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Abstract

Background—Trauma induced coagulopathy (TIC) is associated with a four-fold increased risk 

of mortality. Hyperfibrinolysis is a component of TIC, but its mechanism is poorly understood. 

PAI-1 degradation by activated protein C has been proposed as mechanism for deregulation of the 

plasmin system in hemorrhagic shock, but in other settings of ischemia, tPA has been shown to be 

elevated. We hypothesized that the hyperfibrinolysis in TIC is not the result of PAI-1 degradation, 

but is driven by an increase in tPA, with resultant loss of PAI-1 activity through complexation 

with tPA.

Methods—86 consecutive trauma activation patients had blood collected at the earliest time after 

injury, and were screened for hyperfibrinolysis using thrombelastography (TEG). Twenty-five 

hyperfibrinolytic patients were compared to 14 healthy controls using ELISAs for active tPA, 

active PAI-1 and PAI-1/tPA complex. Blood was also subjected to TEG with exogenous tPA-

challenge as a functional assay for PAI-1 reserve.
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Results—Total levels of PAI-1 (the sum of the active PAI-1 species and its covalent complex 

with tPA) are not significantly different between hyperfibrinolytic trauma patients and healthy 

controls: median 104 pM (IQR 48—201 pM) versus 115 pM (IQR 54—202 pM). The ratio of 

active to complexed PAI-1, however, was two orders of magnitude lower in hyperfibrinolysis than 

controls. Conversely, total tPA levels (active plus complex) were significantly higher in 

hyperfibrinolysis than controls: 139 pM (IQR 68—237 pM) versus 32 pM (IQR 16—37 pM). 

Hyperfibrinolytic trauma patients displayed increased sensitivity to exogenous challenge with 

tPA: median LY30 of 66.8% compared to 9.6% for controls.

Conclusions—Depletion of PAI-1 in TIC is driven by an increase in tPA, not PAI-1 

degradation. The tPA-challenged TEG, based on this principle, is a functional test for PAI-1 

reserves. Exploration of the mechanism of upregulation of tPA is critical to an understanding of 

hyperfibrinolysis in trauma.
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Background

Trauma induced coagulopathy (TIC) is present in roughly one-third of severely injured 

trauma patients at the time of admission and is associated with a four-fold risk of mortality.

(1-6) Systemic hyperfibrinolysis is a particularly lethal component of TIC, associated with a 

greater than 60% mortality rate.(7-9) An understanding of the role of the plasminogen-

plasmin system in trauma is in its infancy, but while non-canonical mediators of clot lysis 

may play a role in the hyperfibrinolysis of TIC, elevated levels of tPA have been observed in 

coagulopathic trauma patients. (10) Additionally, the reversibility of this pathology with the 

lysine analog tranexamic acid TXA points to upregulation of the tPA/plasminogen-plasmin 

system as being chiefly responsible for this phenomenon.(11-19).

Brohi and Cohen et al. proposed a unifying theory of TIC, implicating activated protein C 

(aPC) in the pathogenesis of both soluble phase coagulopathy and hyperfibrinolysis. In their 

model, both the degradation of the soluble factors V and VIII as well the indirect 

upregulation of fibrinolysis due to consumption of plasminogen activation inhibitor (PAI-1) 

are driven the proteolytic action of aPC. (2, 13, 20-23)

This is plausible, as PAI-1 is the cognate inhibitor of tissue plasminogen activator (tPA), the 

two enzymes forming a mutually inhibitory covalent complex of 1:1 stoichiometry.(24, 25) 

