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Abstract

Background: Tissue trauma and hemorrhage result in pronounced activation of the innate 

immune system. Given known crosstalk between inflammation and coagulation, soluble 

inflammatory mediators could be associated with venous thromboembolisms (VTE) after major 

trauma.

Objectives: Identify plasma inflammatory mediators that are independent predictors of VTE risk 

in trauma patients.

Methods: We performed a secondary analysis of the Pragmatic Randomized Optimal Platelets 

and Plasma Ratios (PROPPR) study. Plasma levels of 27 cytokines/chemokines were measured 

by BioPlex at admission and 2, 4, 6, 12, 24, 48, and 72 hours later. Patients who died from 

exsanguination or within 24 hours were excluded. Mann-Whitney tests were performed to assess 

No-VTE and VTE groups at each time point. Multivariable logistic regression was used to 

determine the adjusted effects of inflammatory mediators on VTE risk.

Results: 86 (15%) of the 575 patients included developed VTE. Interleukins IL-1ra, IL-6, 

IL-8, IL-10, Eotaxin, granulocyte colony-stimulating factor (G-CSF), interferon-gamma inducible 

protein (IP-10), monocyte chemoattractant protein (MCP-1), and chemokine ligand 5 (RANTES) 

were all significantly increased among VTE patients. Multivariable analyses demonstrated that 

IL-6, IL-8, IP-10, and MCP-1 were independently associated with VTE. Cox proportional 

hazards modeling identified IL-6, IL-8, and MCP-1 as independent predictors of accelerated 

VTE development. We identified significant correlations between inflammation and markers of 

coagulation and endothelial activation.

Conclusions: Sustained, systemic inflammation is a key driver of VTE risk after major trauma. 

Therapeutics targeting innate immune activation should be considered for development of future 

multimodal strategies to augment current VTE prophylaxis.
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Introduction

Traumatic injuries represent a significant cause of global mortality in individuals aged 

1-44.1 Patients with combined tissue trauma and hemorrhagic shock (HS) are at highest 

risk of early, hemorrhage-related deaths, as well as late-stage deaths due to inflammatory 

and thrombotic complications.2 Venous thromboembolism (VTE) is the third most common 

cardiovascular disease worldwide and recognized as a leading cause of preventable hospital-

associated mortality.3-5 Trauma patients are at notably elevated risk of VTE with reported 

incidence rates as high as 30%, representing an extremely prevalent complication that is 

associated with an elevated risk of in-hospital and post-discharge mortality.6-8

Several past studies have demonstrated blood hypercoagulability as a strong risk 

factor for trauma-related VTE, evidenced by systemic increases in thrombin generation, 

reduced endogenous anticoagulant factor levels, and elevated whole blood viscoelastic 

parameters.9-12 In agreement with this, implementation of institutional VTE prophylaxis 

protocols to improve early and consistent administration of anticoagulants, such as 

low molecular weight heparin, have reduced the overall incidence of VTE.6 However, 

recent evidence indicates trauma patients exhibit poor responsiveness to prophylactic 

anticoagulation and develop VTE in spite of anticoagulant dose escalations.13 These 

findings indicate that pharmacologic approaches to addressing hypercoagulability represent 

a significant clinical challenge and highlight a gap in our understanding of underlying 

mechanisms that contribute to sustained hypercoagulability and thrombus formation after 

trauma.

There is increasing evidence and appreciation that the coagulation and inflammatory 

systems are intricately linked, with activation of one system causing activation of the other 

in a feedback loop termed “thromboinflammation”.14,15 Inflammation triggers activation of 

coagulation through a number of mechanisms. Leukocytes secrete proteases that degrade 

endothelial anticoagulant proteins, neutrophil extracellular traps (NETs), procoagulant 

extracellular vesicles, as well as cytokines and chemokines. In particular, soluble 

proinflammatory cytokines and chemokines are important mediators of hypercoagulability. 

Cytokines such as tumor necrosis factor alpha and interleukins have been shown to potently 

activate ECs, altering their gene transcription and phenotype to support thrombin generation 

and fibrin deposition along the vessel wall.16,17 In addition, circulating cytokines can induce 

acute hepatic release of coagulation factors and also activate platelets.18,19 Past studies 

have linked elevated cytokine levels with VTE risk, particularly interleukin-6 (IL-6) and 

IL-8, which corroborates clinical data demonstrating an increased incidence of VTE among 

patients with chronic and acute inflammatory conditions.14,20-22

Tissue trauma, particularly in the presence of HS, elicits a profound systemic inflammatory 

response, hallmarked by significant increases in circulating inflammatory mediators 

with distinct temporal patterns.23 While past research has demonstrated an augmented 
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proinflammatory response among trauma and HS patients who develop VTE,24 it remains 

unexplored whether distinct inflammatory mediators are independent predictors of VTE 

in this population, or whether inflammation is directly linked with hypercoagulability. 

