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Abstract

BACKGROUND: Elevated D-dimers in injured patients with paradoxically low fibrinolysis
activity measured by viscoelastic assays have been speculated to be “occult” fibrinolysis.
However, an alternative explanation is that these patients have previously activated their
fibrinolytic system and have shut it down by the time of blood draw, and would gain no benefit in
clot strength with tranexamic acid (TXA). We hypothesize that TXA will not increase clot strength
in injured patients with low fibrinolytic activity measured by thrombelastography (TEG), despite
biomarkers of fibrinolysis activation.

STUDY DESIGN: Three TEG assays (rapid, tissue plasminogen activator, and functional
fibrinogen) were run on trauma patients. The tissue plasminogen activator TEG served as a
functional assay to quantify depletion of fibrinolysis inhibitors (DFI). Patients were stratified by
DFI vs non-DFI and then by rapid TEG lysis at 30 minutes phenotype cutoffs. Response to TXA
was evaluated with functional fibrinogen TEG by calculating percent change in clot strength with
the addition of exogenous TXA in the TEG cup.
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RESULTS: Six hundred and thirty patients with a median new injury severity score of 20 were
analyzed. Depletion of fibrinolysis inhibitors was present in 116 (18%). The DFI patients had
significantly increased D-dimer (p < 0.001) and lower fibrinogen (p < 0.001). The DFI patients
had increased rates of massive transfusion (33% vs 3.3%; p < 0.001) and mortality (40% vs 6.2%);
p < 0.001). Among DFI patients, TXA significantly improved fibrin clot strength with
hyperfibrinolysis (+19% clot strength; p < 0.001) but not with shutdown (+1.2%) or physiologic

(-2.5%).

CONCLUSIONS: Patients with DFI have multiple abnormalities of their coagulation system, but
only DFI patients with hyperfibrinolysis have improved fibrin clot strength with TXA. (J Am Coll
Surg 2019;229: 92-101.

Early activation of the fibrinolytic system with subsequent inhibition of fibrinolysis after
injury was first described by Innes and Sevitt in 1964.1 This phenomenon was subsequently
defined as fibrinolysis shutdown, which was also observed in multiple clinical settings in
which patients experienced an acute physiologically stress.? Although animal work has
demonstrated the adverse effects of fibrinolysis shutdown driving organ failure and
irreversible shock,® poor outcomes with low fibrinolytic activity after injury were not
recognized until 50 years later.# Viscoelastic assessment of blood demonstrating low
fibrinolytic activity has documented increased mortality in adults>—8 and children® after
injury and in the ICU.8

Recently, a sub-phenotype of trauma patients with low fibrinolysis activity measure by
thrombelastography (TEG) with a paradoxical sensitivity to tissue plasminogen activator (t-
PA) was identified.10 Several additional studies have also described patients with low
fibrinolytic activity measured by viscoelastic hemostatic assays (VHA), but elevated levels
of D-dimer levels and plasmin antiplasmin levels,5-8 indicating these patients had activated
their fibrinolytic system. Some authors have interpreted these findings to suggest VHAS are
insensitive to measuring fibrinolysis in trauma patients,® and specifically these patients
harbor an “occult” hyperfibrinolysis.8

However, an alternative explanation for these findings is that patients have previously
activated their fibrinolytic system and have shut it down by the time of blood draw, similarly
to what was described decades earlier.! Unlike t-PA and plasmin, which have circulating
half-lives of minutes,11:12 D-dimer and plasmin antiplasmin levels remain in the circulation
for 12 to 16 hours.13 Therefore, if the classic description of fibrinolysis shutdown is
accurate, patients with low fibrinolysis measured by VHA and elevated D-dimer levels
would not obtain a hemostatic benefit with TXA. We hypothesize that TXA will not increase
fibrin clot strength in injured patients with low fibrinolytic activity measured by TEG,
despite biomarkers of fibrinolysis activation.