Indeed, decreased levels of PAI-1 activity have been demonstrated in trauma patients with 

hyperfibrinolysis and PAI-1 is known to be inactivated by interaction with a number of 

proteolytic enzymes including aPC and neutrophil elastase, which may themselves be 

upregulated in conditions of injury, inflammation and shock. (26-29) It has therefore 

become widely accepted that degradation of PAI-1 by aPC with resulting unchecked tPA is 

chiefly responsible for the pathologically high level of plasmin-mediated fibrinolysis in 

trauma.(21, 22, 30, 31) However, the explicit the molecular mechanisms underlying 

hyperfibrinolysis have yet to be proven. (21, 22, 30, 32-34) Recent principal component 

analyses from both our group and Kutcher et al. demonstrate that the upregulation of the 
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plasmin system and depletion of soluble factors are, in fact, independent components of TIC 

and therefore cannot share a single causal mechanism.(35, 36) Therefore, while aPC 

upregulation likely plays a key role in soluble factor depletion in TIC, its simultaneous role 

in hyperfibrinolysis is called into question.

Moreover, in other conditions of chronic and acute ischemia such as coronary artery disease, 

it is known that the total PAI-1 levels (largely in the form of its covalent complex with tPA) 

are, in fact, elevated.(37, 38) Moreover, it is known that the microvascular endothelium is 

capable of releasing tPA in response to ischemic stress as well as to signaling by vasopressin 

and catecholamines, whose levels are both elevated in hemorrhagic shock.(29, 39-43) 

Recent work from the Houston and London groups adds to the evidence suggesting that total 

PAI-1 concentration does not change significantly in hyperfibrinolytic TIC, while its activity 

decreases. (44, 45) If PAI-1 activity decreases to near zero, while total PAI-1 only decreases 

modestly, then the remaining PAI-1 must not by destroyed by proteolysis, but must simply 

be rendered inactive; most likely by its cognate inhibitor, tPA. Therefore, we hypothesized 

that the chief mechanism of decrease in PAI-1 activity in hyperfibrinolytic trauma patients is 

not enzymatic degradation by aPC, but is the result of complexation with tPA, driven by a 

massive increase in circulating tPA levels in response to shock.

Methods

Patients and Sample Collection

Consecutive trauma patients (n=86) meeting criteria for the highest level of activation at 

Denver Health Medical Center had blood collected at the earliest possible time point after 

injury, either in the field or immediately upon emergency department arrival. The criteria are 

traumatic injury with any of the following: (a) Blunt trauma with systolic blood pressure 

SBP <90 mmHg (b) Mechanically unstable pelvic injury (open or obvious by physical 

exam) (c) Penetrating neck/torso injuries with (SBP) < 90 mmHg (d) gunshot wounds to the 

neck/torso or stab wounds to the neck/torso that require endotracheal intubation.

Patients were excluded if less than 18 years old, pregnant, prisoners, the initial blood sample 

was unable to be collected within one hour of injury, infusion of blood products occurs prior 

to blood sampling. Patients transferred from external hospitals, or those subsequently found 

to have documented liver disease or inherited defects of coagulation were also excluded. 

Patients were also excluded ex post facto if they failed to require at least one of the 

following: operative intervention, blood transfusion, death from injury or at least one day of 

ICU stay during their hospital course, yielding an n=72 for analysis. Figure 1 illustrates 

schematically the inclusion and exclusion process at each phase of analysis.

Healthy volunteers (n=14) were used as controls. These subjects 50% male and between the 

ages of 19 and 50. They were required to be in general good health and not pregnant, with 

no chronic medical conditions, no illnesses or injuries within the past 6 weeks and no taking 

medications.
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Sample Collection

Citrated blood samples from both trauma patients and healthy controls were subjected to a 

battery of viscoelastic hemostatic assays (VHAs) as well as conventional coagulation tests. 

Platelet free plasma for ELISAs was prepared, within 30 minutes of collection, from citrated 

samples by a two-step centrifugation process using unopened vacuum containers. Samples 

were spun at 1000× g, at 4 degrees centigrade for 15 minutes, the supernatant decanted and 

respun at 12,600× g for 6 minutes, at which point the supernatant plasma was immediately 

flash frozen in liquid nitrogen and then stored at −80° centigrade.

