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Abstract

Background: The high incidence of venous thromboembolism (VTE) following trauma persists 

in spite of aggressive thromboprophylaxis strategies. Approximately half of VTE patients do not 

achieve the recommended anti-FXa response to enoxaparin anticoagulation (0.1–0.4 IU/mL), 

however, research to explain or correct this phenomenon is lacking. We hypothesized that 

antithrombin III (AT) deficiency is associated with poor enoxaparin responsiveness in trauma 

patients that develop VTE which can be reversed through supplementation with AT.
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Methods and Findings: A retrospective cohort study was performed on plasma collected from 

trauma patients who did and did not develop pulmonary embolism (PE) as well as healthy 

volunteers. AT levels, thrombin generation, and anti-FXa levels were measured in the collected 

plasma at baseline and in response to supplementation with AT concentrate at 120–200% or 

plasma (30% volume). A total of 54 PE patients and 46 non-PE patients were enrolled in this study 

for analysis. Compared to healthy volunteers, trauma patients had lower levels of AT, elevated 

thrombin generation, and lower anti-FXa levels in response to enoxaparin. Moreover, thrombin 

generation was higher and responses to enoxaparin were lower in patients who developed PE 

compared to those who did not develop PE. We found that supplementation with AT, but not 

plasma, increased AT levels and improved enoxaparin-mediated inhibition of thrombin generation.

Conclusions: Supplementation with AT may provide a novel adjunct therapy to increase the 

effectiveness of enoxaparin thromboprophylaxis and reduce the incidence of VTE in the trauma 

population.
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Introduction

Venous thromboembolism (VTE), the combination of deep vein thrombosis (DVT) and 

pulmonary embolism (PE), is a prevalent complication in patients with polytraumatic 

injuries. VTE remains one of the most common preventable causes of in-hospital death in 

this population, despite extensive prophylactic efforts to mitigate risk [1, 2]. Up to 30% of 

patients on prophylaxis will experience a VTE while in the hospital, depending largely on 

patient acuity and degree of surveillance. These events result in aggressive interventions, 

prolonged hospital stays, and increased medical care costs [2, 3]. Three months after 

discharge, the rate of VTE in surviving trauma patients remains over 10% [4] and 30% of 

thromboembolic events in the trauma population overall occur after discharge [5]. These are 

not clinically insignificant events. In fact, Drake et al. recently showed that 10.8% of 

preventable or potentially preventable deaths after hospital discharge are due to massive PE 

[6].

While the exact pathophysiology of VTE in trauma patients is not fully understood, it is 

most certainly multifactorial and thought to arise secondarily to a combination of risk factors 

including aberrant coagulation activation, endothelial dysfunction, sustained inflammation, 

protracted immobility, massive transfusion, and mechanical ventilation [2]. Elevation in 

thrombin generation following trauma, a strong predictor of VTE in trauma patients [7], has 

been reported in several studies [7–11]. Thus, after hemorrhage control is achieved, restoring 

hemostatic homeostasis by limiting thrombin generation becomes critically important for 

preventing thromboembolic complications in recovering trauma patients.

To address this, the American Academy of Chest Physicians instituted standard of care 

recommendations for aggressive VTE prophylaxis in trauma patients which includes 

protocolized anticoagulation [12]. One of the most commonly used prophylactic 

anticoagulants utilized is enoxaparin (Lovenox), a low molecular weight heparin that can be 
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monitored in-hospital by measuring anti-FXa levels. Enoxaparin works by potentiating the 

activity of the circulating anticoagulant, antithrombin III (AT). Enoxaparin binds to AT and 

increases its activity for inhibiting FXa and thrombin, thus downregulating coagulation. 

Despite increasingly aggressive institutional thromboprophylaxis protocols, 50–70% of 

trauma patients do not achieve the recommended anti-FXa target range (0.1–0.4 IU/mL) 

which indicates an altered responsiveness to enoxaparin anticoagulation [13, 14]. Such 

irresponsiveness has been associated with the risk of VTE. For example, Malinoski et al. 

showed an increased incidence of DVT among trauma and surgical patients who did not 

achieve the recommended anti-FXa range [15]. Even escalating doses of heparinoids appear 

ineffective since the incidence of VTE remains unchanged when enoxaparin doses are 

adjusted in response to low anti-FXa levels [16]. Sabbagh et al. first introduced the use of 

fresh frozen plasma (FFP) for the reversal of heparin resistancein the mid 1980’s in patients 

undergoing cardiopulmonary bypass [17]. However, a recent study of patients undergoing 

coronary artery bypass graft surgery showed that while administration of FFP had no effect 

on heparin sensitivity, supplementation with AT significantly improved the response to 

heparin by reducing the overall heparin requirements with no increased risk of bleeding [18]. 

