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Abstract

Background—Altered coagulation function after trauma may contribute to venous 

thromboembolism (VTE) development. Severe trauma impairs coagulation function, but the 

trajectory for recovery is not known. We hypothesized that enhanced, early recovery of 

coagulation function increases VTE risk in severely-injured trauma patients.

Study Design—Secondary analysis was performed on data from The Pragmatic Randomized 

Optimal Platelet and Plasma Ratio (PROPPR) trial, excluding patients who died within 24 hours 

and/or were on pre-injury anticoagulants. Patient characteristics, adverse outcomes, and 

parameters of platelet function (PF) and coagulation (thromboelastography; TEG) were compared 

from admission to 72 hours between VTE (n=83) and non-VTE (n=475) patients. p<0.05 indicated 

significance.

Results—Despite similar patient demographics, VTE patients exhibited hypercoagulable TEG 

parameters and enhanced PF at admission (p<0.05). Both groups exhibited hypocoagulable TEG 

parameters, platelet dysfunction and suppressed clot lysis (low LY30) 2HR following admission 

(p<0.05). VTE patients exhibited delayed coagulation recovery (a significant change compared to 

2HR) of K (48 vs 24HR), α-angle (no recovery), MA (24 vs 12HR) and LY30 (48hrs vs 12HR). 

PF recovery mediated by arachidonic acid (72 vs 4HR), adensine-5’-diphosphate (72 vs 12HR), 

and collagen (48 vs 12HR) were delayed in VTE patients. VTE patients had lower mortality (4% 

vs 13%, p<0.05), but less hospital free days (0 (0–8) vs 10 (0–20), p<0.05) and higher 

complication rates (p<0.05).
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Conclusion—Recovery from platelet dysfunction and coagulopathy following severe trauma 

were delayed in VTE patients. Suppressed clot lysis and compensatory mechanisms associated 

with altered coagulation that may potentiate VTE formation require further investigation.
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INTRODUCTION

The prevention of venous thromboembolism (VTE) following traumatic injury is an ongoing 

challenge. VTE occurs in as many as 25% of trauma patients with pharmacological 

prophylaxis,1 and 58% in non-prophophylaxed patients,2 and is associated with an increased 

risk of morbidity and mortality.3, 4 As defined by Virchow’s triad, the core factors that 

contribute to thrombosis are static blood flow, endothelial injury and hypercoagulability.5 

Therefore, indices of hypercoagulability, such as enhanced thrombin formation, 

hypercoagulable thromboelastography (TEG) parameters,1, 6, 7 platelet levels,810 enhanced 

platelet function,9 and fibrinogen activity10 have all been identified as key clinical risk 

factors for VTE formation following trauma.

The rationale for targeting enhanced coagulation and platelet formation pathways to prevent 

VTE formation appears to be contradictory during severe traumatic hemorrhage, for the 

combined effect of injury and hemorrhage induces the development of acute traumatic 

coagulopathy (ATC).11 ATC is primarily mediated by the hypocoagulable effects of the 

activated protein C (aPC) pathway, although enhanced fibrinolysis,12 platelet 

dysfunction,13–15 and other hypocoagulable pathways independent of aPC12 also contribute 

to this coagulopathic state. Despite this phenomenon, VTE development is still prevalent in 

this patient population. Recent findings from The Pragmatic Randomized Optimal Platelet 

and Plasma Ratios (PROPPR) trial, which enrolled 680 severely injured hemorrhaging 

patients predicted to receive a massive transfusion, showed that 15% of patients had a 

thrombotic event (deep vein thrombosis (DVT) or pulmonary embolism (PE)) during the 

duration of the study.16

While the mediators of VTE development following severe hemorrhage are not known, the 

recovery process from ATC may be a contributing factor. Using platelet aggregometry, 

Kutcher et al. 13 showed that multiple platelet function pathways are initially inhibited by 

trauma, but then are slowly restored over time. However, platelet function restoration has not 

been evaluated specifically following severe traumatic hemorrhage, or in patients who 

developed a VTE. Since hypercoagulability enhances VTE development, we hypothesize 

that an early onset of recovery from coagulopathy and/or platelet dysfunction following 

traumatic hemorrhage enhances coagulation, serving as a precursor for VTE development. 