Screening for Hyperfibrinolysis

Blood from the 72 patients underwent a variety of VHAs including citrated Rapid 

Thrombelastography (TEG). The lysis at 30 minutes after maximum amplitude (LY30) is 

the basic parameter for defining hyperfibrinolysis. We have previously defined a threshold 

value of LY30 of 3% for clinically relevant hyperfibrinolysis in citrated kaolin-activated 

(CK) TEG. In Rapid TEG, the threshold is similar, but this modality is subject to both 

underreporting of LY30 when the maximum amplitude (MA) is low and to false positives 

for hyperfibrinolysis due to vigorous platelet retraction.(46, 47) Therefore, we confirmed all 

findings of hyperfibrinolysis on Rapid TEG by demonstrating ex vivo reversibility of 

fibrinolysis with 250 μg of tranexamic acid added to a 500 μL citrated blood sample run in 

parallel. Patients with fully tranexamic acid (TXA) reversible clot lysis on TEG were 

segregated into the hyperfibrinolytic cohort.

PAI-1 and tPA Level Determination

PAI-1 and tPA both exist in a number of isoforms and cleavage products. In their active 

forms they are mutually inhibitory and form a covalent complex of 1:1 stoichiometry that 

sequesters both of their active sites. This complex is rapidly cleared and the complexation 

reaction goes essentially to completion; therefore, capturing the instantaneous relative ratios 

of active tPA, active PAI-1 and their inactive complex requires rapid chilling, separation and 

freezing of plasma samples, as described above. ELISAs for active tPA, active PAI-1 and 

the inactive PAI-1/tPA complex (Molecular Innovations, Novi, MI, USA) were run on 

duplicate plasma samples for hyperfibrinolytic trauma patients and quadruplicate samples 

for healthy controls to allow normalization to identical controls across multiple 96-well 

reaction plates. Active tPA was determined by immobilization on a PAI-1 functionalized 

surface and probing with a sandwich antibody. Active PAI-1 was similarly determined on a 

urokinase functionalized surface. The PAI-1/tPA complex was immobilized with an anti-

tPA antibody and detected with an anti-PAI-1 sandwich antibody. Concentrations are 

reported as molarities, with total tPA reported as the sum of the concentrations of active tPA 

plus the one-to-one complex and total PAI-1 as the sum of active PAI-1 plus complex, 

respectively.

tPA-Challenged TEG

The triple ELISA (active tPA, active PAI-1 and their inactive complex) reflects the balance 

between the chief activator of the plasminogen-plasmin system (tPA) and its cognate 

inhibitor, PAI-1, which exists in stoichiometric balance with tPA. This methodology is too 
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time consuming and expensive for routine use as a clinical assay; therefore, we sought to 

develop a functionally equivalent assay. Native TEG, challenged with a low dose of 

exogenous tPA (75 ng/mL of human single-chain tPA in whole blood, Molecular 

Innovations, Novi, MI, USA), was used as a functional readout of PAI-1 reserve. The 

principle of this assay is that as PAI-1 levels drop, the TEG LY30 in response to the low 

dose tPA challenge increases.

Statistical Analysis

Statistical calculations and tests were performed using the Prism statistical software package 

(version 6.0d for Mac OS X, GraphPad Inc.). Comparisons of groups were by the non-

parametric two-tailed Mann-Whitney U test, unless otherwise noted. The receiver operating 

characteristic was also plotted for the novel tPA-challenged TEG.

Results

Hyperfibrinolysis in Trauma Patients

25 of 72 trauma patients with injuries severe enough to be included in our analysis had 

hyperfibrinolysis on citrated Rapid TEG, confirmed by ex vivo TXA reversibility (figure 1). 