The objectives of this study were to 1) determine the association between inflammation 

and VTE; 2) identify inflammatory mediators that are independent predictors of overall 

VTE incidence and time to VTE development; and 3) establish the correlation between 

inflammation and hypercoagulability.

Methods

Study Design

We conducted a secondary analysis of the Pragmatic Randomized Optimal Platelet and 

Plasma Ratios (PROPPR) trial dataset, which was a multi-center clinical study of trauma 

patients with the primary objective of determining the efficacy of transfusing platelets, 

plasma, and red blood cells in a 1:1:1 versus a 1:1:2 ratio. The PROPPR trial was conducted 

between August 3, 2012 and December 2, 2013, predating the coronavirus pandemic. 

In addition, pregnant patients were excluded from enrollment in PROPPR, thus these 

conditions which are known risk factors for VTE were excluded. VTE was collected as 

a secondary study endpoint and defined as deep vein thrombosis (DVT) and/or pulmonary 

embolism (PE). DVT was diagnosed through duplex ultrasound and PE was diagnosed by 

computed tomography of the chest. In this analysis, patients who died of exsanguination or 

within 24 hours of admission were excluded as these patients do not have the opportunity to 

develop VTE.

Sample Collection and Analysis

As part of the PROPPR study, citrated whole blood was collected from patients upon 

admission to the emergency department (time 0 hour) and 2, 4, 6, 12, 24, 48, and 72 hours 

after hospital admission. Biomarker assessment was conducted as part of secondary analyses 

to the PROPPR trial and markers of interest were selected a priori through the PROPPR 

Study Group. Additionally, whole blood was collected from 20 healthy donors (50% male) 

under an approved human use protocol at the University of Texas Health Science Center 

at Houston (HSC-MS-09-0314). Plasma was prepared and stored as previously described.25 

Plasma cytokine and chemokine levels were measured using the Bio-Plex Pro Human 

Cytokine 27-plex Assay kit (Bio-Plex, Hercules, CA, USA) utilizing the Bio-Plex 200 

system (Bio-Plex, Hercules, CA, USA). Thrombin generation was measured using calibrated 

automated thrombogram (CAT) (Thrombinoscope, Maastricht, the Netherlands) using 

platelet poor plasma as previously described. Parameters resulting from this analysis include 

peak (maximum thrombin concentration produced, nM), the endogenous thrombin potential 

(area under the curve, nM*time), and rate of thrombin generation (nM/min). Thrombin-

antithrombin complex levels were measured by enzyme-linked immunosorbent assay 

(Abcam, Cambridge, United Kingdom). Markers of endothelial activation, including soluble 

syndecan-1 (Diaclone, Besancon Cedex, France), thrombomodulin (Abcam, Cambridge, 

United Kingdom), and endothelial protein C receptor (EPCR; Cloud Clone, Katy, TX, USA) 

were measured by enzyme-linked immunosorbent assay. All samples were run in duplicate.
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Statistical Analysis

All continuous variables are presented as medians with interquartile ranges. Mann-Whitney 

U tests were performed to assess significance between no VTE and VTE groups for 

all continuous variables. Chi-square tests were used to assess differences in categorical 

variables. The mean of healthy donor values was determined for each inflammatory 

mediator. The fold change relative to healthy donors was established for each patient and 

each inflammatory mediator using a log2 transformation. Inflammatory mediators identified 

as being significantly different between groups underwent further analysis in multivariable 

modeling. To do this, the last available datapoint for each inflammatory mediator was 

determined; for patients who developed VTE, the last datapoint prior to VTE diagnosis was 

used. This was done in order to utilize only those values that were collected prior to the 

VTE diagnoses. Isolating data at this time for each patient who experienced in-hospital 

VTE best reflects the systemic milieu which preceded the thromboembolic event. For 

the no VTE group, the 72-hour value or last available prior to death or discharge was 

used. Patients were stratified into “high” or “low” groups using the median of the last 

available value for each marker, and defined as being above (“high”) or below (“low”) 

the median value. Multivariable logistic regression was used to determine the independent 

association between high versus low levels of inflammatory mediators and VTE incidence, 

while controlling for other known risk factors for VTE, including patient age, sex and 

injury severity scores. Given that the PROPPR study examined transfusion algorithms, 

we also controlled for the total number of units of red blood cells, plasma, and platelets 

administered within 24 hours of admission. All of these covariates were included as 

distinct explanatory variables with VTE in the logistic regression model. We performed 

