stratified strategies (early LMWH for high-risk patients + mechanical prophylaxis 
and stepwise rehabilitation for others) significantly lowered incidence. Prediction Model: A combined model integrating burn size, infection, 
immobilization, and catheterization achieved superior accuracy (AUC=0.85 vs. 0.72 for single-factor models).
Conclusion: DVT prevention in burn patients requires multidimensional risk identification, standardized LMWH application, and stratified 
management. A dynamic prediction model enables precise intervention and resource optimization. Future research should prioritize multicenter 
prospective validation and machine learning-driven early warning systems to further reduce thrombosis-related mortality.
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Introduction

Deep vein thrombosis (DVT) is a common and severe 
complication in burn patients, with a significantly higher 
incidence compared to the general population (10%-30% vs. 
0.1%-0.2%)[1]. DVT is closely associated with pulmonary 
embolism (PE) and post-thrombotic syndrome (PTS), 
posing a serious threat to patient prognosis. Burn patients 
are exposed to a unique high-risk environment for DVT due 
to tissue damage, inflammatory responses, coagulation 
dysfunction, and prolonged immobilization[2]. In recent years, 
domestic and international studies have explored risk factors 
and preventive measures for DVT in burn patients; however, 
most focus on single-factor analyses, lacking systematic 
investigation into multidimensional predictive models[3]. 
Based on a retrospective study of 320 burn patients from the 
Department of Burn Surgery at the First Affiliated Hospital of 
Anhui Medical University, combined with a review of global 
literature, this paper systematically summarizes the risk 
factors, pathological mechanisms, and prevention strategies 
for DVT in burn patients, and evaluates the clinical value of 

integrated predictive models.
Approximately 11 million burn patients worldwide require 
medical intervention annually, with mortality rates reaching 
10%-20% in severe cases[4]. Studies indicate that the incidence 
of DVT in patients with burns covering ≥30% of the total body 
surface area (TBSA) can reach 32.6%, significantly higher than 
in those with minor burns (5.9%)[5]. Among the 320 patients 
included in this study, the DVT incidence was 18.4%, consistent 
with international multicenter findings (10%-30%). High-risk 
populations were characterized by a predominance of males 
(62.7%), older average age (52.3 years), elevated BMI (27.5 
kg/m²), and frequent comorbidities such as extensive burns 
(42.5% TBSA), lower limb burns (67.8%), and wound infections 
(50.8%).

Materials and Methods

Study Population
We retrospectively reviewed medical records of burn patients 
admitted to the Department of Burn Surgery at the First 
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Affiliated Hospital of Anhui Medical University between 
January 2019 and December 2023. Based on DVT diagnostic 
criteria, patients were categorized into two groups: Group A1 
(DVT-confirmed) and Group A2 (DVT-excluded).

Inclusion and Exclusion Criteria
Inclusion Criteria
Age: ≥18 years;Burn size: ≥10% total body surface area 
(TBSA);Hospital ization duration:  ≥7 days;Diagnostic 
confirmation: Clear burn diagnosis with complete medical 
records;DVT diagnosis: DVT confirmed by lower extremity 
venous ultrasonography, combined with clinical symptoms and 
D-dimer testing.

Exclusion Criteria
Medical history: Prior DVT or known thrombotic disorders 
(e.g., hereditary thrombophilia);Comorbidities: Malignancy, 
severe hepatic or renal dysfunction, or other conditions 
affecting coagulation (e.g., cirrhosis, uremia);Pre-existing 
DVT: DVT diagnosed at admission or ongoing anticoagulation 
therapy;Incomplete data: Missing key variables (e.g., burn 
size, treatment details);Other exclusions: Pregnant or lactating 
women, or patients with major surgery/trauma within 3 
months prior to admission.

Results
Baseline Characteristics
This study included 320 burn patients, among whom 59 
developed lower extremity deep vein thrombosis (DVT), 
yielding an incidence rate of 18.4%. Statistically significant 
differences (P<0.05) were observed between the DVT and 
non-DVT groups in variables including gender, age, body mass 
index (BMI), burn size, presence of wound infection, bed rest 
duration, and use of central venous catheters (CVCs).(Table1)