By utilizing the PROPPR database to target a population of patients who would exhibit ATC 

and impaired platelet function, we performed a secondary analysis of prospectively collected 

data to characterize the trajectory of coagulation and platelet function over time in severely 

injured trauma patients with and without VTE.
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METHODS

The PROPPR trial randomized 680 severely injured trauma patients from 12 level 1 trauma 

centers to receive either 1:1:1 or 1:1:2 ratios of plasma: platelets: red blood cells (RBCs). 

The eligibility criteria for the PROPPR trial are previously described. 16 For this analysis, 

patients were dichotomized into either the non-VTE or VTE group. The VTE group was 

defined as patients who developed a DVT or PE (asymptomatic or symptomatic). DVT was 

diagnosed with duplex ultrasound. PE was diagnosed by CT angiogram, pulmonary 

angiogram, or ventilation perfusion scan. However, screening and diagnosis of 

thromboembolic events was not standardized in PROPPR. To remove patients who did not 

live long enough to have the chance to develop a VTE, patients who died within 24 hours 

were excluded from the analysis. To remove the bias for VTE prevention, patients prescribed 

anticoagulants prior to admission (warfarin, Plavix, aspirin, thrombin inhibitors, or other) 

were also excluded.

Admission patient characteristics including age, body mass index, and sex (% male), were 

compared between VTE and non-VTE patients. Injury profile characteristics, such as 

mechanism of injury (blunt vs penetrating), Injury Severity Score (ISS), Glasgow Coma 

Scale score (GCS), and injury types associated with VTE including chest trauma, long bone 

fracture, pelvic fracture, pulmonary contusion, spinal cord injury, spine fracture, and venous 

injury were also compared between groups. Clinical outcomes (hospital free days, ICU free 

days, ventilator free days, acute lung injury (ALI), acute respiratory distress syndrome 

(ARDS), acute kidney injury (AKI), systemic inflammatory response syndrome (SIRS), 

infection, sepsis, multiple organ failure, death), total blood products over 24 hours (plasma, 

RBCs and platelets), procoagulant use (Aminocarproic Acid, Tranexamic Acid, Prothrombic 

Complex Concentrate, Quickclot, Gelform, Evicel, Thrombin, Vitamin K, or Factors VIIa, 

VII, & IX), and transfusion ratios (1:1:1 versus 1:1:2) were also compared between groups.

During the PROPPR trial, blood samples were drawn at admission, and 2, 4, 6, 12, 24, 48, 

and 72 hours following admission. Samples were assessed for whole blood coagulation 

using TEG, and platelet function using Multiplate® aggregometry. Parameters assessed by 

TEG included time to clot initiation (R), time to 20mm clot displacement (K), rate of clot 

formation (α-angle), clot strength (MA), and clot lysis at 30 minutes (LY30). Parameters of 

platelet function aggregation included the contribution of arachidonic acid (ASPI), 

adensine-5’-diphosphate (ADP), collagen (COL), von Willebrand Factor (RISTO), and 

glycoprotein IIb/IIIc (TRAP). Plasma samples were also assessed for fibrinogen levels and 

coagulation factor activity.

Data were analyzed using SPSS statistical software, version 22.0 (SPSS, Inc, Chicago, IL). 

Baseline patient demographics and clinical outcomes between VTE and non-VTE patients 

were compared using χ2 tests or Mann-Whitney U test. A multivariate logistical regression 

analysis was also conducted to identify risk factors for VTE in this patient population. 

Factors used for the regression analysis included age, BMI, mechanism of injury, sex, ISS, 

GCS, GCS≤8, hospital free days, ICU free days, ventilator free days, ARDS, AKI, SIRS, 

infection, sepsis, transfusion group, total blood products over 24 hours (plasma, RBCs and 

platelets), long bone fracture, venous injury, spinal fracture, spinal cord injury, pulmonary 
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contusion, OR procedure, and systolic blood pressure of <90mmHg at admission. 

Differences in TEG and platelet function between the non-VTE and VTE groups at each 

time point were compared with a Kruskal Wallis test. Overall differences in TEG and 

platelet function within groups over time were compared using a Friedman test, followed by 

a Wilcoxon Signed Rank Test with Bonferroni correction to compare specific differences 

between time points within each group. p<0.05 indicated statistical significance.