Cox proportional hazards modeling to determine the independent association between high 

versus low inflammatory mediators and cause-specific hazard of VTE, controlling for age, 

sex, and injury severity. Specifically, the outcome in this model was VTE (presence or 

absence), time elapsed utilized VTE free days as a continuous variable, each cytokine was 

a categorical explanatory variable in which each patient was assigned a value of 0 or 1 

according their status below (0) or above (1) the median last available value of that cytokine, 

sex was a categorical explanatory variable (male or female), age in years was a continuous 

explanatory variable, ISS was a continuous explanatory variable, and 24-hour transfusions 

of red blood cells (units), plasma (units), and platelets (units). Blood product components 

were all included in the model as distinct covariates. Cumulative incidence plots were 

generated to demonstrate time to VTE development between high versus low inflammatory 

mediator groups. Pairwise correlation tests were used to identify significant correlations 

between last available cytokine/chemokine values and last available thrombin production 

parameters. Two-sided p values are reported for all analyses and a p value of less than 0.05 

was considered significant. Graphs were generated in GraphPad Prism (version 9, Boston, 

MA, USA) and statistical analyses were performed using Jamovi (version 2.31.21, Sydney, 

Australia).
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Results

Patient Demographics and Outcomes

A total of 680 patients were enrolled in the PROPPR trial, of which 70% arrived to the 

emergency department in HS.26 Exclusion criteria for this analysis resulted in removal 

of 105 patients that died due to exsanguination or within 24 hours of admission. Of the 

remaining 575 patients, 489 did not develop VTE, while 86 did develop VTE (15%) (Table 

1). The VTE cohort consists of 38 patients who developed DVT, 37 who developed PE, 

and 11 patients who developed both DVT and PE. The median time to VTE was 6 (4, 

13) days. There were no significant differences in patient demographics, admission vitals, 

or injury scores between the VTE and no VTE groups. Compared to the no VTE group, 

VTE patients received significantly more transfusions of red blood cells [8 (5,13) vs. 9 

(7,13), respectively; p=0.002] and plasma [5 (2, 9) vs. 7 (4, 12), respectively; p=0.001]. 

Furthermore, compared to no VTE patients, those who developed VTE had significantly 

fewer ventilator-free [27 (13, 29) vs 23.5 (12, 27); p<0.01], intensive care unit (ICU)-free 

[23 (9, 27) vs 16 (5, 23); p<0.001], and hospital-free days [10 (0, 20) vs 0 (0, 8); p<0.001]. 

Interestingly, we observed that patients who did not develop VTE had a significantly higher 

incidence of in-hospital mortality compared to VTE patients, which could be due to the 

presence of traumatic brain injury. We noted a trending increase in the incidence of head 

abbreviated injury scale (AIS) score ≥ 3 amongst non-VTE patients compared to VTE 

patients; however, this was not significant (p=0.05) (Table 1). Thus, other possible drivers of 

overall mortality cannot be excluded.

Inflammatory mediators are significantly elevated among patients who develop VTE

We observed significantly greater changes in plasma inflammatory mediators compared 

to healthy controls among patients who developed VTE compared to those who did not 

(Figure 1). In particular, significant elevations in VTE patients compared to non-VTE 

patients were identified in proinflammatory cytokines IL-6 and IL-8, chemokines monocyte 

chemoattractant protein-1 (MCP-1), chemokine ligand 5/regulated upon activation normal T 

cell expressed and presumably secreted (RANTES), interferon-inducible protein 10 (IP-10), 

the growth factor granulocyte-colony stimulating factor (G-CSF), and anti-inflammatory 

proteins IL-ra and IL-10 (Figure 1). No differences between groups were observed for 

other markers included in the 27-plex, such as fibroblast growth factor, eotaxin, granulocyte-

macrophage colony stimulating factor, interferon γ, IL-1β, IL-1, IL-4, IL-5, IL-7, IL-9, 

IL-12, IL-13, IL-15, IL-17A, MIP-1α, MIP-1β, platelet-derived growth factor, TNFα, or 

vascular endothelial growth factor.

Induction of IL-1ra was significantly increased in VTE patients at 2, 4, 6, and 12 hours 

post-admission. IL-1ra levels peaked similarly between groups, with no VTE patients 

demonstrating a peak 4.44-fold increase and VTE patients exhibiting a 5.04-fold increase 

(p<0.05) over healthy controls at 4 hours, following by a decrease over time (Figure 1). We 

observed consistent and sustained elevations in IL-6, IL-8, IL-10 and MCP-1 were observed 

among VTE patients, with significant differences observed at all time points after 0 hour (2, 

4, 6, 12, 24, 48, and 72 hours post admission). Il-6 and IL-8 levels peaked at 4 hours for 

patients who did not develop VTE (6.93- and 3.92-fold increases over healthy; respectively), 
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whereas VTE patients continued to increase until 12 hours (7.91-fold and 4.7-fold over 

healthy, respectively). Conversely, IL-10 and MCP-1 peaked at the same time between 

groups (2 and 4 hours, respectively). G-CSF levels increased slightly later as significant 

differences were observed between groups beginning at 4 hours and sustained through 24 

hours. Significant differences in RANTES between groups were only identified at 0 hour, 

after which RANTES levels dropped to below healthy controls over time. In contrast to 

the other inflammatory mediators measured, IP-10 levels were decreased among patients 

compared to healthy controls; however, there was significantly less suppression of IP-10 

among VTE patients at 2, 4, 6, 12, and 24 hours post admission (Figure 1).