METHODS

Patients characteristics and outcomes

Adult trauma patients meeting criteria for the highest level of activation at our Level 1
trauma center (Ernest E Moore Shock and Trauma Center at Denver Health) from 2014 to
2018 were included in this analysis. Patients had samples collected under protocols approved
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by the Colorado Multiple IRB for prospective evaluation of coagulation status in response to
trauma. Patient demographics, injury mechanism, laboratory results, and transfusion
requirements were recorded by professional research assistants who provide on-site,
continuous coverage of the emergency department. Injury severity was calculated by
Abbreviated Injury Scale scores for the head/neck, chest, abdomen, and extremities, which
was summated as the top 3 scores, irrespective of location, to calculate the New Injury
Severity Score (NISS). The patient’s coagulation score was calculated at the time of
emergency department admission by the surgical attending using previously published
grading scores.1* Massive transfusion was defined as >10 units of RBC within the first 6
hours post injury. Cause of death was adjudicated by the senior investigator (EEM) at the
weekly laboratory meetings. The research team was blinded to the patient’s coagulation
status when discussing mortality outcomes. Attributable causes of death included lack of
mechanical surgical control (exsanguination from inability to achieve surgical bleeding
controlled), coagulopathy (ongoing bleeding, despite surgical control), physiologic collapse
(continued metabolic failure despite mechanical control of bleeding), traumatic brain injury,
and multiple organ failure.

Blood collection

Blood was collected in 3.5-mL tubes containing 3.2% citrate in the prehospital ambulance or
on arrival to the emergency department. Professional research assistants performed
coagulation assays within 2 hours of blood draw. Additional assays were ordered at the
discretion of the treating surgeon and performed by the hospital laboratory.

Viscoelastic assays

All viscoelastic assays were conducted by a team of trained professional research assistants
with extensive experience performing TEG assays. Citrated blood samples were analyzed
using the TEG 5000 Thrombelastography Hemostasis Analyzer (Haemonetics, Niles, IL).
The following indices were obtained from the tracings of the TEG: activated clotting time
(minutes), angle (degrees), maximum amplitude (mm), and lysis 30 minutes after MA
(LY30, %).

Rapid TEG (kaolin and tissue factor-activated TEG) was conducted according to
manufactured recommendations. An additional modified assay to quantify sensitivity to
fibrinolysis was done in parallel, termed #-PA challenged TEG. In brief, 500 pL of whole
blood was pipetted into a customized vial containing lyophilized t-PA (Thrombo
Therapeutics, Inc) to a final concentration of 75 ng/mL, and mixed by gentle inversion. A
340-pL aliquot of this mixture was then transferred to a 37°C TEG cup, preloaded with 20
uL of 0.2 mol/L of CaCl, without tissue factor or kaolin activator. The differential functional
fibrinogen TEG (DIFF-TEG; Thrombo Therapeutics, Inc) assay was also performed to
measure the degree of TXA-reversible fibrinolysis in the patient’s blood sample. The DIFF-
TEG assay consists of the comparison of 2 channels of Functional Fibrinogen assay
(Haemonetics), both of which are run on platelet-inhibited samples containing abciximab,
and one channel additionally containing a maximal inhibitor concentration of TXA
lyophilized in the TEG cup (180 ug per cup).
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Statistical analysis

SPSS, version 23 (IBM) was used for statistical analyses. Clinical and TEG measurements
are presented as median and interquartile range (IQR, 25! to 75! percentile). Using receiver
operating characteristic curves, the inflection point for massive transfusion with the t-PA
TEG LY30 was used to re-identify a cut point for patients who had an increased risk of
bleeding, using the Youden index. We used this cut point as an indication of pathologic
depletion of fibrinolytic inhibitors, and used the proteomics of 108 patients from an earlier
study20 to confirm depletion of fibrinolytic regulators. The methods for quantifying proteins
levels have been described previously.1® Fibrin clot strength in res ponse to TXA was
assessed based on the percent change of clot strength between the patient’s ex vivo
functional fibrinogen with TXA to strength without. The TEG indices and clot strength in
response to TXA were contrasted between cohorts using a Mann-Whitney U test (for 2
comparisons) or Kruskal-Wallis test (for 3 or more comparisons). Categorical variables were
contrasted by chi-square analysis.

