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Abstract

BACKGROUND—Thromboelastography (TEG) is used to diagnose perturbations in clot 

formation and lysis that are characteristic of acute traumatic coagulopathy (ATC). With novel 

functional fibrinogen (FF) TEG, fibrin- and platelet-based contributions to clot formation can be 

elucidated to tailor resuscitation and thromboprophylaxis. We sought to describe the longitudinal 

contributions of fibrinogen and platelets to clot strength after injury, hypothesizing that low levels 

of functional fibrinogen and a low contribution of fibrinogen to clot strength on admission would 

be associated with coagulopathy, increased transfusion requirements, and worse outcomes.

METHODS—603 longitudinal plasma samples were prospectively collected from 251 critically-

injured patients at a single Level 1 Trauma Center from 0–120h. TEG maximal amplitude (MA), 

FF MA, FF levels (FLEV), von Clauss fibrinogen, and standard coagulation measures were 

performed in parallel. Percentage contributions of FF (%MAFF) and platelets (%MAplatelets) were 

calculated as each MA divided by overall kaolin TEG MA.

RESULTS—Coagulopathic patients (INR>=1.3) had significantly lower admission %MAFF than 

non-coagulopathic patients (24.7% vs. 31.2%, p<0.05). Patients requiring plasma transfusion had a 

significantly lower admission %MAFF (26.6% vs. 30.6%, p<0.05). Higher admission %MAFF was 

predictive of reduced mortality (HR 0.815, p<0.001). %MAplatelets was higher than %MAFF at all 

time points, decreased over time, and stabilized at 72 hours (69.4% at 0h, 56.2% at 72h). In 

contrast, %MAFF increased over time and stabilized at 72 hours (30.6% at 0h, 43.8% at 72).
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CONCLUSION—FF TEG affords differentiation of fibrin- versus platelet-based clot dynamics. 

Coagulopathy and plasma transfusion were associated with a lower %MAFF. Despite this 

importance of fibrinogen, platelets had a greater contribution to clot strength at all time points 

after injury. This suggests that attention to these relative contributions should guide resuscitation 

and thromboprophylaxis, and that antiplatelet therapy may be of under-recognized importance to 

thromboprophylaxis after trauma.

LEVEL OF EVIDENCE—Level IV; prognostic
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Functional fibrinogen; clot strength; thromboprophylaxis

BACKGROUND

The accurate identification and treatment of acute traumatic coagulopathy (ATC) is of 

utmost importance in the care of trauma patients, as these patients have significant 

associated morbidity and mortality (1–4). Indeed, the 25–33% of severely injured patients 

who suffer from ATC often present with uncontrolled hemorrhage and have a high 

incumbent mortality unless rapid hemostatic resuscitation is instituted. Because of this, the 

timely identification and treatment of ATC is crucial. Viscoelastic testing via 

thromboelastography (TEG) is poised to replace traditional plasma-based tests (INR, PTT) 

in the diagnosis of perturbations in clot formation and lysis characteristic of ATC, as well as 

the guidance of resuscitation and thromboprophylaxis (5–10). TEG measures clot formation 

and lysis in real-time in a sample of whole blood by producing a characteristic tracing from 

which several parameters are identified.

Clot formation is the end result of a sequential protease activation cascade resulting in 

platelet activation and fibrin deposition and crosslinking. The TEG parameter maximal 

amplitude (MA) is purported to be a measure of total clot strength, but until recently the 

relative contributions of platelets and fibrin to this clot strength have been unknown. 