The median degree of fibrinolysis in the hyperfibrinolytic trauma patients by TEG LY30 

was 8.7% (IQR 3.7—66.0%) versus 1.8% (IQR 1.3—3.9%) for healthy controls (p=0.0009, 

two-tailed Mann-Whitney U test); see figure 2. These 25 hyperfibrinolytic (HF) patients 

were generally of much higher injury acuity than their non-fibrinolytic (NF) counterparts: 

Mortality in the HF group was 52% compared to 6% for NF patients. 11 HF patients 

required resuscitative thoracotomy, of which 4 survived, compared to zero thoracotomies in 

the NF group. Median (IQR) ISS, SBP and base excess were all worse in the HF group, 33 

(22—41), 60 (0—86) mmHg and −9 (−7 – −17) mEq/L , respectively; compared to the NF 

group: 17 (9—32), 84 (66—118) mmHg, and −7 (−5.5 – −8.5) mEq/L.

PAI-1 in Trauma and Controls

The total levels of PAI-1, the sum of the active PAI-1 species and its covalent complex with 

tPA, are not significantly different between hyperfibrinolytic trauma patients and healthy 

controls (figure 3A). Median total PAI-1 in hyperfibrinolytic trauma patients was 104 pM 

(IQR 48—201 pM) versus 115 pM (54—202 pM) for healthy controls (p=0.65, Mann-

Whitney U test). However, the ratio of active to inactive (complexed) PAI-1 shifted 

downward two orders of magnitude from roughly 5:1 in healthy controls (median plasma 

PAI-1 activity 78 pM, IQR 42—176 pM) to 0.015:1 in hyperfibrinolytic trauma patients 

(median plasma PAI-1 activity 1.1 pM, IQR 0.0—3.8), p <0.0001, figure 4A.

tPA in Trauma and Controls

Conversely, total tPA levels (active plus complex) were significantly higher in 

hyperfibrinolytic trauma patients than controls 139 pM (IQR 68—237 pM) versus 32 pM 

(IQR 16—37 pM), p< 0,0001, Mann-Whitney U test (figure 3B). For the active tPA species, 

the ratio to inactive complex shifted upward in the hyperfibrinolytic trauma group (the 

opposite direction of PAI-1) from 0.09:1 to 0.22:1. While the shift in active:inactive ratio 

was a modest at slightly more than two-fold, as the total tPA level was increased by nearly 
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five-fold in hyperfibrinolytic trauma over healthy controls, the net effect on active tPA 

levels was a nearly 20-fold increase in hyperfibrinolysis compared to controls at 36 pM 

(IQR 18–49 pM) versus 1.9 pM (IQR 0.9—3.1 pM), p<0.0001, see figure 4B.

PAI-1/tPA Covalent Complex in Trauma and Controls

The level of PAI-1/tPA complex was increased more than three-fold in hyperfibrinolytic 

trauma patients (104 pM, IQR 48—98 pM) compared to controls (27 pM, IQR 14—37 pM), 

p<0.0001. The relative levels of active tPA, active PAI-1 and the covalent complex in 

hyperfibrinolytic patients and healthy controls are shown in figure 5. The shift in PAI-1from 

its free, active form to the inactive complex is seen to parallel a massive upregulation in total 

tPA levels in hyperfibrinolytic traumas compared to controls.

tPA-Challenged TEG

Hyperfibrinolytic trauma patients displayed increased whole blood fibrinolysis on TEG in 

response to an exogenous challenge with 75 ng/mL of tPA. Median LY30 with tPA 

challenge in hyperfibrinolytic trauma blood was 66.8% (IQR 31.0—87.3%) compared to 

9.6% (IQR 8.3—10.2%) for non-fibrinolytic patients and 8.2% (IQR 4.8-14.8) for healthy 

volunteers. LY30 data from tPA-challenged TEGs was taken from a nested subset of proven 

(by TEG with TXA-reversibility) hyperfibrinolytic trauma patients (n=14) and non-

fibrinolytic patients (n=38) for which sufficient blood was available for the additional TEG 

assay. The relative ratio of disease positives to controls was not qualitatively different from 

the overall population in this convenience sample, therefore selection biasing was deemed 

minimal (see figure 1). A receiver operating characteristic (ROC) curve for prediction of 

hyperfibrinolysis by tPA-challenged TEG was constructed (figure 6). The area under the 

ROC curve was 0.94, with sensitivity and specificity optimized at 92.9% and 94.7% 

respectively with a threshold value of LY30 >20.8%.