Furthermore, data from septic shock patients with acquired AT deficiency demonstrated that 

AT supplementation safely and effectively improved anticoagulation [19]. These important 

findings suggest that adjunct AT may provide a novel treatment strategy for safely 

improving heparin-based thromboprophylaxis [18].

Acquired AT deficiency (AT <80%) is common in trauma patients, affecting approximately 

20% on admission [3]. Multiple studies have shown that reduced AT activity in severely 

injured patients is associated with an increased risk for thrombotic complications [3, 20]. 

This brings into question the use of AT-dependent thromboprophylaxis without monitoring 

AT levels [20] and suggests that utilization of AT supplementation could be a potential 

strategy for reducing the risk of VTE [21]. The aim of this study was to determine if AT 

deficiency plays a role in altered responses to enoxaparin anticoagulation in critically ill 

trauma patients. Our hypothesis was that PE patients would have a higher incidence of AT 

deficiency and reduced responsiveness to enoxaparin. We further hypothesized that the 

response to enoxaparin in PE patient plasma could be improved by ex vivo supplementation 

with AT.

Methods

Human Subjects

This study was a single institution, retrospective cohort analysis of prospectively collected 

data conducted at Memorial Hermann Hospital in Houston, TX, a Level-1 trauma center, and 

the University of Texas Health Science Center at Houston. Prior approval from the 

Institutional Review Board was obtained (HSC-GEN-12–0059) for the study to include adult 

patients (≥16 years of age) admitted between October 2012 and October 2016 who met the 

criteria for highest-level trauma team activation and for whom consent was obtained within 

72 hours of admission from either the patient or a legally authorized representative. A waiver 

of consent was obtained if a patient was discharged or died within 24 hours. Patients were 

excluded if they were <16 years of age, pregnant, prisoners, had greater than 20% total body 
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surface area burned, were taking pre-hospital anticoagulants, died within 24 hours, or 

consent was not obtained. Prospective power analysis estimated that 50 patients per group 

(with versus without thromboembolic events) would be sufficient to detect a 20% difference 

in thrombin generation using an alpha of 0.05 and a power of 0.90%.

Patient demographics, vital signs, standard laboratory values, mechanism and severity of 

injury, and pre-hospital fluid and/or blood product administration were collected upon 

admission to the emergency department. Outcomes (PE, hospital-, ventilator-, intensive care 

unit (ICU)-free days, mortality), and 24-hour blood product and fluid administration were 

collected from patient records. A matched-group design was used to compare patients with 

and without PEs based on age, gender, injury mechanism and injury severity. After all PE 

patients were identified, non-PE patients that were admitted during this time frame with 

similar age, gender, and injury mechanisms and severity to the PE group were selected. 

Mann-Whitney tests were performed to compare these characteristics between the PE and 

non-PE groups. If differences approaching p=0.06 were identified, new non-PE patients 

were selected and the comparison was re-run until the groups were appropriately matched.

PE Categorization

Since our institution routinely monitors for PE symptoms, without screening for DVT, VTE 

was defined as the development of a PE in this study. If patients present with even mild 

symptoms related to PE, such as cough or shortness of breath, or asymptomatic pulmonary 

emboli are identified incidentally during the course of examination for other indications, a 

standard contrast-enhanced computerized tomography angiogram (CTA) of the chest was 

performed to establish a diagnosis. All diagnoses of PE were established clinically using 

radiological criteria, and CTA derived chest images were reviewed by staff radiologists for 

contrast filling defects in the pulmonary vasculature. A PE diagnosis was then categorized 

based on location of the filling defect as either central (involvement of the left and/or right 

main pulmonary artery or one or more lobar arteries), or segmental/sub-segmental 

(involvement of segmental and/or sub-segmental arteries).