RESULTS

Patient Characteristics and Complication Incidence

After excluding for 24-hour mortality and anticoagulant use, 558 patients were included in 

the analysis and dichotomized into the non-VTE (n=475) or VTE (n=83) group. Age, BMI, 

mechanism of injury, sex, ISS, and GCS, or injury patterns that are associated with VTE 

development (chest trauma, long bone fracture, pulmonary contusion, venous injury, spine 

fracture, spinal cord injury and pelvic fracture) did not differ between non-VTE and VTE 

patients (Table 1). There were no differences in EMS transport time, or the administration of 

prehospital normal saline, hypertonic saline, crystalloid, plasmalite, albumin, hextend, 

colloid, RBCs, plasma, platelets, prothrombin complex concentrate (PCC), or tranexamic 

acid (TXA). The only difference in prehospital treatment was an increase in lactated ringers 

administration in the VTE group (700 (0, 1200) ml) versus non-VTE group (0 (0,0) ml); 

p<0.01). The median time to VTE occurrence was 2 (1,4) days. Patients who developed 

VTE received more units of RBCs (p<0.05) and plasma (p<0.05) over 24 hours, but similar 

amount of platelets (Table 2). The percent of patients randomized to 1:1:1 versus 1:1:2 

resuscitation was also similar between groups. VTE patients also had fewer hospital free 

days, ICU free days, and ventilator free days (p<0.05 for all). Complications (Table 3) were 

prevalent in the VTE group, with higher rates of SIRS, AKI, infection, sepsis, and ventilator 

associated pneumonia (p<0.05 for all). Despite excluding patients for 24-hour mortality, 

mortality was higher in the non-VTE group (p<0.05). Regional (head, neck, face chest, 

abdomen, extremity, external) AIS values did not differ between groups. Multivariate 

regression analysis identified sepsis (OR: 2.10 (1.14–3.87), infection (1.86 (1.03–3.38) and 

ventilator free days (1.04 (1.01–1.07) as risk factors for VTE. Hospital free days (0.95 

(0.91–0.99) was a negative risk factor for VTE.

Within the VTE group, 7% of patients presented with only DVT, 6% of patients presented 

with only PE, and 3% of patients presented with both DVT and PE. There was no 

association between injury patterns and the development of DVT and/or PE, and there were 

no differences in GCS or AIS for any region between patients who had no VTE, DVT or PE 

only, or both DVT and PE. Although previous studies identify chest trauma as a predictor for 

the development of PE,17–19 the occurrence of chest trauma was similar between patients 

without VTE (49%), DVT only (49%), PE only (57%), or with both DVT and PE (36%).

TEG parameters in non-VTE and VTE patients

Relative to non-VTE patients, VTE patients also exhibited hypercoagulable TEG values at 

admission, specifically a lower K-time, higher α-angle, and higher MA (Figures 1 & 2, all 

p<0.05). Similar to Cotton et al.,6 there was a higher percentage of patients with admission 
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MA>65 in the VTE group (43%) compared to the non-VTE group (26%; p<0.001). At the 2-

hour time point, TEG parameters trended towards hypocoagulability in both non-VTE and 

VTE patients relative to admission levels, characterized by elevated R and K, and lower α-

angle and MA (p<0.05 vs admission). In both groups, the K, α-angle, and MA slowly 

recovered towards admission levels, while the R elongated over time.

Contrary to hypocoagulable TEG parameters, both groups showed inhibition of clot lysis 

(LY30) at the 2-hour time point. Furthermore, the occurrence of complete fibrinolytic 

shutdown (LY30=0%) was similar between non-VTE (32%) and VTE (30%; p=0.46) 

patients. In contrast to the non-VTE patients, the onset of recovery (defined as the first time 

point when there was a significant rise in the TEG parameter compared to the 2-hour time 

point) for K (48 vs 24 hours), MA (24 vs 12 hours), and LY30 (48 vs 12 hours) was delayed 

in VTE patients (Figure 2). The α-angle remained attenuated at the 72-hour time point in 

VTE patients. (Figure 2).

Platelet function activity in non-VTE and VTE patients

Relative to the non-VTE group, the VTE group also exhibited enhanced platelet function at 

admission, specifically for ASPI, COL, RISTO, and TRAP aggregation (p<0.05, Figures 3 

& 4). Similar to Kutcher et al.,17 both non-VTE and VTE patients exhibited a profound 

attenuation of all platelet function parameters at the 2-hour time point (p<0.05 vs admission, 

Figures 3 & 4), which slowly recovered over time (p<0.05 vs 2-hour). Similar to TEG, the 

onset of platelet function recovery was delayed in VTE patients, specifically for ADP (72 vs 

12 hours), ASPI (72 vs 4 hours), and COL (48 vs 12 hours) (Figure 3). The onset of 

recovery for RISTO and TRAP occurred at the same time point in both non-VTE and VTE 

patients (Figure 4).