Historically, the function of fibrinogen was represented by the TEG parameters kinetic time 

and alpha angle, as they are measures of the rapidity of fibrin buildup and crosslinking, but 

the correlations between these measures and fibrinogen levels measured by the traditional 

von Clauss assay (11) have been suboptimal (12, 13). Recently however, the relative fibrin- 

and platelet-based contributions to clot formation can be elucidated with by the addition of 

the functional fibrinogen (FF) TEG. Harr et al. recently validated FF TEG in a small cohort 

of trauma patients (12). This assay monitors activated clot formation in the presence of a 

glycoprotein IIb/IIIa receptor blocker. In this modified TEG assay, all viscoelastic 

parameters measured are the result of fibrin deposition alone because the glycoprotein IIb/

IIIa receptor blocker antagonizes the platelet contribution to clot strength (MA), and 

therefore any remaining clot strength (MA) is due to the fibrin contribution (14, 15). From 

this FF TEG, two important parameters are obtained. The first, functional fibrinogen 

maximal amplitude (FF MA) is the maximal clot strength due to the polymerization of fibrin 

alone. The second, functional fibrinogen level (FLEV) is calculated by analytical software 

through a transformation of the FF MA to approximate the concentration of ‘functional’ 

fibrinogen contained in the sample (16). This crucial differentiation between platelet and 
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fibrin contributions to clot strength can assist in tailoring both early resuscitation and later 

thromboprophylaxis. We sought to explore the longitudinal relative contributions of 

fibrinogen and platelets to clot strength after injury, hypothesizing that a low level of 

functional fibrinogen (FLEV) and a low contribution of fibrinogen to clot strength on 

admission would be associated with coagulopathy, transfusion requirements, and worse 

outcomes.

METHODS

Longitudinal plasma samples were prospectively collected from 251 critically-injured 

trauma patients at a single Level 1 Trauma Center on arrival and at 2, 3, 4, 6, 12, 24, 48, 72, 

96, and 120 hours after admission to a Level I urban trauma intensive care unit (ICU).

Our methodology for collection of whole blood for viscoelastic testing has been described 

previously (17). Briefly, admission samples were collected via initial placement of a 16G or 

larger peripheral intravenous line; subsequent samples were collected via indwelling arterial 

catheters. Standard laboratory vacuum-sealed tubes containing 3.2% (0.109 mol/L) sodium 

citrate were used for all draws. After a waiver of consent was applied for initial blood draws, 

informed consent was obtained from all patients, as approved by the University of California 

Committee on Human Research. A total of 603 samples were analyzed on 251 patients. 

Demographics, resuscitation data, clinical laboratory results, and outcomes were collected in 

parallel. Point-of-care thromboelastography (TEG) was performed to assess viscoelastic 

properties of clot formation with the TEG 5000 (Haemonetics; Niles, Il) immediately after 

sample collection. One mL of citrated whole blood was added to a manufacturer-

standardized vial containing the clotting activator kaolin and mixed. Following this, 340 uL 

was transferred from the kaolin vial to the TEG cup, warmed to 37°C, and recalcified with 

20 uL of 0.2 mol/L CaCl2. For the FF TEG, 500 uL of citrated blood was added to the FF 

vial (kaolin + glycoprotein IIb/IIIa antagonist) and mixed; 340 uL was then transferred to 

the TEG cup, and warmed and recalcified as above. In parallel, plasma fibrinogen 

concentration was assayed by the von Clauss method (11) and plasma-based standard 

coagulation measures were performed. Platelet contribution to clot strength was calculated 

as MATEG−MAFF=MAplatelets. Percentage contributions of FF (%MAFF) and platelets 

(%MAplatelets) were calculated as each respective MA divided by the overall kaolin TEG 

MA. Coagulopathy was defined by admission INR>=1.3. Thrombocytopenia was defined by 

platelets <= 200. Multi-organ failure was defined using the Denver Postinjury Multiple 

Organ Failure Score (18–20).

Data are presented as mean (SD), median (interquartile range), or percentage; univariate 

comparisons were made using Student’s t test for normally distributed data, Wilcoxon rank 

sum or Kruskal Wallis testing for skewed data, and Fisher’s exact test for proportions. 