Sample Collection

Patient samples were collected upon hospital admission, prior to clinical administration of 

enoxaparin. In conjunction with blood collection for standard hospital laboratory tests, an 

additional 20 mL of blood was obtained for research purposes. Blood was transferred into 

vacutainer tubes containing 3.2% citrate and after 30 minutes was centrifuged at 3,200 rpm 

for 20 minutes at room temperature to obtain platelet poor plasma. Plasma samples were 

then aliquoted and stored at −80° C until analysis. Plasma was also collected from 15 

healthy and consented volunteers under a separate protocol (HSC-MS-09–0314). Volunteers 

were excluded if they were on an anticoagulant or antiplatelet drug, were pregnant, or had a 

history of cardiovascular disease. Healthy subjects had a median age of 31 (30, 35), were 

50% male, and were 63% Caucasian. Fresh frozen plasma (FFP) from five donors was 

purchased from Gulf Coast Regional Blood Center. A pool of the five donors was used for 

all ex vivo experimentation.
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Plasma Analysis

Citrated plasma samples were thawed immediately prior to use. First, plasma from healthy, 

uninjured volunteers was used to optimize ex vivo dosing of enoxaparin. The ex vivo dose of 

enoxaparin needed to achieve 50% inhibition of thrombin generation was found to be 0.13 

IU/mL, similar to that previously identified in the literature [22–24]. Given that we spiked 

plasma with an enoxaparin dose of 0.13 IU/mL, our target anti-FXa level in response to 

enoxaparin was defined as 0.13 IU/mL. The responses to enoxaparin between healthy 

uninjured volunteers and trauma patients were compared by treating all plasma samples ex 
vivo with 0.13 IU/mL of enoxaparin. Trauma patient samples were additionally 

supplemented with AT using either FFP at a dose of 30% volume or AT concentrate in the 

form of THROMBATE III®, provided by Grifols, up to 80%, 120%, 150%, 180%, and 

200% final concentration based on baseline values. This was done in an effort to improve 

patient plasma responses to enoxaparin to the levels observed in healthy controls. Similar to 

our previous work, we chose FFP at a dose of 30% volume to model the effects of 

transfusing six units of plasma [25]. Calculations were based on the activity (IUs) provided 

by the manufacturer for a given lot of THROMBATE III® (approximately 500 IUs/10 mL) 

and the patient’s baseline AT activity levels. AT supplementation was confirmed by 

measuring AT activity using ACL-TOP. Thrombin generation and anti-FXa levels were 

measured to assess the response to enoxaparin and supplementation with AT. Healthy 

volunteer plasma served as an uninjured control for normal AT, anti-FXa, and thrombin 

generation levels before and after treatment with enoxaparin.

AT activity and anti-FXa levels were determined chromogenically using an ACL-TOP 

Coagulation Analyzer (Instrumentation Laboratory, Bedford MA). Thrombin generation was 

measured using a calibrated automated thrombogram (CAT) (Thermo Fisher Scientific, 

Waltham MA) as previously described [8]. Relevant parameters resulting from CAT analysis 

include lag time (the time to initiation of thrombin generation; min), peak (the highest 

amount of thrombin generated; nM), time to peak [ttpeak] (the time it takes to achieve the 

peak; min), endogenous thrombin potential [ETP] (the total amount of thrombin generated 

over time; nM), and rate (the velocity of thrombin generation dictated by the slope of the 

thrombin generation curve; nM/min). Supplemental Figure 1 depicts a representative curve 

demonstrating these parameters. Both CAT and ACL-TOP assays were conducted 

simultaneously to avoid further freezing and thawing samples. AT deficiency was defined as 

AT <80%.

Statistics

All analyses were performed using GraphPad Prism 6 (La Jolla, CA). For multiple 

comparisons, one-way or two-way ANOVA tests were done with Bonferroni or Sidak 

corrections, respectively. Mann-Whitney tests were performed where indicated. Data were 

considered significant at p<0.05.

Results

A consort diagram describing enrollment of the patient cohort is provided in Figure 1. 