RESULTS

Study population

There were 630 patients included in this study, 46 patients in the prospective database were
excluded for not having rapid TEG or t-PA TEG. Median age of the study population was 34
years (IQR 27 to 48 years) and subjects were predominantly male (80%). The majority were
severely injured (median NISS 20; IQR 9 to 34) with 55% of patients sustaining blunt
trauma. Massive transfusion occurred in 8.7% of patients and the overall mortality was 12%.

Depletion of fibrinolytic inhibitors

Receiver operating characteristic identified a t-PA TEG LY 30 >42% as an inflection point
for massive transfusion using the Youden index. In the nested cohort of patients with earlier
proteomic analysis, patients with a t-PA TEG LY 30 higher than this threshold had a
reduction in the majority of proteases known to inhibit fibrinolysis (a2 antiplasmin,
thrombin activatable fibrinolysis inhibitor, coagulation factor XIII, vitronectin; all, p <
0.001) and depletion of plasminogen (p < 0.001) (Table 1). The DFI patients had
significantly elevated D-dimers (14.9; IQR 3.51t0 20.0 vs 1.8; IQR 0.4 to 6.6; p < 0.001) and
decreased fibrinogen levels (163; IQR 124 to 2,250 vs 230; IQR 118 to 292; p < 0.001)
compared with non-DFI patients in the overall study population indicating that the
fibrinolytic system had been activated.

Clinical characteristics of depletion of fibrinolysis inhibitors patients

The t-PA TEG stratified 18% of patients as having DFI. Clinical characteristics of DFI vs
non-DFI are listed in Table 2 with no major differences between age and injury mechanism,
but patients with DFI were more severely injured, with higher degrees of shock, and all
coagulation measurements were more hypocoagulable.
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Sub-phenotypes of fibrinolysis coagulation and blood product requirements

The distribution of fibrinolysis phenotypes differed between DFI and non-DFI patients (p <
0.001). In the DFI cohort, the distributions were 21% shutdown, 41% physiologic, and 37%
hyperfibrinolysis. In the non-DFI group, physiologic was the most common (71%), followed
by shutdown (23%), and hyperfibrinolysis was present in <5%. Within the DFI phenotype,
hyperfibrinolysis patients had lower fibrinogen levels, lower platelet counts, higher
international normalized ratio (INR) of prothrombin time, higher partial thromboplastin
time, and all TEG indices were more hypocoagulable that other DFI phenotypes (Table 3).
In the DFI cohort, only patients with hyperfibrinolysis had an increase in fibrin clot strength
with TXA when assessed ex vivo (hyper: 19; IQR 4 to 60, shutdown: 1.2; IQR -11 to 9,
physiologic: -2.5; IQR -10 to 4; p < 0.001) (Fig. 1). Hyperfibrinolytic DFI patients had the
lowest median systolic blood pressure on arrival to the hospital (70 mmHg; IQR 0 to 114
mmHg) and the shutdown patients were predominantly normotensive (median systolic blood
pressure 114 mmHg; IQR 88 to 144 mmHg) (Table 3), with both cohorts being equally
severely injured with a median NISS of 43.

In the non-DFI cohort patients in shutdown had a higher NISS, lower fibrinogen level, lower
platelet counts, and lower TEG maximum amplitude compared with other phenotypes (Table
3). Transfusions were infrequent in the non-DFI cohort, but shutdown patients had higher
RBC count and plasma transfusions at 6 hours compared with other phenotypes (Table 3).
There was no significant increase in fibrin clot strength with TXA when assessed ex vivo in
the non-DFI cohort (hyper: —4%; IQR -8 to 3, shutdown: —2%; IQR -5 to 3; physiologic:
—-2%; IQR -5 to 4; p < 0.549) (Fig. 1).