Plasma markers of hypercoagulability in non-VTE and VTE patients

In agreement with the TEG and platelet function data, patients with VTE exhibited higher 

procoagulant factor activity at admission (Table 4), particularly for Factors V, VII, VIII, IX, 

X, XI, XII (all p<0.05 versus non-VTE patients). Fibrinogen levels were also higher in VTE 

patients at admission (p<0.001). There was no difference in these plasma markers between 

groups at any other time point.

DISCUSSION

In agreement with previous studies, this study confirms that severely injured trauma patients 

exhibit acute platelet dysfunction and coagulopathy relative to admission values that 

recovers over time. Furthermore, patients who develop VTE following trauma exhibited 

hypercoagulable TEG parameters and enhanced platelet function at admission relative to 

non-VTE patients, and were at higher risk for complications. However, this is the first study 

to test the hypothesis that an earlier onset of platelet function and/or coagulation recovery is 

associated with VTE. Contrary to our hypothesis, the onset of recovery for platelet 

dysfunction and coagulopathy was delayed in VTE patients, suggesting that an alternative 

mechanism contributes to VTE development in this patient population.
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Hypercoagulable TEG parameters predict the development of VTE in trauma, surgical and 

ICU patients.1, 6, 7 In agreement, our study also showed that VTE patients exhibited several 

TEG and platelet function parameters that trended towards hypercoagulability at admission. 

These patients also exhibited higher plasma levels of several coagulation factors that 

enhance coagulation and promote thrombosis. Furthermore, VTE patients were given more 

RBCs and plasma within the first 24 hours, and were more susceptible to complications 

throughout the duration of the study. Despite these characteristics, it was surprising that over 

time the VTE patients showed a subsequent inhibition of coagulation and platelet function 

similar to non-VTE patients, and that the onset of platelet function and coagulation recovery 

was delayed, especially since the median time to VTE occurrence was 2 days. The delayed 

onset of recovery for the K, α-angle, MA and Multiplate® platelet aggregation pathways 

would indicate that clot formation and stability would prevent, rather than enhance, VTE 

development. Taken together, this may suggest that the coagulation state at admission and 

the amount of blood product given in the first 24 hours may have important roles in 

determining whether a patient is prone to VTE development. Alternatively, the delayed 

recovery of platelet function and coagulation may have placed patients at higher risk for 

complications and longer hospital stay, resulting in subsequent VTE development. In support 

of this hypothesis, both length of stay and sepsis are preceded by VTE, and thus are a result 

of rather than a risk factor for VTE.

It is also possible that an alternative mediator of VTE development may be upregulated to 

compensate for the prolonged attenuation of coagulation and platelet function in the VTE 

group. Several studies have indicated that fibrinogen acts as a compensatory mechanism for 

platelet dysfunction and coagulopathy following severe injury.13, 20–22 In turn, this could 

also enhance VTE risk in our patient population. Fibrinogen significantly contributes to clot 

strength, ranging from 23% in healthy individuals 9, 10 to over 40% in trauma patients. 20 

Moore et al. 21 showed that compared to healthy controls, the overall contribution of 

functional fibrinogen to clot strength was higher in trauma patients while ADP-mediated clot 

strength was suppressed. Impairment of functional fibrinogen was rare, occurring in only 

10% of trauma patients compared to 78% of patients who exhibited attenuated ADP-

mediated platelet function.

As an index of fibrinogen contribution to clot strength, a novel finding from this study shows 

that unlike AA, ADP and collagen (Figure 3), the onset of recovery for von-Willebrand 

factor (activated by RISTO) and glycoprotein IIb/IIc-mediated platelet aggregation 

(activated by TRAP, Figure 4) were similar between VTE and non-VTE patients. Since 

fibrinogen binds to the glycoprotein IIb/IIc receptor on platelets,23 this shows that fibrinogen 

is an early mediator of platelet activation during the recovery process. Given that fibrinogen 

is more resilient in maintaining clot strength following trauma compared to ADP, 24 the 

contribution of fibrinogen to clot strength and platelet activation in patients who develop 

VTE following severe trauma merits further investigation.