During the study period, 6,089 highest-level trauma activations were received at our 
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institution. Of those, 3,797 met the criteria for inclusion in our study. Plasma samples were 

available in our biorepository for 2,613 of these patients. A total of 55 patients with PE were 

identified during the study period. Of these patients, three were excluded for pre-hospital 

anticoagulant use and seven were excluded due to death from non-survivable traumatic brain 

injury. This left 100 patients for complete analysis (46 without PE and 54 with PE). The 

median time to PE diagnosis was hospital day 9 (4, 14). Among those patients who 

developed a PE, 68.5% were symptomatic and 31.5% were asymptomatic. Most PEs were 

located in segmental or sub-segmental arteries (67%), with the remainder located centrally 

(33%). Approximately 85% of PE patients received thrombosis-related interventions that 

included thrombectomy, tPA infusion, inferior vena cava (IVC) filter placement, 

unfractionated heparin drip, or another anticoagulant. Only 8 patients (15%) were 

maintained on enoxaparin alone. Interventions by PE location are provided in Supplemental 

Table 1. Patient demographics, injury types/severity, and outcomes are summarized in Table 

1. There were no apparent differences in demographics or injury type and severity between 

patients who did versus those who did not develop a PE. However, those who developed a 

PE received significantly greater volumes of prehospital crystalloids and units of blood 

products during transport and over the first 24 hours of their hospital stay (all p<0.05). 

Furthermore, patients who developed a PE had significantly fewer ventilator-, ICU-, and 

hospital-free days (all p<0.01), although the overall in-hospital mortality rates were the same 

(8.5% vs 9.3%; p>0.05). Finally, while no differences in the rate of pelvic fractures were 

observed, patients who developed PE had a significant increase in the rate of lower limb 

fracture (28% vs 11%; p<0.05).

Effects of enoxaparin on healthy versus trauma patient plasma.

Similar to previous reports (7), baseline thrombin generation was significantly elevated in 

trauma patients compared to healthy donors as evidenced by shortened lag times, increased 

peak, reduced time to peak, and increased rates of thrombin generation (Table 2). Trauma 

patients also displayed significantly lower anti-FXa levels after enoxaparin treatment 

compared to healthy controls. In response to enoxaparin treatment, all healthy donors 

achieved a target anti-FXa response of 0.13 IU/mL compared to 59% of trauma patients 

(p<0.01). Compared to healthy controls, trauma patients demonstrated significantly reduced 

inhibition of thrombin generation following treatment with enoxaparin as evidenced by 

reduced peak thrombin inhibition, reduced endogenous thrombin potential (ETP) inhibition, 

and reduced prolongation of the rate of thrombin production.

Supplementation of enoxaparin with FFP or AT.

To determine if supplementation with either FFP or AT would increase AT levels and 

improve the response to enoxaparin, trauma patient plasma was treated ex vivo with 

enoxaparin (0.13 IU/mL) in addition to either FFP (30% volume) or AT (final concentration 

of 120–200%) (Figure 2). FFP had a baseline AT level of 98 (96, 102). While treatment with 

FFP had no effect on AT levels, AT supplementation significantly increased baseline AT 

levels (limit of detection = 180%). Treatment with FFP did not improve anti-FXa levels from 

enoxaparin alone; however, AT-supplemented enoxaparin increased anti-FXa levels in a dose 

dependent manner (Figure 3A: all doses p<0.05). FFP treatment improved the rate of 

therapeutic response from 59% to 80%; whereas, supplementation with AT to 120% resulted 

Cardenas et al. Page 6

Thromb Res. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in 92% of trauma patient plasma reaching a therapeutic anti-FXa level. This increased to 

100% after AT supplementation was raised to 150% or greater. In addition, while 

determining whether FFP or AT supplementation could improve the ability of enoxaparin to 

inhibit thrombin generation, we found that both FFP and AT were able to significantly 

increase peak thrombin inhibition compared to enoxaparin alone (all p<0.05). The greatest 

inhibition was observed at AT levels of 150–200% (Figure 3B).

Effects of enoxaparin in plasma from patients with and without PE.