IL-6, IL-8, MCP-1, and IP-10 are Independently Associated with VTE after Trauma

To identify inflammatory mediators that are predictive of a future VTE event, the last 

available values were identified for those inflammatory mediators that were significantly 

different between groups, as described above. Data were compared between no VTE and 

VTE groups (Table 2). Using Mann-Whitney U tests, we found that patients who developed 

VTE exhibited significantly increased plasma levels of IL-6 [128.25 (36.44, 195.07) vs. 

72.815 (34.075, 187.08); p<0.001], IL-8 [42.02 (19.37, 58.81) vs. 29.64 (18.80, 60.01); 

p=0.007], IP-10 [538.4 (241.81, 847.27) vs. 427.825 (226.078, 825.998); p=0.018], MCP-1 

[189.72 (59.14, 268.76) vs. 105.325 (55.453, 262.913); p<0.001] compared to patients who 

did not develop VTE (Table 2). Multivariable logistic regression analyses were performed to 

identify independent associations between last available IL-6, IL-8, IP-10, and MCP-1 and 

risk of VTE. When controlling for age, sex, injury severity score, and 24 hour transfusions 

of red blood cells, plasma, and platelets, we found that elevated plasma IL-6 (Odds Ratio 

[OR]=2.97, 95% CI 1.68, 5.24; p<0.001), IL-8 (OR=2.06, 95% CI 1.20, 3.56; p=0.009), 

IP-10 (OR=1.73, 95% CI 1.01, 2.95; p=0.044) and MCP-1 (OR= 3.20, 95% CI 1.80, 5.70; 

p<0.001) were all independently associated with the risk of VTE (Table 3).

Elevated IL-6, IL-8, and MCP-1 Independently Drive Cumulative VTE Rates Over Time

In order to determine whether IL-6, IL-8, IP-10 and MCP-1 were independently associated 

with cumulative incidence of VTE over time, we next performed Cox Proportional Hazards 

Regression analysis, controlling for age, sex, injury severity scores, and 24-hour transfusion 

units of red blood cells, plasma, and platelets (Table 4). We found that IL-6 (Hazard Ratio 

[HR]=2.73, 95% CI 1.61, 4.64; p<0.001), IL-8 (HR=1.94, 95% CI 1.18, 3.21; p=0.009), 

IP-10 (HR=1.67, 95% CI 1.02-2.72; p=0.04) and MCP-1 (HR=2.97, 95% CI 1.75, 5.06; 

p<0.001) were all significant independent predictors of cumulative VTE rates over time. 

Cumulative incidence curves were plotted to demonstrate divergence in time to VTE 

development between groups above versus below the IL-6, IL-8, IP-10 and MCP-1 median 

last available cut points (Figure 2).

Inflammatory Mediators are Differentially Correlated with Thrombin Production and 
Endothelial Activation.

Last available values for peak, ETP, and rate of thrombin generation, as well as thrombin-

antithrombin complex (TAT) and endothelial markers were determined as above. No 

significant correlations were identified between IL-6, IL-8, IP-10, or MCP-1 with peak, 

ETP, or rate of thrombin generation as measured by CAT (Table 5, all p>0.05). Weak yet 
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significant positive correlations were found between TAT complex levels and both IL-8 (R 

value 0.21, p<0.0001) and MCP-1 (R value 0.09, p=0.03) (Table 5).

We also observed weak yet significant correlations between inflammatory mediators and 

markers of EC activation. IL-8 was correlated with syndecan-1 (R value 0.18, p<0.0001), 

thrombomodulin (R value 0.13, p<0.01), and EPCR (R value 0.15, p<0.01). IP-10 was 

also weakly correlated with syndecan-1 (R value 0.14, p<0.001), thrombomodulin (R value 

0.17, p<0.0001), and EPCR (R value 0.14, p<0.01). MCP-1 was moderately associated with 

syndecan-1 (R value 0.29, p<0.0001) and weakly associated with both thrombomodulin (R 

value 0.18, p<0.0001) and EPCR (R value 0.17, p<0.0001). Notably, when we looked only 

at patients with VTE, the correlation between IL-6 and IL-8 with EPCR became stronger 

(R value 0.33, p<0.01; R value 0.49, p<0.0001; respectively). Similarly, we observed a 

stronger correlation between thrombomodulin and MCP-1 when restricting our analysis to 

VTE patients (R value 0.27, p=0.01).

Discussion

VTE is a common complication in trauma patients that poses a significant risk to patient 

recover and survival; however, the underlying mechanisms driving thrombus development 

in trauma patients remain poorly understood. Here, we show that while we observed 

significant increases in a multitude of inflammatory mediators over time between groups, 

only cytokines IL-6 and IL-8, as well as chemotactic proteins MCP-1 and IP-10 are 

independent predictors of time-varying VTE risk after trauma and HS.