An alternative interpretation of the platelet function data is that the platelets are activated in 

response to trauma. Therefore, platelet aggregation studies are interpreted to show platelet 

inhibition using the Multiplate® assay because the receptors for each agonist are already 

saturated due to the effects of trauma. If this is the case, then the delayed onset of recovery 
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that we observe with the platelet function test indicates that the platelets are active for longer 

in the VTE group, potentially contributing to enhanced platelet-mediated clot strength for a 

longer period of time. However, future studies are required to determine if severe trauma 

maximally stimulates, rather than inhibits, platelet aggregation. Studies are also needed to 

determine the functionality of the platelets that are transfused into the patient.

The prolonged inhibition of clot lysis may also contribute to VTE development in this 

patient cohort. Hypofibrinolyis is a strong predictor for VTE,25–27 and despite overall signs 

of prolonged coagulopathy and platelet function, the VTE group exhibited a delayed 

restoration of LY30. This suggests that while the restoration of clot formation and absolute 

clot strength are compromised, patients who developed a VTE were more susceptible to 

maintaining formed clots for a longer period of time. The mechanisms of the suppressed 

fibrinolysis are unclear, but similar to fibrinogen this could also be a compensatory response 

to impaired coagulation and platelet function following trauma. Lack of fibrinolysis 

observed following trauma has been described as fibrinolysis shutdown and has been 

associated with increased mortality.24 Future assessment of plasma markers that promote 

and inhibit fibrinolysis, such as tissue plasminogen activator (tPA) plasminogen activated 

inhibitor 1 (PAI-1), and thrombin activatable fibrinolysis inhibitor (TAFI), is needed to 

further determine the mechanisms that delay the onset of fibrinolysis in this patient cohort.

Limitations to this study must be considered. First, this is a secondary analysis of 

prospectively collected data, which limits the parameters that can be assessed. For example, 

it would have been ideal to know which patients received VTE prophylaxis and when it was 

administered during their hospital stay, but these data were not recorded. Furthermore, not 

all patients were hypocoagulable at admission. This may be explained by the findings from 

the primary PROPPR paper, where 46% (313/680) patients received a massive transfusion.16 

Although massively bleeding patients are known to be hypocoagulable, the other 64% were 

moderately injured, which can lead to hypercoagulability. In addition, coagulation will 

correct towards a normal state over time and with the administration of additional blood 

products, which may also explain why we observed attenuated coagulation at the 2HR time 

point compared to admission. Second, we did not observe significant changes in TEG and 

platelet function parameters between non-VTE and VTE patients at specific time points 

during the recovery period. Ideally, identifying abnormal values would be a more definitive 

clinical tool in predicting VTE. The lack of difference between groups may be contributed to 

by the lower number of VTE patients compared to non-VTE patients, which may have 

reduced the power of the analysis. Furthermore, the limited number of VTE patients in the 

total patient cohort also prevents the analysis of these responses at each clinical site.

CONCLUSIONS

Our study showed that despite relative hypercoagulable TEG parameters and enhanced 

platelet function on admission, the onset of recovery from coagulopathy and platelet 

dysfunction following severe trauma is delayed in patients with VTE. This suggests that a 

hypercoagulable state at admission may be a critical time point in determining if a patient is 

vulnerable for VTE development over time. Compensatory mechanisms, such as an 

enhanced role for functional fibrinogen, may also be the underlying cause of VTE 
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formation. Clot lysis also remained attenuated for a longer period of time, suggesting that 

VTE development may also be linked to suppressed fibrinolysis rather than the early onset 

of clot formation. Future studies examining plasma markers of clot stability and lysis are 

warranted to identify the mechanisms that contribute to VTE development in patients with 

severe traumatic injury.
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Figure 1. 
Time course of TEG parameters (R, K, α-angle) relative to clot formation in non-VTE (top) 

and VTE (bottom) patients. The change in shade refers to each time point, ranging from 

admission to 72 hours. #p<0.05 vs No VTE at admission; †p<0.05 vs 2HR within group. 