Intergroup comparisons between multiple groups were only judged significant when 

corrected for multiple comparisons using a standard Bonferroni correction. Linear regression 

was used to assess correlations between prospectively collected TEG values and laboratory 

values. Cox proportional hazards regression was used to identify predictors of mortality. An 

[alpha] = 0.05 was considered significant. All analysis was performed by the authors using 

Stata version 12 (StataCorp, College Station, TX).
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RESULTS

The 251 patients were a standard trauma population: median age 35 years (24–50 years), 

80.7% male, and blunt mechanism of injury in 52.6%. A median ISS score of 9 and median 

admission base deficit of −3.1 (−8.7−1.5) reflected an injured population (Table 1). The 

median INR on admission was 1.1; coagulopathy (INR>=1.3) was present in 16.7% of 

patients. Median admission platelet count and fibrinogen were within respective normal 

ranges (platelet 274×109/L, IQR 229–335; fibrinogen 221 mg/dL, IQR 163–294; Table 1). 

Platelets contributed a median of 69.5% and fibrinogen a median of 30.5% to clot strength 

on admission (Table 1). 31.6% of the cohort was transfused with packed red blood cells 

(pRBC), 18.9% with plasma (FFP), and 14.2% with platelets within 24 hours. Multi-organ 

failure developed during admission in 4.4%, and in-hospital mortality was 10.2% (Table 1).

First, we confirmed in our patient population the recently published finding from Harr et al. 

(12) that FLEV correlates with standard von Clauss fibrinogen better than the historic TEG 

measures of fibrinogen function (kinetic time and alpha angle). 603 FF TEGs were 

performed on longitudinal samples from 251 patients. For all time points, FLEV correlated 

strongly with von Clauss fibrinogen levels (R2=0.57, p<0.001; Figure 1a), but weakly with 

TEG kinetic time and alpha angle (R2=0.01, p=0.095; and R2=0.03, p=0.004, Figure 1b & 

1c). We then confirmed that clot strength (CK MA) and FLEV correlated on each day out to 

5 days (0h R2=0.55, p<0.001; 24h R2=0.56, p<0.001; 48h R2=0.44, p<0.001; 72h R2=0.61, 

p<0.001; 96h R2=0.64, p<0.001; 120h R2=0.49, p<0.001).

Next, for univariate comparisons between patients with different levels of functional 

fibrinogen (FLEV) on admission, we isolated patients with high and low functional 

fibrinogen levels from mid-range functional fibrinogen levels by dividing the cohort into 

percentiles by FLEV. Patients in the 0–25th FLEV percentile had median values of 281 

mg/dL (IQR 235–307); those in the 25th–75th FLEV percentile had median values of 370 

mg/dL (IQR 343–398); and those in the 75th–100th percentile had median values of 461 

mg/dL (IQR 440–501; Table 2). The patients in the lowest FLEV percentile were younger 

than those in the highest FLEV percentile (‘low’ median age 26.5 years, IQR 23–41; ‘high’ 

median age 40 years, IQR 33–51.5; p<0.017 corrected for multiple comparisons), but had no 

statistically significant differences in injury severity or admission base deficit (all p>0.05; 

Table 2).

However, those in the lowest admission FLEV percentile had the highest rate of 

coagulopathy (25%) and thrombocytopenia (20.8%), and not surprisingly the lowest von 

Clauss fibrinogen levels (159 mg/dL, IQR 139–201, p<0.017 corrected for multiple 

comparisons; all p<0.05; Table 2). Patients in both the lowest and highest admission FLEV 

percentiles had higher packed red blood cell transfusion requirements (29% in ‘low’; 14.3% 

in ‘mid’; 33.3% in ‘high’; p=0.030). However, the patients in the lowest FLEV percentile 

had the highest plasma transfusion requirements (22.4% in ‘low’; 8.3% in ‘mid’; 5.5% in 

‘high’; p=0.033). Those patients in the lowest FLEV percentile trended toward higher 

mortality at discharge (12% in ‘low’; 9.4% in ‘mid’; 5.4% in ‘high’; non-significant, 

p=0.658; Table 2). Higher admission FLEV predicted reduced mortality in an unadjusted 

Kornblith et al. Page 4

J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



model (hazard ratio 0.991, p=0.005), whereas von Clauss fibrinogen did not (hazard ratio 

1.00, p=0.601).