These findings are in agreement with those of McCully et al who reported differences 

in inflammatory cytokine levels among VTE patients in PROPPR.24 We have added 

to these observations by including healthy donor samples to serve as reference values 

and multivariable modeling to identify inflammatory mediators that serve as independent 

predictors of VTE development. Our univariate analysis agreed with the findings of 

McCully et al24, demonstrating that fold change increases in IL-6, IL-8, and MCP-1 levels 

over healthy donors were uniquely elevated in VTE patients and all were identified as 

independent predictors of cumulative VTE incidence using multivariable logistic and Cox 

proportional hazards modeling. While we similarly observed significant differences in anti-

inflammatory markers IL-1ra and IL-10 on univariate analyses, these differences were not 

retained in multivariable analyses, thereby diminishing a key role of overt dysregulation of 

anti-inflammatory mechanisms in trauma-related VTE. Using our analytical approach, we 

further identified IP-10 as a driver of VTE risk in this population, which was generally 

suppressed compared to healthy donors.

We have further added to our understanding of the link between inflammation and 

coagulation by partially defining the correlations between inflammatory mediators 

associated with VTE and markers of hypercoagulability. TAT complex levels 

are a commonly used surrogate for measuring ongoing thrombin production and 

hypercoagulability. We observed a weak yet significant positive correlation between 

inflammation and TAT complex levels. In contrast, we did not observe any significance 

correlations between inflammatory markers and kinetic thrombin generation as measured by 
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CAT. We speculate that this could indicate inflammatory mediators are activating localized 

cellular processes that contribute to thrombin production in vivo and subsequent production 

of TAT complexes, that do not result in substantial increases in circulating procoagulants 

that remain in the plasma to induce further generation of thrombin upon recalcification.

In agreement with this, we observed several weak, yet significant positive correlations 

between inflammatory markers and markers of endothelial activation. Correlations were 

strongest when looking specifically at VTE patients. Interestingly, our group recently 

reported that EC activation markers are independently associated with trauma-related 

VTE.27 Combined, these data potentially suggest a scenario in which 1) pro-inflammatory 

cytokines and chemokines could be activating ECs, inducing a shift from an anticoagulant 

state to a persistent procoagulant state; and/or 2) the inflammatory mediators are being 

produced by ECs. IL-6 directly activates ECs through engagement of the IL-6 receptor 

to induce upregulation of prothrombotic genes, including plasminogen activator inhibitor 

(PAI-1).28 PAI-1 is the main inhibitor of fibrinolysis and elevated levels are associated with 

the risk of VTE.29 IL-6 also upregulates EC expression of leukocyte adhesion molecules 

and recruitment factors, like MCP-1, that could further augment thrombus formation.30 

IL-8 has been shown to activate ECs and induce secretion of matrix metalloproteinases 

(MMPs) involved in barrier disruption31 and is a known trigger of monocyte adhesion to 

EC monolayers.32 Activated ECs produce a localized prothrombotic response that is largely 

restricted to the vessel wall where thrombus formation occurs. This could explain why we 

observed a correlation between inflammation and TAT complex levels, but not thrombin 

generation parameters by CAT; however, this is speculation.

Alternatively, our data demonstrating a link between inflammation and EC activation could 

indicate that elevated cytokines and chemokines in VTE patients are coming from ECs 

themselves. The literature supports an important role of ECs as active players in immune 

regulation and are considered conditional immune cells.33 ECs potently secrete IL-6 and 

IL-8 in response to stimulation by other cytokines, namely TNFα and IL-1. Activated ECs 

also express MCP-1 and IP-10, as well as E-selectin and adhesion molecules that regulate 

leukocyte recruitment to damaged tissues.34 Secretions of these cytokines and chemokines 

by ECs would facilitate adhesion of procoagulant neutrophils and monocytes to the vessel 

wall, where they participate in thrombus formation. Monocytes, a key source of tissue 

factor (TF), exhibit increased levels of monocyte-derived TF mRNA in patients with VTE.35 

They also secrete TF-positive extracellular vesicles that can support thrombin generation 

and fibrin formation and are increased after trauma.36,37 Neutrophils also play an important 

role in thrombosis, in part, through their secretion of proteinases that degrade endogenous 

anticoagulants, like endothelial thrombomodulin and heparan sulfates. Neutrophils also 

release NETs, which are elevated after trauma and facilitate immunothrombus formation 

by binding and aggregating platelets, releasing histones that further activate ECs, and 

provide a scaffold for fibrin formation.14,38 Both IL-6 and IL-8 are well-described neutrophil 

chemotactic factors. In addition, IL-8 binds to CXCR1 and CXCR2 where it activates 

the MAPK and PI3K pathways in multiple cell types, resulting in increased TF, PAI-1, 

and MMP expression.39,40 MMPs play a key role in extracellular matrix remodeling and 

degradation during thrombus formation and directly upregulate leukocyte and endothelial 
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cell activation at the site of vessel wall injury.41 IP-10 similarly activates the MAPK and 

PI3K pathways.42

Given the retrospective nature of this work, it is not possible to specify the exact contribution 

of cell type to post-trauma inflammation. Ultimately, it is very likely that both ECs and 

leukocytes, as well as other cellular sources, are responsible for elevated inflammatory 

mediators in this condition. Even platelets are important immune mediators and augment 

release of pro-inflammatory molecules after trauma.43 Leveraging in vitro and ex vivo 

model systems to scrutinize cellular sources of inflammation will be an important next step 

in this project.