Data are presented as median (IQR).
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Figure 2. 
Time course of TEG parameters (MA, and LY30) relative to clot strength and lysis in non-

VTE (top) and VTE (bottom) patients. The change in shade refers to each time point, 

ranging from admission to 72 hours. #p<0.05 vs No VTE at admission; †p<0.05 vs 2HR 

within group. Data are presented as median (IQR).
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Figure 3. 
Time course of ADP, ASPI, and COL-mediated platelet aggregation in non-VTE (top) and 

VTE (bottom) patients. The change in shade refers to each time point, ranging from 

admission to 72 hours. #p<0.05 vs No VTE at admission; †p<0.05 vs 2HR within group. 

Data are presented as median (IQR).
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Figure 4. 
Time course of RISTO and TRAP-mediated platelet aggregation in non-VTE (top) and VTE 

(bottom) patients. The change in shade refers to each time point, ranging from admission to 

72 hours. #p<0.05 vs No VTE at admission; †p<0.05 vs 2HR within group. Data are 

presented as median (IQR).
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Table 1

Patient Characteristics

Patient Profile No VTE (n=475) VTE (n=83) P-value

Age 32 (24, 47) 38 (27, 47) 0.92

Sex (% male) 82% 81% 0.87

Body Mass Index 26 (23, 30) 27 (24, 30) 0.38

Injury Profile

Mechanism of Injury (% blunt vs penetrating) 49% 57% 0.28

Injury Severity Score 26 (16, 36) 27 (19, 41) 0.17

Glasgow Coma Score 14 (3, 15) 14 (3, 15) 0.38

Chest Trauma 50% 50% 0.90

Long Bone Fracture 41% 49% 0.15

Pelvic Fracture 24% 22% 0.68

Pulmonary Contusion 27% 23% 0.50

Spinal Cord Injury 2% 1% 0.99

Spine Fracture 27% 24% 0.60

Venous Injury 25% 22% 0.58

Data are presented as median (IQR) or percent occurrence.
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Table 2

Transfusion Units and Procoagulants Received

No VTE (n=475) VTE (n=83) P-value

Total Red Blood Cells 24hrs 8 (7, 15) 9 (7, 15) <0.05

Total Plasma 24hrs 5 (2, 10) 7 (4, 12) <0.05

Total Platelet 24hrs 6 (6, 12) 6 (6, 18) 0.34

% Patients Randomized to 1:1:1 group 50% 47% 0.36

% Patients Given Procoagulants* 24% 30% 0.16

Data are presented as median (IQR) or percent occurrence.

*
Procoagulants administered during the PROPPR trial include Aminocarproic Acid, Tranexamic Acid, Prothrombic Complex Concentrate, 

Quickclot, Gelform, Evicel, Thrombin, Vitamin K, or Factors VIIa, VII, & IX.
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Table 3

Clinical Outcomes

Length of Stay No VTE (n=475) VTE (n=83) P-value

Total Hospital Days 16 (8, 29) 30 (22, 30) <0.001

Hospital Free Days 10 (0, 20) 0 (0, 8) <0.01

ICU Free Days 6 (1, 11) 10 (3, 16) <0.001

Ventilator Free Days 8 (4, 15) 15 (8, 24) <0.001

Complications

Acute Lung Injury 17% 15% 0.59

SIRS 72% 83% <0.05

Acute Kidney Injury 26% 36% <0.05

Infection 31% 61% <0.001

Sepsis 28% 60% <0.001

Multiple Organ Failure 6% 8% 0.33

ARDS 14% 22% 0.09

Ventilator Associated Pneumonia 19% 34% <0.01

Death 13% 4% <0.05

Data are presented as median (IQR) or percent occurrence.
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Table 4

Prothrombotic Markers at Admission

No VTE VTE P-value

Factor II (% activity) 65 (49,78) 70 (62, 83) <0.01

Factor V (% activity) 55 (35, 77) 68 (49,86) <0.01

Factor VII (% activity) 77 (60 ,94) 85 (66, 107) <0.05

Factor VIII (% activity) 230 (149, 301) 287 (224, 410) <0.01

Factor IX (% activity) 106 (76, 136) 127 (108, 171) <0.001

Factor X (% activity) 72 (56, 88) 80 (67, 99) <0.01

Factor XI (% activity) 83 (57, 118) 111 (81, 129) <0.001

Factor XII (% activity) 82 (58, 113) 95 (72, 124) <0.05

Fibrinogen (ml/dL) 163 (123, 215) 202 (155, 251) <0.001

Data are presented as median (IQR).
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