Next, we compared patients with low, intermediate, and high clot strength by CK MA 

percentiles (mean CK MA 57.7mm vs. 65.4mm vs. 72.6mm, p=0.0010, Supplement 1). The 

51 patients with the lowest clot strength (mean CK MA 57.7) were younger (mean age 36.1 

vs. 37.3 vs. 44.9, p<0.017 corrected for multiple comparisons), but had no significant 

difference in mean injury severity (13.2 vs. 10.1 vs. 9.9, p=0.1493, Supplement 1) than those 

patients with intermediate or high clot strength. As expected, those with the lowest clot 

strength had the highest percentage with coagulopathy (26.1% vs. 11.3% vs. 8.9%, 

p=0.0470), but no statistically significant differences in transfusion needs (24h transfusion 

of pRBC/FFP 28.2% vs. 21.4% vs. 27.9%, p=0.5990, Supplement 1) compared to those with 

intermediate or high clot strength. We then stratified by high and low FLEV levels, split at 

the mean for patients in each percentile of clot strength (Table 3). Notably, the 24 patients 

with low clot strength and low FLEV trended toward higher rates of coagulopathy than 

those with low clot strength and high FLEV (34.8% vs. 10.0%, p=0.0760). Additionally, 

they had significantly worse outcomes, requiring more transfusion of RBC/FFP in 24h 

(40.9% vs. 4.8%, p=0.0090), longer ICU stays (median 1 day vs. 0 day, p=0.0089), fewer 

ventilator-free days (median 27 days vs. 28 days, p=0.0172), and trended toward a higher 

mortality (26.1% vs. 4.8%, p=0.0970, Table 3). However, the patients with normal and high 

clot strength similarly stratified by FLEV levels had no significant differences in 

coagulopathy, transfusion, or mortality (Supplement 2 & 3).

Following this, we calculated the percent contribution of fibrin to clot strength (%MAFF) 

and the percent contribution of platelets (%MAplatelets) to clot strength at all time points 

after injury as described in the methods, and performed univariate comparisons by 

outcomes. Coagulopathic patients (INR>=1.3) had significantly lower admission %MAFF 

than non-coagulopathic patients (Table 4; 24.7% vs. 31.2%, p=0.009). In addition, patients 

requiring plasma transfusion had a significantly lower admission %MAFF (Table 4; 26.6% 

vs. 30.6%, p=0.030). Patients who expired by 24 hours had significantly lower admission 

%MAFF than those who survived (Table 4; 16.8% vs. 30.6% p=0.010). In fact, higher 

admission %MAFF was predictive of reduced mortality in an unadjusted model (hazard ratio 

0.871, p<0.001). Using linear regression, we found that a 10% increase in admission 

%MAFF was associated with an INR decrease of 0.1, 24 hour red blood cell transfusion 

decrease of 2.3 units, and 24 hour plasma transfusion decrease by 1.7 units (all p<0.05). 

Most notable, %MAplatelets was higher than %MAFF at all time points, decreased over time, 

and stabilized at 72 hours (69.4% at 0h, 56.2% at 72h; Figure 2). In contrast, %MAFF 

increased over time and stabilized at 72 hours (30.6% at 0h, 43.8% at 72h; Figure 2).

DISCUSSION

Fundamental hemostatic capacity can be attributed to a combination of the rapidity of 

formation, absolute strength, and breakdown of clot. These mutual determinants of clot 

formation (or failure thereof) account for the dynamic spectrum that spans from thrombosis 

to hemorrhage. Fibrin and platelets are the primary contributors to the absolute clot strength, 

which is represented by the TEG parameter MA, yet until now the relative contribution of 

Kornblith et al. Page 5

J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



fibrin deposition to clot strength over time after injury has been unknown. Additionally, 

knowledge regarding the relative contribution of platelets to hemostasis has been missing. 