Our analysis identified temporal patterns of inflammation that are uniquely sustained 

in VTE patients, with some cytokines, like IL-6 and IL-8, not reaching peak levels 

until 12 hours after injury. This highlights a potential screening window during 

which predictive inflammatory markers could be monitored to stratify risk. It also 

presents a future therapeutic opportunity in which targeting inflammation could augment 

current thromboprophylaxis protocols that largely only focus on anticoagulation. Current 

anticoagulants are not designed to directly inhibit inflammation. Several studies have 

demonstrated a potential for anti-inflammatory agents, like statins, to improve VTE 

prevention.44 In addition, other anti-inflammatory agents are currently in development for 

potential future use, including polyphosphate inhibitors or small molecules that inhibit the 

interaction between leukocytes and endothelial cells.15 A multi-modal prophylaxis regimen 

that addresses both coagulation and inflammation could be an important new avenue for 

mitigating the incidence of VTE after trauma and HS. Such an approach would need to 

balance addressing excessive inflammation with the beneficial role of immune processes 

after injury, such as thrombus resolution, wound healing, and clearance of infection. This 

could include, focusing on a limited therapeutic window (i.e. first 12 hours from injury), 

specifically targeting individual immune mediators that uniquely contribute to VTE using 

monoclonal antibody therapy, or development of tissue-specific therapeutics that limit 

localized inflammatory processes without crippling the systemic host immune and wound 

repair responses.

Finally, consideration of these cytokines as potential biomarkers merits a careful review 

of existing clinical approaches to predicting VTE. A number of biomarkers have been 

identified to screen for the presence of VTE in other hypercoagulable conditions, including 

cancer, pregnancy, and COVID-19. Thrombin generation (kinetic and prothrombin fragment 

1+2), D-dimer, and fibrinogen levels have all be used to screen suspected VTE during 

pregnancy. Interestingly, a recent cohort study showed that while values in these biomarkers 

differed between those with and without VTE, none were found to have diagnostic utility 

for selecting women for imaging based on sensitivity and specificity outcomes.45 Ay et 

al demonstrated that that the addition of D-dimer and soluble P-selectin, an adhesion 

molecule expressed by platelets and ECs, augmented risk prediction scoring systems for 

identifying cancer patients at high and low risk of VTE.46 Similarly, a recent study by 

Dujardin et al showed that using the combination of D-dimer and the global maker of 

inflammation, C-reactive protein, was more strongly predictive of VTE among critically ill 

COVID-19 patients than clinical markers of oxygenation.47 Taken together with our data, 
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these past findings indicate that inclusion of inflammatory markers could improve VTE risk 

monitoring; however, the specific markers could vary by disease condition. The data from 

our study could be used in the future to determine which of the four candidate inflammatory 

markers improves currently available VTE risk prediction tools for trauma patients.48

Several limitations should be considered when interpreting the findings of this study. First, 

the research is a secondary analysis of the PROPPR trial, which specifically enrolled 

hemorrhaging patients anticipated to receive a massive transfusion. Therefore, the results 

may not be generalizable to the broader trauma population. Additionally, we were unable 

to distinguish patients presenting with pulmonary thrombosis from those with early 

pulmonary embolism development. Furthermore, variability in DVT screening practices 

across participating centers also introduced potential sources of bias, a topic which has 

been explored previously by others.49 It is also worth noting that the original study was not 

designed to understand risk of VTE and therefore VTE incidence is limited to in-hospital 

diagnosis and does not include patients who may have developed VTE after discharge. 

Precise data relating to frequency, timing and dosages of chemical thromboprophylaxis were 

not collected as part of PROPPR, and therefore we could not examine the associations 

between inflammation and responsiveness to VTE prophylaxis. Finally, the timing of VTE 

diagnosis and onset of development are distinct. Our approach utilizing the last available 

cytokine values for predictive modeling is limited by the VTE diagnosis time and could 

miss important information concerning PE development that occurred secondary to an 

undiagnosed DVT.

Conclusions

In conclusion, our study has demonstrated that systemic inflammation underlies the 

multifactorial pathogenesis of trauma-related VTE and has identified candidate pro-

inflammatory mediators that can be used in conjunction with clinical factors and 

currently available biomarkers to improve risk stratification. In addition, our findings 

demonstrated that EC activation could be an important mechanism linking inflammation and 

hypercoagulability in trauma patients at high risk for VTE; however additional mechanistic 

studies are needed to examine specific cellular contributions to inflammation after trauma. 