Fibrinolysis sub-phenotype outcomes

In the DFI cohort, hyperfibrinolytic patients had fewer ICU and ventilator-free days when
compared with the other cohorts (Table 4). These patients received more units of RBCs and
plasma (Table 3). Although not significant, the hyperfibrinolytic DFI phenotype had almost
double the rate of massive transfusion (42% vs 27% shutdown and 28% physiologic; p=
0.287). The use of TXA was also more common, but not significant in the hyperfibrinolysis
(42%) and physiologic (42%) group compared with shutdown (15%; p 0.685). The
hyperfibrinolytic DFI cohort had a higher rate of deep vein thrombosis, and the shutdown
cohort had the highest rate of pulmonary embolism, but neither were statistically significant
(Table 4). The mortality showed a U-shaped distribution, with hyperfibrinolysis having a
51% mortality rate and shutdown elevated (36%) compared with physiologic (31%), but did
not reach significance (Table 4). There were no significant differences in causes of mortality
between the phenotypes, but nearly one- quarter of patients with hyperfibrinolysis died from
physiologic exhaustion, and only 8% per the other phenotype. Dying from coagulopathy
occurred in <10% of the total study population. In patients who did not receive TXA, the
survival time was significantly shorter in patients with hyperfibrinolysis compared with
other cohorts (p 0.007). In patients who received TXA, no survival time differences were
appreciated (Fig. 2). Within DFI phenotypes, there was a shorter survival time in patients
with physiologic fibrinolysis who received TXA (p = 0.043), which was not significant for
shutdown, but limited to only 2 patients who received TXA. The outcomes of survivors in
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the DFI cohort were different, with fewer than half of the shutdown and hyperfibrinolytic
patients returning home, and nearly 70% of physiologic survivors were discharged home.

In the non-DFI cohort, the shutdown phenotype had fewer ICU and ventilator-free days
compared with other phenotypes (Table 4). The rates of deep vein thrombosis and
pulmonary embolism were low in this overall cohort, with no differences between
phenotypes, although the hyperfibrinolysis phenotype had the highest rate of deep vein
thrombosis (4%). The mortality rate was the highest in the shutdown group compared with
other phenotypes (Table 4). Traumatic brain injury was the most common cause of death in
patients with shutdown, which was significantly higher than other phenotypes. Bleeding-
related mortality was low in this overall study population, with no differences between
phenotypes. Survivor dispositions were significantly different between groups with both
shutdown and hyperfibrinolysis having lower rates of patients returning home, compared
with physiologic, and higher rates of patients transferred to long-term care facilities.

DISCUSSION

In a cohort of trauma patients meeting the highest level of trauma activation at our Level |
trauma center, 18% of patients had an elevated LY 30 t-PA TEG, consistent with depletion of
fibrinolysis inhibitor deficiency. Depletion of fibrinolysis inhibitors was associated with
increased D-dimers, hypocoagulability, massive transfusion, and increased mortality.
However, within the DFI cohort, only trauma patients with an rapid TEG with an LY30 >3%
gained an increase in fibrin clot strength with TXA when tested ex vivo. Those patients with
lower LY 30s within the DFI cohort and without DFI demonstrated no increase in clot
strength with TXA. Patients with DFI and the lowest LY 30 consistent with fibrinolysis
shutdown, harbor additional coagulation abnormalities, including prolonged INR, decreased
platelets, and low fibrinogen, but do not have evidence of excessive fibrinolytic activity at
the time of their blood draw. Although this shutdown cohort had the lowest transfusion
requirements, the overall mortality was not lower than patients with physiologic fibrinolysis,
and the majority of these patients who survived their injury did not return home.