Baseline AT activity was similar between groups with no difference in the incidence of AT 

deficiency (Table 3). However, when comparing thrombin generation, patients who 

developed PE had significantly higher peaks (13%) and faster rates (24%) of thrombin 

generation at baseline compared to those without a PE. Moreover, patients who developed a 

PE had a significantly reduced response to enoxaparin ex vivo as measured by both anti-FXa 

levels and changes in thrombin generation. Anti-FXa levels in response to enoxaparin were 

significantly higher in plasma from patients who did not develop PE compared to those who 

did (0.14 vs 0.13 IU/mL; p<0.05). Ex vivo treatment with enoxaparin resulted in a median 

30.6% reduction in peak thrombin in patients who did not develop PE; however, only a 

20.7% reduction in peak thrombin was detected in those who did develop PE (p<0.01).

Supplementation of enoxaparin with AT in PE patient plasma.

In order to determine the effects of supplementation with AT on the ex vivo response to 

enoxaparin, plasma from both PE and no PE patients was treated with enoxaparin and AT 

and changes in anti-FXa and thrombin inhibition were observed. AT significantly increased 

anti-FXa levels and reduced peak thrombin generation at all doses in plasma from all 

patients tested. PE patient plasma demonstrated lower anti-FXa levels (Figure 4A) and 

reduced peak thrombin inhibition (Figure 4B) compared to No PE patients with enoxaparin 

alone; however, these differences in enoxaparin responses were no longer apparent when AT 

supplementation was 120% or above.

Discussion

Persistent rates of VTE in the trauma patient population, in spite of aggressive, protocolized 

thromboprophylaxis, are a significant healthcare concern that necessitates new and evidence-

based treatment strategies. AT concentrate is an FDA-approved, clinically available 

therapeutic used to treat congenital AT deficiency. To date, there is little data to show the 

potential role of AT supplementation in improving VTE prophylaxis in trauma patients. 

Here, we demonstrate that plasma samples from severely injured patients, particularly from 

those who develop PE, exhibit reduced sensitivity to enoxaparin and that supplementation 

with AT improves enoxaparin-mediated thrombin inhibition ex vivo.

Enoxaparin and other low molecular weight heparin molecules are the most commonly 

utilized prophylactic agents in critical care patients during recovery. Enoxaparin increases 

both anti-FXa levels and AT inhibition of thrombin, making it a vital co-factor in preventing 

VTE. AT deficiency is commonly defined by hematologic standards as <80% activity with 

normal levels ranging between 80–120%. According to this definition, admission AT 
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deficiency occurred in approximately 20% of trauma patients enrolled in this study which is 

similar to the rates reported by others [3]. While the majority of patients had AT levels 

within normal limits, only half of all patient plasma samples achieved a target anti-FXa level 

of 0.13 IU/mL following treatment with enoxaparin.

We have previously shown that, compared to healthy subjects, trauma patients demonstrate 

profoundly elevated thrombin generation [8], a known risk factor for VTE [7]. Indeed, 

marked elevations were detected in this study as well. It is possible that in the setting of such 

excessive and protracted thrombin generation, circulating levels of AT are not adequate to 

facilitate prophylactic anticoagulation with enoxaparin. According to our findings, it appears 

that supraphysiologic levels of ATIII may be necessary to compete with such high levels of 

thrombin generation. Here, we show that supplementation of trauma patient plasma with AT 

up to 120% raised enoxaparin effectiveness from 59% to 92% and that increasing AT above 

120% optimized enoxaparin responses in terms of both anti-FXa levels and inhibition of 

thrombin generation. A 100% maximum effectiveness was attained when AT levels were 

raised to 150%. These findings are in agreement with other reports in the literature. Animal 

models of sepsis have shown that high doses of AT (~160%) were most beneficial at 

mitigating hypercoagulability, reducing inflammation, and protecting from organ damage 

[26]. While maintaining ATIII activity at such high levels may not be feasible for all trauma 

patients, it may be appropriate to screen patients for potential responsiveness following the 

routine evaluation of their anti-FXa levels. Those who do not achieve the therapeutic range 

may be the best candidates for ATIII therapy. This could also provide an effective and safe 

alternative to hazardous interventions for patients with segmental or sub-segmental thrombi.