These crucial knowledge gaps may contribute to the polar differences in international 

resuscitation practices and thromboprophylaxis. Addressing these unknown relative 

contributions of fibrinogen and platelets to clot strength after injury are of critical 

importance for evidence-based guidance of early resuscitation and later thromboprophylaxis 

(21), given opposing fibrinogen-based European and platelet-based United States 

resuscitation practices (22–26).

With the addition of the TEG functional fibrinogen test, novel differentiation of fibrin- 

versus platelet-based clot dynamics can assist in tailoring both early resuscitation and later 

thromboprophylaxis. Our data confirms recently published work by Harr et al. (12) 

suggesting that functional fibrinogen levels correlate with standard fibrinogen levels better 

than the historic TEG measures of fibrin buildup and crosslinking (kinetic time and alpha 

angle). In addition, we found that patients with low admission functional fibrinogen levels 

are more commonly coagulopathic and require more transfusions, suggesting a role for FF 

testing in the evaluation of ATC and the future prediction of transfusion needs. Most 

importantly, patients with higher admission functional fibrinogen levels had reduced 

mortality whereas patients with higher von Clauss fibrinogen did not; In fact, for a 1mg/dL 

increase in functional fibrinogen levels, there was a 1% decrease in the risk of mortality at 

discharge (hazard ratio 0.991, p=0.005). This new functional measurement may better 

predict mortality in real-time compared to standard laboratory fibrinogen levels.

Notably, in stratification of patients into low, intermediate, and high clot strength, the 

finding that only in patients with the lowest clot strength does a low functional fibrinogen 

level associate with coagulopathy, transfusion needs, and worse outcomes (without a 

difference in injury severity) suggests that the level of functional fibrinogen is of critical 

importance in patients with an overall deficiency in the strength of the clot. Injured patients 

with poor overall clot strength and a low functional fibrinogen level may be the appropriate 

target population for transfusion with fibrinogen containing products.

We next demonstrated that in injured patients, both coagulopathy and need for plasma 

transfusion were associated with a lower percent contribution of fibrinogen to clot strength. 

In addition, a higher admission percent contribution to clot strength predicted reduced 

mortality. For a 1% increase in the contribution of fibrinogen to clot strength, there was a 

12.9% decrease in the risk of mortality at discharge (hazard ratio 0.871, p<0.001). These 

findings suggest a major importance of fibrinogen to the hemostatic function of the clot. 

However, despite the importance we found of fibrinogen function in relation to 

coagulopathy, transfusion needs and mortality, we demonstrated that platelets have a larger 

contribution to clot strength at all time points after injury. While specific perturbations of 

fibrinogen and platelets and their role in the functional dynamics of ATC are not completely 

characterized, our findings suggest that attention to the relative contribution of fibrinogen 

and platelet function should guide both early resuscitation and later thromboprophylaxis.

As with other single-center prospective studies of traumatic coagulation, several limitations 

exist. Fibrinogen accounts for approximately 20% of clot strength in normal individuals (12, 
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21), however our study demonstrates that after injury, fibrinogen accounts for 30.5% of clot 

strength on admission which increased to 43.5% over the ensuing 5 days. Like all 

physiologic responses after injury, the injury response is very different from a normal 

population and in order to characterize biomarkers such as functional fibrinogen, we must 

characterize them in a trauma population in relation to outcomes. Fibrinogen is an acute 

phase reactant and may be on the whole higher in patients after injury. Alternatively, the 

increase in the fibrinogen contribution to clot strength after injury may be compensatory for 

the platelet dysfunction seen after injury (27, 28). Additionally, while we can calculate the 