Multivariate Logistic Regression Analysis
The results of multivariate logistic regression analysis revealed 
the following independent risk factors for DVT:Burn size ≥30% 
TBSA (OR=3.12, 95% CI: 1.85–5.26, P<0.001), Wound infection 
(OR=2.78, 95% CI: 1.67–4.62, P<0.001), Prolonged bed rest ≥7 
days (OR=2.45, 95% CI: 1.32–4.56, P=0.004), Central venous 
catheterization (OR=2.15, 95% CI: 1.24–3.72, P=0.006). In 
contrast, patients receiving low-molecular-weight heparin 
(LMWH) prophylaxis exhibited a significantly reduced risk 

variable B SE Wald Exp(B) 95% CI P

burn size ≥30% TBSA 1.14 0.32 12.68 3.12 1.85-5.26 <0.001***

wound infection 1.02 0.29 12.34 2.78 1.67-4.62 <0.001***

prolonged bed rest 0.90 0.31 8.45 2.45 1.32-4.56 0.004**

(CVC) placement 0.77 0.28 7.56 2.15 1.24-3.72    0.006**

LMWH prophylaxis -1.02 0.35 8.49 0.36 0.18-0.72 0.004**

Table 1 Multivariate Logistic Regression Analysis of DVT in Burn Patients

exegesis: ( P<0.05 ), *; ( P<0.01), **; ( P<0.001), ***

of DVT (OR=0.36, 95% CI: 0.18–0.72, P=0.004), indicating its 
protective role.(Table1)

Development and Validation of the Predictive Model
A comprehensive predictive model incorporating burn size, 
wound infection, bed rest duration, and CVC use demonstrated 
superior performance compared to single-factor models. 
The area under the curve (AUC) for the combined model 
was 0.85 (sensitivity: 82.6%, specificity: 80.3%), significantly 
outperforming the burn size-only model (AUC=0.72). For 
clinical implementation, patients with a predicted probability 
≥48% are recommended for intensified anticoagulation therapy. 
Dynamic monitoring through D-dimer testing (threshold >1.5 
μg/mL) combined with weekly ultrasonographic screening 
enables timely intervention and optimized resource allocation.
(Figure 1)

Discussion

Burn Size and Systemic Inflammatory Response
Burn injuries, particularly extensive burns, extend far beyond 
cutaneous damage, triggering a cascade of complex 
pathophysiological changes that elevate the risk of deep vein 
thrombosis (DVT). When burns involve ≥30% of the total body 
surface area (TBSA), this risk increases markedly. First, the 
skin, as the body’s primary barrier, loses its protective function 
post-burn, leading to massive release of pro-inflammatory 
mediators such as interleukin-6 (IL-6) and tumor necrosis 
factor-alpha (TNF-α)[6]. These cytokines not only activate the 
coagulation cascade by upregulating tissue factor expression 
but also suppress the fibrinolytic system and reduce protein 
C activity, exacerbating hypercoagulability[7]. Second, fluid 
loss from burns induces hemoconcentration, elevating blood 
viscosity[8]. Concurrently, the hypermetabolic state post-
burn aggravates endothelial cell damage, disrupting vascular 
integrity and further promoting thrombus formation[9]. Studies 
confirm that each 10% increase in TBSA elevates DVT risk 
by 1.5-fold (OR=1.5). In this study, patients with burns ≥30% 
TBSA exhibited a 3.12-fold higher DVT risk (95% CI: 1.85–5.26), 
underscoring the critical role of extensive burns as a core DVT 
risk factor. Consequently, clinicians must prioritize vigilant 
monitoring and early intervention in patients with large burn 
areas to mitigate DVT risk.

A
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Wound Infection and the "Infection-Thrombosis" Vicious 
Cycle
Wound infection is a critical risk factor for deep vein 
thrombosis (DVT) in burn patients[10]. Its mechanisms 
involve bacterial endotoxins activating monocytes to release 
tissue factor (TF), thereby triggering the extrinsic coagulation 
pathway[11]. Concurrently, inflammatory mediators such as 
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) 
upregulate platelet activity and fibrinogen levels, fostering a 
hypercoagulable state[12]. Furthermore, infection-associated 
pain and systemic inflammatory responses exacerbate 
venous stasis, amplifying DVT risk. Prolonged bed rest 
or reduced mobility impairs the lower limb muscle pump 
function, rendering venous return dependent on respiration 
and arterial pulsations, which reduces blood flow velocity to 
20%-30% of baseline[13]. In patients with lower limb burns, 
localized venous compression and inflammation significantly 
elevate DVT incidence (67.8% vs. 42.1%)[14]. The use of 
central venous catheters (CVCs) directly damages vascular 
endothelium, exposing collagen and inducing platelet 
aggregation. Localized inflammatory responses further amplify 
the coagulation cascade, increasing DVT risk by 2.15-fold 
(95% CI: 1.24–3.72), particularly with femoral vein catheters 
(DVT incidence: 8.5% vs. 0% for internal jugular catheters). 