Discussion

Massive tPA Release Overwhelms Free PAI-1 in TIC with Hyperfibrinolysis

A decrease in PAI-1 activity to nearly undetectable levels in TIC with overt 

hyperfibrinolysis has not only been demonstrated by other authors, but is to be expected. As 

the cognate inhibitor of tPA, PAI-1 not only interacts with tPA with very high affinity, 

blocking both enzyme's active sites, but the two react completely, forming a covalent 

complex that is rapidly cleared. Thus, for any degree of tPA activity (and thus plasmin-

mediated fibrinolytic activity) to be detectable, tPA must exist in exces to PAI-1 and all 

available PAI-1 should be sequestered in the PAI-1/tPAcomplex. Conversely, the presence 

of any measurable level of excess active PAI-1 implies that virtually all available tPA is 

sequestered in this complex and fibrinolytic activity via the plasminogen-plasmin system 

should be minimal.

What has been unclear until this point is whether the shift in the PAI-1/tPA balance was the 

result of depletion of PAI-1 by enzymatic degradation or another mechanism. While in vitro 

studies show that, for example, the serine protease aPC can efficiently inactivate PAI-1 by 

proteolysis (particularly in the presence of potentiating cofactors such as vitronectin) no 
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direct evidence exists for the neutralization of PAI-1 in TIC by this or any other enzyme in 

injured patients.

Our data demonstrate that, in fact, circulating plasma concentrations of total PAI-1 in TIC 

patients with hyperfibrinolysis remain near their baseline levels found in healthy controls. 

Active (free) PAI-1 indeed drops to nearly undetectable levels in these patients, but rather 

than undergoing degradation, PAI-1 is sequestered into an inactive complex with tPA. This 

shift in PAI-1 from the free to complexed form is near total (>300-fold) and is driven by 

mass action due to an overwhelming increase in the total amount of tPA. This excess of tPA, 

having bound all available PAI-1, effectively overflows this first, critical regulatory 

checkpoint of the plasminogen-plasmin system and active tPA becomes detectable in the 

plasma of these hyperfibrinolytic patients at levels exceeding 20 times normal.

Development of a Novel Functional Assay for tPA/PAI-1 Balance

This insight allows us to target our future investigations at the regulators of tPA release, 

rather than inhibitors of PAI-1. The response of the microvascular endothelium to ischemic 

stress may play an important role in the upregulation of circulating tPA.(48) It is likely that 

this response is chiefly in the form of release of preformed tPA, as we detect the 

upregulation of tPA consistently in hyperfibrinolytic trauma patients even in blood drawn at 

the scene of injury by the responding paramedics.

This very early shift in the tPA balance may have significant clinical consequences, not yet 

appreciated. We have observed several cases of trauma patients who initially present without 

evidence of hyperfibrinolysis suddenly decompensate and become profoundly coagulopathic 

due to hyperfibrinolysis. These patients can be difficult to manage and may bleed massively 

and unexpectedly. Having a means of detection of this latent hyperfibrinolysis would 

therefore be of great clinical utility as it could provide an indication for early, prophylactic 

therapy with antifibrinolytics such as TXA. Moreover, worsening PAI-1 sequestration and 

total tPA levels may be a biomarker for occult, compensated shock with concomitant tPA 

release from ischemic endothelium in vulnerable circulatory beds such as the gut, kidney 

and liver. Unfortunately, our “triple ELISA” methodology is not practical for use in the 

setting of trauma, as it takes several hours to run these assays. We therefore sought to follow 

up on our finding related to the tPA/PAI-1 balance by developing a rapid, inexpensive and 

convenient functional assay for the shifting of this balance toward the hyperfibrinolytic end 

of the spectrum.