relative contributions of fibrinogen and platelets to clot strength, it remains unknown what 

the importance of each is in ATC. More research is needed to better understand what the 

critical functional deficit is here. Patients with an overall deficit in clot strength and low 

functional fibrinogen levels may be the appropriate target population for fibrinogen 

containing resuscitation, however it is unclear whether fibrinogen transfusion will actually 

correct this deficit. Additionally, given that we demonstrated a critical role of functional 

fibrinogen levels on outcome, the finding that platelets contribute more to clot after injury 

than fibrinogen leaves the critical issue of the functional role of platelets unanswered. The 

functional role of platelets needs to be addressed. Additionally, if anti-platelet therapy is of 

under-recognized importance for thromboprophylaxis, the clinical use of anti-platelet agents 

after trauma needs significant study.

In conclusion, given our findings that low functional fibrinogen levels and a low percent 

contribution of fibrinogen to clot strength on admission were associated with coagulopathy, 

plasma transfusion and mortality, early attention to correction of functional fibrinogen 

deficits may be a useful resuscitation goal. Deeper understanding of the importance of 

fibrinogen levels during resuscitation may prompt more rapid correction of deficits by 

earlier, more liberal use of fibrinogen concentrates. Appealingly, as plasma units also 

contain fibrinogen, a component of the observed benefit of plasma-based resuscitation 

strategies may also be related to earlier correction of fibrinogen deficits. Both of these issues 

deserve ongoing study, for which FF TEG will be a critical tool. Concordantly, given that 

platelets played a greater role in clot strength at all time points after injury, these data 

confirm recent findings that antiplatelet therapy may be of under-recognized importance to 

adequate thromboprophylaxis after trauma (21). In fact, the routine use of heparin-based 

thromboprophylaxis after trauma, by failing to inhibit platelets, may under-treat the 

predominant contributor to clot strength at all time points after injury. This issue is of utmost 

importance to the appropriate treatment of the continued epidemic of hypercoagulability 

after trauma. Future investigations into hypercoagulability after injury using functional 

fibrinogen TEG to examine these relative contributions are underway. Indeed we understand 

that the coagulation milieu after injury is dynamic and complex and it is in this multivariate 

context that the optimal role of functional fibrinogen testing will be understood and further 

studied.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Figure 1a. Correlation of FLEV on fibrinogen at all time points.

FLEV (functional fibrinogen level) mg/dL. Fibrinogen (mg/dL).

Figure 1b. Correlation of kinetic time on fibrinogen at all time points

Kinetic time (min). Fibrinogen (mg/dL).

Figure 1c. Correlation of alpha angle on fibrinogen at all time points.

Alpha angle (degrees). Fibrinogen (mg/dL).
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Figure 2. Mean percent contribution to clot strength over time
%-MA fibrinogen (mean percent contribution of fibrinogen to clot strength). %-MA 

platelets (mean percent contribution of platelets to clot strength).
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TABLE 1

Patient Demographics/Outcomes

N=251

Age (years) 35 (24–50)

Male 80.7%

BMI (kg/m2) 27.2 +/− 6.4

Blunt mechanism 52.6%

Injury severity score 9 (1–19)

Admit GCS 15 (9–15)

Pre-hospital crystalloid volume (mL) 50 (0–250)

Admit temperature (°) 36.4 +/− 0.9

Admit pH 7.3 +/− 0.1

Admit base deficit −3.2 +/− 6.1

Admit INR >=1.3 16.7%

Admit INR 1.1 (1.0–1.2)

Admit PTT (sec) 28.2 (26.4–31.5)

Admit platelets <=200×109/L 13.4%

Admit platelets (x 109/L) 274 (229–335)

Admit fibrinogen (mg/dL) 221 (163–294)

Admit FLEV (mg/dL) 367.4 +/−88.5

Fibrinogen percent contribution to clot at admit 30.5% (27.6–34.2)