In summary, wound infection exacerbates DVT risk in burn 
patients through multiple pathways, establishing an "infection-
thrombosis" vicious cycle.

Prolonged Bed Rest and Hemodynamic Disturbances
Prolonged bed rest is another critical risk factor for deep vein 
thrombosis (DVT) in burn patients[15]. Studies demonstrate 
that patients confined to bed for ≥7 days face a 2.45-fold 
higher DVT risk compared to those with shorter bed rest 
durations (95% CI: 1.32–4.56)[16]. Extended immobilization 
impairs the lower limb muscle pump function, forcing venous 
return to rely predominantly on respiration and arterial 
pulsations—mechanisms insufficient to maintain normal blood 
flow velocity. Consequently, venous blood flow in the lower 
limbs decreases markedly, reaching 20%-30% of baseline 
levels[17]. This prolonged stasis significantly increases the 
likelihood of thrombus formation. Furthermore, in patients 
with lower limb burns, localized venous compression and 
inflammatory responses exacerbate DVT incidence, rising to 
67.8% compared to 42.1% in non-lower limb burn cases[18]. 
This highlights that prolonged bed rest not only elevates 
DVT risk through hemodynamic disturbances but may 
also synergize with local burn-related factors to amplify 
thrombogenesis. Therefore, aggressive preventive measures, 

Figure1. ROC Curve. The integrative model synthesizing burn surface area, infectious wound status, prolonged immobilization period, and central 
venous catheter utilization exhibited significantly enhanced predictive accuracy relative to univariate analytical approaches.

A
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such as early rehabilitation exercises and mechanical 
prophylaxis, should be prioritized for immobilized burn 
patients, particularly those with lower limb injuries, to mitigate 
DVT risk.

Iatrogenic Risks of Central Venous Catheters (CVCs)
The use of central venous catheters (CVCs) significantly 
elevates the risk of deep vein thrombosis (DVT) in burn 
patients[19]. Studies reveal that CVC placement increases 
DVT risk by 2.15-fold (95% CI: 1.24–3.72), with femoral vein 
catheters associated with a notably higher DVT incidence 
(8.5%) compared to internal jugular vein catheters (0%)[20]. 
This disparity stems from anatomical and hemodynamic 
characteristics: femoral veins exhibit slower blood flow and are 
more prone to compression during limb movement, whereas 
the internal jugular vein benefits from faster flow rates and 
reduced external compression[21]. Pathologically, catheter 
insertion directly damages vascular endothelium, exposing 
collagen and triggering platelet aggregation, which initiates 
the coagulation cascade. Concurrently, localized inflammatory 
responses amplify prothrombotic mechanisms. Specifically, 
endothelial injury post-insertion activates platelets, prompting 
the release of procoagulant substances such as platelet factor 
4 (PF4) and thromboxane A2 (TXA2). These mediators further 
activate clotting factors, fostering microthrombus formation. 
Additionally, inflammation induces endothelial cells to release 
cytokines like interleukin-1β (IL-1β) and C-reactive protein 
(CRP), which perpetuate coagulation activation, creating a 
vicious cycle that exacerbates thrombosis[22].
Therefore, for burn patients requiring CVCs, prioritizing internal 
jugular vein access and strictly limiting catheter dwell time 
are critical to minimizing DVT risk. Concurrent monitoring of 
coagulation profiles (e.g., D-dimer levels) is essential for early 
detection and intervention in thrombotic events.

Prophylactic Efficacy and Clinical Optimization of Low-
Molecular-Weight Heparin (LMWH)
This study confirms that low-molecular-weight heparin (LMWH) 
significantly reduces the incidence of deep vein thrombosis 
(DVT) in burn patients (prophylaxis group vs. non-prophylaxis 
group: 10.4% vs. 24.3%, P<0.01), with its protective effect 
further validated by multivariate analysis (OR=0.36, P=0.004)
[23]. Mechanistically, LMWH exerts its antithrombotic effects 
through three pathways: Inhibition of coagulation factor 
Xa, blocking thrombin generation; Attenuation of systemic 
inflammatory responses, reducing the release of endothelial 
injury-associated mediators (e.g., TNF-α, IL-6); Stabilization 
of vascular endothelial function, inhibiting apoptosis and 
maintaining barrier integrity[24]. However, the LMWH 
prophylaxis coverage rate in this study was only 42.19%, 
indicating underutilization or suboptimal timing in clinical 
practice.