We have demonstrated that the primary driver in depletion of the circulating PAI-1 reserve 

in TIC is an increase in tPA, we designed an assay based on this principle: the tPA-

challenged TEG. When a low dose (75 ng/mL) of recombinant single-chain tPA is added ex 

vivo to whole blood and a native TEG performed, only a very modest degree of fibrinolysis 

(by LY30) is observed in healthy controls. A spectrum of response is observed in trauma 

patients without overt fibrinolysis and marked increases (roughly 6-fold greater) LY30 are 

observed in cases of frank hyperfibrinolysis. This is an encouraging preliminary finding for 

the utility of this assay, but it remains to be determined if the tPA-challenged TEG has 

predictive value for delayed-onset or latent hyperfibrinolysis.
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Summary

Our study has clearly demonstrated that early elevation of tPA is necessary for the 

development of hyperfibrinolysis, and that enzymatic degradation of PAI-1 does not play a 

significant role in the pathogenesis of systemic hyperfibrinolysis in TIC. An important 

limitation in the scope of these findings, however, is the methodology of highly selective 

protein analysis. There are several known (and likely many unknown) regulators of plasmin-

mediated fibrinolysis. Further exploration of the mechanism of upregulation of tPA, and the 

downstream effector protein plasmin, is critical to developing an understanding of how 

fibrinolysis becomes uncontrolled in trauma.

Lastly, it is important to note that while this study indicates that aPC-mediated degradation 

of PAI-1 has little role to play in the direct induction of hyperfibrinolysis, aPC is likely a 

key player in other aspects of TIC.(40, 49, 50) Several publications have shown distinct 

phenotypes among patients with coagulation abnormalities after trauma, suggesting that 

fibrinolysis abnormalities are a distinct form of dysfunction from other components of TIC, 

an observation with important implications for treatment. (9, 32, 51-54) Our novel tPA-

challenged TEG assay, though not currently approved for clinical use, may be of utility in 

trauma and other acute settings for revealing systemic hyperfibrinolysis in its earliest (latent) 

stage, when the balance of endogenous circulating tPA and PAI-1 is beginning to shift, but 

active tPA does not yet exist in excess in the systemic circulation and overt fibrinolysis is 

not yet detectable by conventional assays.
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Figure 1. Flow chart of exclusion and inclusion at sequential steps in the analysis
86 patients met initial enrolment criteria (highest level trauma activation) and had blood 

collected at the time of their initial vascular access, usually in the field. Patients under 18, 

known pregnancies and transfers were excluded as well as patients with documented 

coagulopathy or hepatic disease. As the determination of trauma activation by the 

paramedics in the field occasionally enrolls patients who are not in fact traumatically injured 

(e.g. medical illness only or severe substance intoxication), patients who did not actually 

have a traumatic injury of significant severity were excluded ex post facto. Criteria for 

severity were defined as injury requiring any operative intervention (including resuscitative 

thoracotomy), any blood product transfusion, injuries necessitating an ICU stay of any 

length or death from injuries (N=72). Hyperfibrinolytic patients (N=25) were discriminated 

from non-hyperfibrinolytic patients (N=47) by TXA-reversibility of apparent clot lysis. The 

conventional definition of hyperfibrinolysis in trauma of a TEG LY30 ≥ 3% was used, with 

the additional criteria that the observed lysis must be TXA-reversible, to eliminate false 

positives from platelet retraction (N=9). Initial blood sample volumes were not always 

sufficient to run the extended TEG battery that includes the tPA-challenged TEG assay; 

therefore, only a nested subset of the patients included in the basic TEG and ELISA data 

analysis have the additional data from the tPA-challenged TEG (N=52).
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Figure 2. Characteristics of hyperfibrinolytic HF trauma patients
Patients with HF (demonstrated by tranexamic-reversible clot strength decay on their 

thrombelastogram (TEG)) have a median degree of clot lysis by Rapid TEG LY30 of 8.7% 