Our finding that AT levels were equivalent between patients who did and did not develop a 

PE was surprising and contrary to our hypothesis. This could be explained by our study 

design as we only had plasma samples available upon admission rather than at the time of 

the thrombotic event. Recent work has highlighted the importance of coagulation dynamics 

over time after severe injury [27]. Although we only measured admission thrombin 

generation which was higher in PE patients, a highly thrombogenic plasma environment 

would result from either the same or declining levels of AT over time in the presence of 

elevated thrombin generation. Owings et al. showed that AT levels tend to fall over time in 

severely injured patients; and when analyzed prospectively, substantially more patients 

experience AT deficiency than we observed in this study [20]. They found that 61% of 

patients had AT levels below the normal level at some point during the first six days of their 

hospital stay. Furthermore, their analysis concluded that AT was predictive of DVT but not 

PE. In our study, we only have patients with PE as our institution does not routinely survey 

for DVTs but does aggressively monitor for PEs. In spite of similar AT levels upon 

admission, patients who subsequently developed a PE had significantly reduced responses to 

enoxaparin compared to those who did not, a defect that was corrected through AT 

supplementation. This finding suggests that while there could be other mechanisms for 

enoxaparin resistance not evaluated here, modifying AT levels was nonetheless an effective 

intervention for increasing plasma enoxaparin sensitivity.

While FFP has been used in the past to treat heparin resistance [17, 28], we did not find it to 

have significant effects here which is in agreement with previous work [18]. Even at 30% 
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volume, equivalent to approximately six units or ~20 ml/kg in a 70 kg adult, FFP had no 

effect on AT levels or the anti-FXa response to enoxaparin. FFP was, however, able to 

significantly reduce thrombin generation over enoxaparin alone. This is likely due to the 

endogenous AT in addition to other circulating anticoagulants present in balanced FFP that 

affect thrombin production such as tissue factor pathway inhibitor, protein C, protein S and 

thrombomodulin. Thus, administration of FFP may serve to mitigate thrombin generation by 

diluting endogenous hypercoagulable plasma with balanced plasma as previously shown 

[25]; however, our data suggest that it has very little direct effect on improving PE 

prophylaxis.

This study has several limitations. First, this study was performed in platelet poor plasma 

and therefore does not account for cellular contributions to thrombin generation or the risk 

of PE [27]. Second, these experiments were performed ex vivo; thus, we cannot make 

conclusions concerning clinical administration of AT. Third, plasma samples used in this 

study were collected upon admission, not at the time of the thromboembolic event. A 

prospective design in which we sample patients at the time of their thrombosis could allow 

us to gain greater insights into mechanistic differences in enoxaparin resistance between 

patients who do and do not develop PE. Also, the absence of PE in the non-PE group was 

not confirmed by radiologic assessment, therefore some non-PE patients could have had 

asymptomatic thromboses that were not clinically identified which could have contributed to 

some similarities in our findings between non-PE and PE groups. Finally, propensity 

matching was not utilized in this study which could have introduced selection bias into the 

design.

Conclusions

In summary, trauma is associated with reduced AT levels, increased thrombin generation, 

and reduced responsiveness to enoxaparin. Thrombin generation was higher and response to 

enoxaparin lower in patients who developed PE, and ex vivo treatment with AT, but not FFP, 

resulted in improved enoxaparin-mediated inhibition of thrombin generation. Future studies 

are needed to determine if supplementation with AT increases the effectiveness of 

enoxaparin thromboprophylaxis and reduces the incidence of PE in the trauma population 

which would support its use as a novel adjunct therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

AIS Abbreviated Injury Scale

ANOVA Analysis of variance

AT Antithrombin III

CAT Calibrated automated thrombogram

CTA Computerized tomography angiogram

DVT Deep vein thrombosis

ETP Endogenous thrombin potential

FFP Fresh frozen plasma

FXa Coagulation Factor Xa

GCS Glasgow Coma Scale

ICU Intensive care unit

ISS Injury Severity Score

Kg Kilogram

PE Pulmonary embolism

RBC Red Blood Cells

RPM Revolutions per minute

ttPeak Time to Peak

VTE Venous thromboembolism

w-RTS Weighted Revised Trauma Score
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HIGHLIGHTS:

• Acquired AT deficiency is common following severe injury

• Only half of trauma patients achieve the recommended anti-FXa levels 

following enoxaparin

• Patients who developed venous thromboembolism demonstrate reduced 

responsiveness to enoxaparin compared to those who did not

• Supplementation with AT optimizes enoxaparin response ex vivo

• Supplementation with AT could be used as an effective adjunct therapy to 

enoxaparin
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Figure 1. 
Flow of admitted and enrolled patients. PE = pulmonary embolism.
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Figure 2: Antithrombin (AT) levels in trauma patient plasma at baseline and following treatment 
with fresh frozen plasma (FFP) or AT concentrate.
AT is presented as percent activity. FFP treatment was 30% by volume. AT was 

supplemented to 120, 150, 180, or 200% final concentration. Data are presented as means 

with standard deviation. The dotted line represents the limits of detection. * denotes p<0.05 

compared to baseline following one-way ANOVA analysis with Bonferroni correction.
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Figure 3. Levels of Anti-FXa and thrombin following enoxaparin treatment.
Anti-FXa levels (A) and changes in peak thrombin (B) were measured in trauma patients 

following treatment of their plasma with enoxaparin in the presence or absence of FFP or AT 

supplementation. Delta peak represents the percent change of thrombin in treated plasma 

compared to untreated plasma at baseline. Data are presented as means with standard 

deviation. * denotes p<0.05 compared to enoxaparin alone following one-way ANOVA 

analysis with Bonferroni correction.
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Figure 4. Levels of Anti-FXa and thrombin following enoxaparin treatment of PE vs no PE 
patients.
Anti-FXa levels (A) and changes in peak thrombin (B) were measured in plasma from 

patients who did (white bar) or did not develop a PE (black bar) following treatment with 

enoxaparin in the presence or absence of FFP or AT supplementation. Data are presented as 

means with standard deviation. * denotes p<0.05 comparing “PE” and “No PE” patients 

after two-way ANOVA analysis with Sidak correction.
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Table 1.

Patient demographics, injury, resuscitation volumes and outcomes in patients with and without pulmonary 

embolism (PE). Median and interquartile range (IQR) values are reported. Mann-Whitney tests were 

performed to determine statistical significance between groups. However, the presence of such fractures did 

not affect the pertinent outcomes of this study such as AT levels, rate of AT deficiency, thrombin generation, or 

responsiveness to enoxaparin, with or without AT supplementation. (Supplemental Figure 2 and Supplemental 

Table 2).

All (N = 100) PE (N = 54) No PE (N = 46) P-value

Demographics

Age, years 46 (33, 54) 47 (35, 55) 43 (28, 53) 0.19

Male, n (%) 79 (79%) 42 (78%) 37 (80%) 0.75

Injury

Blunt, n (%) 83 (83%) 47 (87%) 36 (78%) 0.24

GCS 13 (3, 15) 14 (3, 15) 8 (3, 15) 0.24

w-RTS 6.9 (4.1, 7.8) 7.1 (4.1, 7.8) 6.0 (4.1, 7.8) 0.57

Head AIS 2 (0, 4) 0 (0, 3) 2 (0, 4) 0.17

ISS 17 (13, 26) 19 (13, 26) 17 (12, 25) 0.38

Pelvic Fracture, n (%) 14 (14%) 8 (15%) 6 (13%) 0.80

Lower Limb Fracture, n (%) 20 (20%) 15 (28%)* 5 (11%) <0.05

Base Excess −3 (−6, 0) −3 (−6, 0) −3 (−6, 0) 0.98

Resuscitation Volumes

Pre-hospital Crystalloid, mL 0 (0, 220) 200 (0, 500)* 0 (0, 0) <0.01

Pre-hospital RBC, units 0 (0, 0) 0 (0, 0)* 0 (0, 0) 0.04

Pre-hospital Plasma, units 0 (0, 0) 0 (0, 0)* 0 (0, 0) <0.01

24 Hour RBC, units 0 (0, 2) 1 (0, 6)* 0 (0, 0) <0.01

24 Hour Plasma, units 0 (0, 3) 1 (0, 6)* 0 (0, 1) <0.01

24 Hour Platelets, units 0 (0, 0) 0 (0, 6)* 0 (0, 0) <0.01

Outcomes

Ventilator-free days 27 (19, 29) 19 (15, 27)* 29 (26, 30) <0.01

ICU-free days 24 (8, 28) 17 (1, 25)* 27 (21, 29) <0.01

Hospital-free days 12 (0, 20) 0 (0, 12)* 20 (15, 25) <0.01

30-Day Mortality, n (%) 8 (8%) 5 (9.3%) 3 (6.5%) 0.62
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Table 2.