Based on the evidence, the following clinical optimization 
strategies are proposed:
Early intervention in high-risk populations: For patients 
with burns ≥30% TBSA, concurrent infections, or prolonged 
immobilization, initiate LMWH within 48 hours of admission 
(dose-adjusted by body weight and renal function).Dynamic 
monitoring and multidisciplinary collaboration: Combine 
D-dimer testing (threshold >1.5 μg/mL) with ultrasonographic 

screening, and coordinate individualized protocols among 
burn surgery, vascular surgery, and pharmacy teams.Balancing 
bleeding risks: For patients with renal insufficiency or bleeding 
tendencies, adopt reduced LMWH doses (e.g., enoxaparin 20-
40 mg/day) and shorten treatment duration.
Future research should focus on defining the optimal 
LMWH dosing window, exploring its synergistic effects with 
mechanical prophylaxis, and validating safety in special 
populations (e.g., pediatric and elderly burn patients) through 
multicenter prospective studies.

Stratified Prevention Strategies
High-risk populations (burn size ≥30% TBSA, concurrent 
infection, or prolonged immobilization): Early initiation of 
low-molecular-weight heparin (LMWH) within 48 hours of 
admission, with dosage adjusted based on body weight 
and renal function[25]. Moderate-to-low-risk populations: 
Combined mechanical prophylaxis (e.g. ,  intermittent 
pneumatic compression devices) and phased rehabilitation 
protocols (such as ankle pump exercises)[26].

Optimized Value of Integrated Predictive Models
Single-factor models (e.g.,  burn size with AUC=0.72) 
exhibit limited predictive efficacy, whereas integrated 
models combining burn size, wound infection, prolonged 
immobilization, and CVC use demonstrate significantly 
improved accuracy (AUC=0.85, sensitivity 82.6%, specificity 
80.3%). This model enables:Precise identification of high-risk 
patients: Enhanced anticoagulation therapy is required for 
those with a predicted probability ≥48%.Optimized resource 
allocation: Avoid overtreatment in low-risk populations.
Dynamic monitoring: Early intervention is achievable through 
combined D-dimer testing (threshold >1.5 μg/mL) and weekly 
ultrasonographic screening.

Study Limitations and Future Directions
This single-center retrospective analysis has inherent 
limitations, including potential selection bias and the exclusion 
of laboratory parameters (e.g., D-dimer levels). Future research 
should prioritize multicenter prospective studies and explore 
the following:Machine learning models: Develop dynamic risk 
prediction systems by integrating clinical data, inflammatory 
biomarkers, and real-time activity monitoring.
Catheter site stratification: Clarify thrombotic risk differences 
between internal jugular and femoral vein catheterization.
Multidisciplinary collaboration: Establish personalized 
anticoagulation protocols through coordinated efforts among 
burn surgery, vascular surgery, and pharmacy teams.

Conclusion

This study systematically delineates the multifactorial 
pathogenesis of deep vein thrombosis (DVT) in burn patients, 
emphasizing the synergistic interplay of extensive burns 
(≥30% TBSA), wound infection, prolonged immobilization, 
and central venous catheterization. The integration of 
these risk factors into a multidimensional predictive model 
(AUC=0.85) significantly enhances clinical risk stratification, 
enabling targeted interventions such as early low-molecular-
weight heparin (LMWH) prophylaxis for high-risk populations 
(predicted probability ≥48%) and optimized resource allocation 
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through dynamic monitoring (D-dimer >1.5 μg/mL and 
weekly ultrasonography). Despite limitations inherent to its 
single-center retrospective design, the findings underscore 
the necessity of adopting stratified prevention strategies 
and multidisciplinary collaboration to mitigate thrombotic 
complications. Future efforts should focus on validating these 
insights in multicenter prospective cohorts, refining machine 
learning-driven dynamic models, and establishing catheter 
site-specific protocols to advance precision medicine in burn 
care. Ultimately, bridging mechanistic insights with clinical 
implementation holds promise for reducing DVT-related 
morbidity and improving long-term outcomes in this vulnerable 
population.
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