(IQR 3.7—66.0%) versus 1.8% (IQR 1.3—3.9%) for healthy controls (p=0.0009, two-tailed 

Mann-Whitney U test) as shown in this box-and-whisker plot. Note that none of the healthy 

controls had any degree of TXA-reversibility of their LY30. 25 of 72 trauma patients with 

injuries severe enough to be included in this analysis had HF. These 25 hyperfibrinolytic 

(HF) patients were generally of much higher acuity than their non-fibrinolytic (NF) 

counterparts: Mortality in the HF group was 52% compared to 6% for NF patients. 11 HF 

patients required resuscitative thoracotomy, of which 4 survived, compared to zero 

thoracotomies in the NF group. Median (IQR) ISS, SBP and base excess were all worse in 

the HF group, 33 (22—41), 60 (0—86) mmHg and −9 (−7 – −17) mEq/L , respectively; 

compared to the NF group: 17 (9—32), 84 (66—118) mmHg, and −7 (−5.5 – −8.5) mEq/L.
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Figure 3. Total circulating levels of PAI-1 is unchanged and tPA is elevated in hyperfibrinolytic 
(HF) trauma patients compared to healthy volunteer controls
(A) Total plasma PAI-1 (the sum of the free and tPA-complexed species) is unchanged in 

HF compared to healthy controls, indicating that enzymatic degradation of PAI-1 is not a 

prominent feature HF. (B) Conversely, total tPA (the sum of the free and PAI-1-complexed 

species) was elevated more than four-fold in HF compared to healthy controls, indicating 

that tPA upregulation is an early and necessary step in the evolution of HF in TIC.
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Figure 4. Circulating levels of active PAI-1 are suppressed and active tPA levels elevated in 
hyperfibrinolytic (HF) trauma patients compared to healthy volunteer controls
(A) Active (i.e. unbound to tPA) PAI-1 is suppressed to near zero in HF compared to 

healthy controls. (B) Conversely, active tPA (i.e. unbound to PAI-1) levels rise nearly 20-

fold in HF compared to healthy volunteers. Taken together these findings demonstrate a 

sharp enzymatic switching behavior between the hyperfibrinolytic and the baseline 

physiologic state, which hinges on the relative abundance of the active forms of the mutually 

inhibitor species tPA and PAI-1.
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Figure 5. Relative levels of active tPA, active PAI-1 and the covalent complex of these two 
enzymes in hyperfibrinolytic (HF) patients and healthy controls illustrates the shifting balance of 
active versus complexed PAI-1, without change in its total concentration
In HF (compared to healthy controls), the balance of PAI-1 shifts from its free, active form 

(light gray portion of each bar) predominating, to the inactive complex (dark gray portion of 

each bar). This shift parallels a massive upregulation in total tPA levels (dark gray plus 

black portions of each bar) with a resultant overflow of active tPA (black portion of each 

bar) as PAI-1 reserves are saturated and overwhelmed.
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Figure 6. Receiver operating characteristic (ROC) curve for tPA-challenged thrombelastography 
(TEG) prediction of TXA-reversible hyperfibrinolysis
Clot lysis in response to exogenous tPA added to the blood sample acts as a functional 

measure of PAI-1 reserves. The lower the levels of free PAI-1, the more exogenous tPA is 

left uncomplexed to cause measurable fibrinolysis, after ex vivo addition to whole blood. 

The area under the ROC curve was 0.94 (p <0.0005), with sensitivity and specificity 

optimized at 92.9% and 94.7% respectively with a threshold value of LY30 >20.8%.
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