Platelet percent contribution to clot at admit 69.5% (65.8–72.4)

Transfused pRBC in 24 hours 31.6%

Transfused FFP in 24 hours 18.9%

Transfused platelets in 24 hours 14.2%

Total hospital days 4 (2–10)

Total ICU days (to 28 days) 0 (0–4)

Ventilator free days (to 28 days) 28 (24–28)

Acute lung injury 7.8%

Multi-organ failure 4.4%

Mortality at discharge 10.2%

*
Patient demographics for the 251 patients. Data are mean +/− SD, median (inter-quartile range), or percentage. Data for skewed variables reported 

as median with inter-quartile ranges. Ventilator free days are counted for the first 28 days of hospitalization. Patients who expired received 0 
ventilator free days.
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TABLE 2

Patient Demographics/Outcomes by admit FLEV percentiles

0–25th Percentile (N=54) 25–75th Percentile (N=95) 75–100th Percentile (N=48) p-value

Age (years) 26.5 (23–41) 33.5 (24–49) 40 (33–52) 0.003

Male 91.0% 75.5% 78.7% 0.071

BMI (kg/m2) 26.1 +/−4.4 27.3 +/− 6.8 31.4 +/− 8.3 0.017

Blunt mechanism 48.1% 48.4% 41.7% 0.738

Injury severity score 4 (1–21) 4.5 (1–11.5) 9 (1–14) 0.468

Admit GCS 15 (9–15) 15 (10–15) 15 (13.5–15) 0.239

Pre-hospital crystalloids volume 
(mL)

100 (0–250) 50 (0–100) 62.5 (0–120) 0.059

Admit temperature (°) 36.5 +/− 0.7 36.5 +/− 0.7 36.6 +/− 0.7 0.628

Admit pH 7.26 +/− 0.2 7.34 +/− 0.1 7.32 +/− 0.1 0.006

Admit base deficit −3.7 +/− 6.4 −1.7 +/− 4.7 −3.2 +/− 6.2 0.518

Admit INR >=1.3 25.0% 7.4% 7.9% 0.015

Admit INR 1.1 (1–1.25) 1.1 (1–1.1) 1.1 (1–1.1) 0.077

Admit PTT (sec) 18.8 (26.8–33.0) 27.7 (25.8–29.7) 28.1 (26.3–32.8) 0.027

Admit platelets <=200×109/L 20.8% 7.4% 2.6% 0.036

Admit platelets (x 109/L) 238 (202–282) 275.5 (230–317) 289.5 (254–374) 0.001

Admit fibrinogen (mg/dL) 159 (139–201) 228 (170–300) 276 (225–382) <0.001

Admit FLEV (mg/dL) 281 (235–307) 370 (343–398) 461 (440–501) <0.001

Fibrinogen percent contribution to 
clot at 0h

25.6 (22.2–27.3) 30.6 (29.2–32.5) 36.8 (35.0–38.8) <0.001

Platelet percent contribution to clot 
at 0h

74.4 (72.7–77.8) 69.4 (67.5–70.8) 63.2 (61.3–65.0) <0.001

Transfused pRBC in 24 hours 29% 14.3% 33.3% 0.030

Transfused FFP in 24 hours 22.4% 8.3% 5.5% 0.033

Transfused platelets in 24 hours 16.3% 7.1% 8.3% 0.262

Total hospital days 3 (1–7) 3 (1–5.5) 3 (2–8) 0.889

Total ICU days (to 28 days) 0.5 (0–3) 0 (0–2) 0 (0–2) 0.201

Ventilator free days (to 28 days) 28 (23–28) 28 (26–28) 28 (28–28) 0.092

Acute lung injury 13% 4.7% 6.7% 0.529

Multi-organ failure 5.6% 1.1% 4.2% 0.197

Mortality at discharge 12% 9.4% 5.4% 0.658

*
Patient demographics for the 197 patients with FLEV at 0 hour. Data are mean +/− SD, median (inter-quartile range), or n (%) as indicated. For 

not-normally distributed variables reported as median with inter-quartile ranges. Ventilator free days are counted for the first 28 days of 
hospitalization. Patients who expired received 0 ventilator free days.
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TABLE 3