Future studies should examine multi-modal thromboprophylaxis strategies that address both 

coagulation and inflammation for improving VTE prevention in this population.
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Figure 1. 
Changes in plasma inflammatory mediators between no VTE and VTE groups, relative to 

healthy controls. Plasma cytokines and chemokines were measured using Bio-Plex at 0, 2, 

4, 6, 12, 24, 48, and 72 hours from admission. Log2 transformations were performed on all 

values and data are expressed as median fold change relative to healthy controls. *denotes 

p<0.05 between No VTE and VTE groups.
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Figure 2. 
Relationship between elevated plasma inflammatory mediators and cumulative incidence of 

VTE. The cumulative incidence of VTE over time was plotted to among patients below 

(black line) and above (red line) the last available cut points for IL-6 (a), IL-8 (b), IP-10 (c), 

and MCP-1 (d).
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TABLE 1.

Patient demographics, injury, and outcomes in patients who did and did not develop VTE. Median and (Q1, 

Q3) are reported. Mann-Whitney or Pearson chi-square tests were performed to determine statistical 

significance between groups. Asterisk denotes statistical significance.

No VTE
(N=489)

VTE
(N=86)

p-value

Age (years) 33 (24, 49) 39 (27, 47) 0.10

Male (n, %) 396 (81.0%) 70 (81.4%) 0.93

Race/Ethnicity

 White (n, %) 307 (62.6%) 56 (65.1%) 0.54

 Hispanic/Latino (n, %) 89 (18.2%) 16 (18.6%) 0.93

Admission Vitals

 SBP (mmHg) 105 (82, 126) 100 (82, 124) 0.86

 HR (bpm) 115 (95, 143) 114 (99, 130) 0.83

 Base Deficit (mmol/L) −7.6 (−11.8, −3.7) −8.1 (−13.3, −4.1) 0.20

Injury Scores

 GCS 14 (3, 15) 14 (3, 15) 0.45

 ISS 25 (16, 35) 28 (19, 41) 0.11

 Head AIS ≥ 3 (n, %) 107 (22%) 11 (13%) 0.05

Transfusions (24 hours)

 Crystalloid (L) 6.8 (4, 10.2) 8.2 (4.4, 10.6) 0.107

 Red Blood cells (units) 8 (5, 13) 9 (7, 13) 0.002*

 Plasma (units) 5 (2, 9) 7 (4, 12) 0.001*

 Platelets (units) 6 (6, 12) 6 (6, 18) 0.12

Patient Outcomes

 Ventilator-free days 27 (13, 29) 23.5 (12, 27) <0.01*

 ICU-free days 23 (9, 27) 16 (5, 23) <0.001*

 Hospital-free days 10 (0, 20) 0 (0, 8) <0.001*

 In-hospital Mortality (n, %) 56 (11.5%) 3 (3.5%) 0.03*

 Deep vein thrombosis - 38 (44%) -

 Pulmonary embolism - 37 (43%) -

 Combined DVT and PE - 11 (13%) -
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TABLE 2.

Univariate analysis comparing the median last available cytokine values (pg/mL) between no VTE and VTE 

groups. Asterisk indicates statistical significance.

Inflammatory Mediator No VTE VTE p-value

IL-1b 1.76 1.485 0.055

IL-1ra 120.465 115.995 0.138

IL-5 2.24 1.75 0.133

IL-2 6.485 6.68 0.513

IL-6 72.815 128.25 <.001*

IL-7 8.44 7.32 0.163

IL-8 29.64 42.02 0.007*

IL-9 10.965 12.1 0.567

IL-10 12.79 14.37 0.080

IL-12 14.865 14.56 0.939

IL-13 5.795 4.73 0.229

IL-17 22.77 22.16 0.916

Eotaxin 35.71 37.43 0.114

FGF basic 32.16 28.99 0.715

G-CSF 292.45 277.28 0.789

GM-CSF 36.73 44.65 0.245

IGNγ 46.94 34.51 0.157

IP-10 427.825 538.4 0.018*

MCP-1 105.325 189.72 <.001*

MIP-1a 3.75 3.65 0.496

PDGFbb 141.805 127.415 0.582

MIP-1b 43.625 50.025 0.075

RANTES 3996.86 3126.42 0.081

TNFα 26.98 22.16 0.383

VEGF 12.68 19.525 0.051
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TABLE 3.

Multiple logistic regression analysis predicting VTE using last available cytokine values (pg/mL), while 

controlling for age, sex, injury severity score and 24-hour transfusions of red blood cells, plasma, and platelets 

as covariates. Asterisk indicates statistical significance.

Inflammatory
Mediator Odds Ratio 95% Confidence

Interval p-value

IL-6 ≥ 82.32 2.97 1.68, 5.24 <0.001*

IL-8 ≤ 30.94 2.06 1.20, 3.56 0.009*

IP-10 ≥ 446.99 1.73 1.01, 2.95 0.044*

MCP-1 ≥ 114.81 3.20 1.80, 5.70 <0.001*
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TABLE 4.