Antithrombin III (AT) levels, anti-FXa levels, and thrombin generation values in plasma from healthy donors 

and trauma patients at baseline and following treatment with enoxaparin (0.13 U/mL). Number with 

percentage or median and IQR values are reported. Mann-Whitney tests were performed to determine 

statistical significance between groups.

Healthy Donors (N = 15) Trauma Patients (N = 100) P-value

Baseline

Rate AT<80% 0 20 (20%)

AT (%) 114 (109, 118) 91 (78, 103)* <0.01

Lag time (min) 5.0 (4.3, 5.7) 4.3 (3.7, 5.0)* <0.05

Peak (nM) 258 (153, 304) 302 (254, 345)* <0.01

ttPeak (min) 8.3 (7.0, 9.7) 6.6 (6.0, 7.4)* <0.01

ETP (nM) 1459 (1155, 1649) 1492 (1237, 1713) 0.38

Rate (nM/min) 67.8 (37.2, 107.7) 129 (106, 156)* <0.01

Enoxaparin

Anti FXa levels (IU/mL) 0.16 (0.14, 0.17) 0.13 (0.12, 0.16)* <0.01

Rate Anti FXa>0.13 15 (100%) 59 (59%)* <0.01

Delta Lagtime (%) 6.6 (−4.3, 23) 7.9 (0, 11) 0.90

Delta Peak (%) −55 (−66, −36) −24 (−32, −16)* <0.01

Delta ttPeak (%) 17 (3.5, 36) 12 (7.3, 17) 0.20

Delta ETP (%) −43 (−48, −22) −14 (−20, −9)* <0.01

Delta Rate (%) −65 (−82, −57) −39 (−51, −27)* <0.01
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Table 3.

AT levels and thrombin generation values in plasma from patients with and without PE at baseline and 

following treatment with enoxaparin (0.13 U/mL). Number with percentage or median and IQR values are 

reported. Mann-Whitney tests were performed to determine statistical significance between groups.

PE (N = 54) No PE (N = 46) P-value

Baseline

Rate AT<80% 11 (20.4%) 9 (19.6%) 0.92

AT (%) 90 (77, 99) 93 (78, 113) 0.24

Lag time (min) 4.3 (3.8, 4.8) 4.2 (3.7, 5.5) 0.79

Peak (nM) 322 (272, 351)* 286 (241, 335) <0.05

ttPeak (min) 6.6 (5.8, 7.2) 6.6 (6.0, 7.8) 0.58

ETP (nM) 1524 (1313, 1728) 1489 (1123, 1689) 0.12

Rate (nM/min) 145 (112, 161)* 118 (94, 150) <0.05

Enoxaparin

Anti FXa levels (IU/mL) 0.13 (0.11, 0.14)* 0.14 (0.12, 0.17) <0.05

Rate Anti FXa>0.13 24 (44%) 26 (57%) 0.23

Delta Lagtime (%) 7.9 (0, 10.6) 6.6 (0, 13.1) 0.74

Delta Peak (%) −20.7 (−29.7, −15.3)* −30.6 (−37.8, −18.4) <0.01

Delta ttPeak (%) 10.7 (6.4, 15.0)* 13.0 (9.6, 20.4) <0.05

Delta ETP (%) −13.2 (−18.5, −8.8) −15.6 (−23.3, −11.3) 0.10

Delta Rate (%) −34.2 (−43.7, −26.1 * −45.4 (−55.3, −29.9) <0.01

Thromb Res. Author manuscript; available in PMC 2021 March 01.


	Abstract
	Introduction
	Methods
	Human Subjects
	PE Categorization
	Sample Collection
	Plasma Analysis
	Statistics

	Results
	Effects of enoxaparin on healthy versus trauma patient plasma.
	Supplementation of enoxaparin with FFP or AT.
	Effects of enoxaparin in plasma from patients with and without PE.
	Supplementation of enoxaparin with AT in PE patient plasma.

	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2:
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.
	Table 3.