Demographics/Outcomes of patients with low clot strength, stratified by low/high FLEV

Low FLEV (N=24) High FLEV (N=24) p-value

Age (years) 35.0 +/− 20.2 35.4 +/− 16.0 0.800

Male 91.7% 83.3% 0.666

BMI (kg/m2) 25.1 +/− 3.3 26.4 +/− 5.8 0.651

Blunt mechanism 58.3% 33.3% 0.147

Injury severity score 17.0 +/− 21.1 6.7 +/− 8.0 0.108

Admit GCS 10 (7–26) 15 (14–15) 0.008

Pre-hospital crystalloid volume (mL) 100 (0–250) 50 (0–250) 0.746

Admit temperature (°) 36.1 +/− 0.84 36.6 +/− 0.4 0.083

Admit pH 7.21 +/− 0.13 7.33 +/− 0.11 0.010

Admit base deficit −5.30 +/− 7.41 −3.04 +/− 5.70 0.765

Admit INR >=1.3 34.8% 10.0% 0.076

Admit platelets <=200×109/L 17.4% 25.0% 0.405

Admit fibrinogen (mg/dL) 151.5 (119.5–177) 211 (152–300) 0.056

Admit FLEV (mg/dL) 262.8 (196.15–287.4) 328.5 (319.3–350.4) <0.001

Admit CK MA (mm) 57.1 +/− 4.5 58.3 +/− 2.6 0.571

Fibrinogen percent contribution to clot at 0h 24.1 (18.5–26.6) 31.4 (29.7–34.0) <0.001

Platelet percent contribution to clot at 0h 75.9 (73.4–81.5) 68.6 (66.0–70.0) <0.001

Transfused in 24 hours (RBC/FFP) 40.9% 4.8% 0.009

Transfused platelets in 24 hours 18.1% 4.8% 0.345

Total hospital days 3 (1–7) 2 (1–4) 0.572

Total ICU days (to 28 days) 1 (0–3) 0 (0–0) 0.009

Ventilator free days (to 28 days) 27 (0–28) 28 (28–28) 0.017

Acute lung injury 22.2% 0.0% 0.156

Thromboembolic complication 4.3% 0.0% 0.523

Multi-organ failure 8.3% 0.0% 0.489

Mortality at discharge 26.1% 4.8% 0.097

*
Patient demographics for the 48 patients with low clot strength and admission FLEV (functional fibrinogen level) data. Data are mean +/− SD, 

median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile ranges. Ventilator free days 
are counted for the first 28 days of hospitalization. Patients who expired received 0 ventilator free days.
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TABLE 4

Mean percent contribution of fibrinogen to clot strength by outcomes

Percent contribution of fibrinogen p-value

Alive at 24 hours 30.6 +/− 5.5
0.010

Dead at 24 hours 16.8 +/− 10.3

Tranfused pRBC in 24 hours 29.3 +/− 7.9
0.519

Not transfused pRBC in 24 hours 30.4 +/− 5.3

Tranfused FFP in 24 hours 26.6 +/− 8.1
0.030

Not transfused FFP in 24 hours 30.6 +/− 5.5

Transfused platelets in 24 hours 27.4 +/− 8.6
0.259

Not transfused platelets in 24 hours 30.5 +/− 5.6

Plts<=200×109/L 27.7 +/− 6.4
0.069

Plts>200×109/L 30.7 +/− 6.0

INR<1.3 31.2 +/− 5.04
0.009

INR>=1.3 24.7 +/− 9.4

*
Mean percent contribution of fibrinogen to clot strength at admission for the 197 patients with admission functional fibrinogen testing. Data are 

mean +/− SD.
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