Cox proportional hazards model evaluating explanatory variables for VTE. IL-6, IL-8, IP10, and MCP-1 are 

dichotomized above and below their respective cut points (pg/mL) as defined by median last available value. 

Age, sex, injury severity score (ISS), and 24-hour transfusions of red blood cells, plasma, and platelets were 

included as covariates in the model. *Asterisk indicates p<0.05.

Hazard
Ratio

95% Confidence
Interval p-value

IL-6 Association with Time to VTE 

IL-6 (≥ 82.32 vs. < 82.32) 2.73 1.61, 4.64 <0.001*

Age (per 1 year increment) 1.00 0.99, 1.02 0.51

Sex (Female vs. Male) 0.99 0.54, 1.81 0.96

ISS (per 1 unit increment) 1.02 1.00, 1.03 0.07

24-hour plasma transfused (units) 1.03 0.96, 1.11 0.39

24-hour platelets transfused (units) 0.98 0.94, 1.03 0.53

24-hour RBC transfused (units) 0.99 0.94, 1.04 0.65

IL-8 Association with Time to VTE 

IL-8 (≥ 30.94 vs. < 30.94) 1.94 1.18, 3.21 0.009*

Age (per 1 year increment) 1.01 0.99, 1.02 0.45

Gender (Female vs. Male) 1.02 0.56, 1.88 0.94

ISS (per 1 unit increment) 1.02 1.00, 1.03 0.04*

Total plasma transfused (units) 1.03 0.96, 1.10 0.46

Total platelets transfused (units) 0.99 0.94, 1.04 0.70

Total RBC transfused (units) 0.99 0.94, 1.04 0.63

IP-10 Association with Time to VTE 

IP-10 (≥446.99 vs. <446.99) 1.67 1.02, 2.72 0.04*

Age (per 1 year increment) 1.01 0.99, 1.02 0.47

Gender (Female vs. Male) 0.96 0.52, 1.77 0.90

ISS (per 1 unit increment) 1.02 1.00, 1.04 0.03*

Total plasma transfused (units) 1.03 0.96, 1.10 0.48

Total platelets transfused (units) 0.99 0.94, 1.04 0.70

Total RBC transfused (units) 0.99 0.94, 1.04 0.70

MCP-1 Association with Time to VTE 

MCP-1 (≥ 114.81 vs. < 114.81) 2.97 1.75, 5.06 <0.001*

Age (per 1 year increment) 1.01 0.99, 1.02 0.42

Gender (Female vs. Male) 0.92 0.50, 1.70 0.80

ISS (per 1 unit increment) 1.01 0.99, 1.03 0.18

Total plasma transfused (units) 1.03 0.96, 1.10 0.42

Total platelets transfused (units) 0.99 0.94, 1.04 0.65

Total RBC transfused (units) 0.98 0.93, 1.04 0.56
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TABLE 5.

Correlations of last available IL-6, IL-8, IP-10, and MCP-1 with thrombin generation (TG), TEG, and 

endothelial markers. Asterisk indicates statistical significance. Asterisk indicates statistical significance.

R value p-value

IL-6 

Peak TG −0.02 0.64

ETP −0.01 0.78

Rate of TG −0.01 0.94

TAT Complex 0.05 0.23

Syndecan-1 0.06 0.14

Thrombomodulin 0.07 0.09

EPCR 0.03 0.49

IL-8 

Peak TG −0.05 0.29

ETP −0.04 0.39

Rate of TG −0.05 0.24

TAT Complex 0.21 <0.0001*

Syndecan-1 0.18 <0.0001*

Thrombomodulin 0.13 <0.01*

EPCR 0.15 <0.01*

IP-10 

Peak TG −0.05 0.23

ETP −0.03 0.52

Rate of TG −0.04 0.34

TAT Complex 0.04 0.33

Syndecan-1 0.14 <0.001*

Thrombomodulin 0.17 <0.0001*

EPCR 0.14 <0.01*

MCP-1 

Peak TG −0.07 0.09

ETP −0.04 0.34

Rate of TG −0.06 0.17

TAT Complex 0.09 0.03*

Syndecan-1 0.29 <0.0001*

Thrombomodulin 0.18 <0.0001*

EPCR 0.17 <0.0001*

Shock. Author manuscript; available in PMC 2024 November 01.


	Abstract
	Introduction
	Methods
	Study Design
	Sample Collection and Analysis
	Statistical Analysis

	Results
	Patient Demographics and Outcomes
	Inflammatory mediators are significantly elevated among patients who develop VTE
	IL-6, IL-8, MCP-1, and IP-10 are Independently Associated with VTE after Trauma
	Elevated IL-6, IL-8, and MCP-1 Independently Drive Cumulative VTE Rates Over Time
	Inflammatory Mediators are Differentially Correlated with Thrombin Production and Endothelial Activation.

	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.