Our study’s description of trauma patients harboring low fibrinolytic activity measured by
viscoelastic assays and elevated D-dimer levels is consistent with what Innes and Sevitt!
described nearly half a century earlier using the euglobulin lysis test and D-dimer levels.
Although low fibrinolysis causing morbidity in animal shock models3-16 and human trauma
patients,7 fibrinolysis shutdown in trauma was not mentioned in an article until 1985,18 and
increased morbidity associated with shutdown was not published until 2014.# Contemporary
trauma literature has defined shutdown as a low TEG LY30% 7219 or low maximum lysis’:8
with the rotational thromboelastometry (ROTEM) device, but this does not account for
additional laboratory measurement confirming earlier activation of the fibrinolytic system.

Evidence that not all trauma patients with low TEG LY 30 had activated their fibrinolytic
system emerged when sub-phenotypes of “shutdown” were identified.10 This earlier study
used a cutoff of t-PA sensitivity to stratify patients based on healthy volunteer data, and not
based on a clinical end point, such as massive transfusion, which was used in this study.
Subsequently, 2 additional studies have indicated sub-phenotypes of fibrinolysis shutdown.
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6.8 The first study in the US? used D-dimer, plasmin antiplasmin levels, and TEG LY30 to
stratify patients into low, moderate, and high fibrinolysis levels in a cohort of trauma patients
who were receiving blood products from the PROPPR study.1® This study identified that
94% of the population with a shutdown level LY 30 had abnormally elevated D-dimer levels,
supporting that these patients were in fibrinolysis shutdown due to previous fibrinolysis
activation. This patient population also harbored an elevated INR, low platelet count, and
received a median of 9 U RBCs during resuscitation. However, there was significantly less
bleeding than hyperfibrinolytic trauma patients who received a median of 15 U of blood. In
this study, the shutdown cohort had a higher mortality rate than the physiologic fibrinolysis
cohort (17% vs 11%), which were both considerably lower than hyperfibrinolytic patients
(51%). These data indicate that the majority of trauma patients who are receiving blood
product resuscitation with low LY 30 have shut down their fibrinolytic system, but are still at
risk of bleeding from other coagulation abnormalities. These associations were also
appreciated in our study and in both studies from Canada’ and Europe.®

A European study speculated that low fibrinolysis measured by ROTEM and high D-dimer
levels are a sign of occult hyperfibrinolysis at the site of injury, rather than shutdown.® This
“occult fibrinolysis” cohort of patients had a prolonged INR, but a median of 0 RBC units
transfused, which was significantly lower than patient with hyperfibrinolysis and elevated D-
dimer levels (median 6 units). Both of these cohorts had elevated mortality compared with
patients with normal fibrinolytic activity (7% vs occult 30% and hyperfibrinolysis 59%).
The occult cohort also had a delayed mortality, with a median time of 2 days compared with
hyperfibrinolysis, who died within 24 hours of injury. It is difficult to reconcile that the
“occult” fibrinolysis cohort was bleeding to death from unmeasured fibrinolysis. The DFI
shutdown cohort described in our study has many similarities to the occult lysis phenotype
described in Europe, as these patients harbor additional coagulation abnormalities and have
an elevated mortality rate compared with patients with normal fibrinolysis. Our study also
indicates that these patients have a lack of excessive fibrinolytic activity, as their ex vivo
TEG with TXA failed to improve fibrin clot strength (Fig. 1). Collectively, there is no
evidence that TXA use in the shutdown cohort has a benefit in reducing blood transfusions
or mortality.

A recent study from Toronto has speculated that fibrinolysis shutdown is protective to
counter hypocoagulability.” Using a multivariate regression analysis, the unadjusted
mortality in patients with shutdown was not significant. However, a much larger study with
more than 2,500 trauma patients with blood samples obtained within an hour from injury
failed to identify a survival benefit in severely injury patients after controlling for
confounding variables.® It is known that even hyperfibrinolytic trauma patients will
transition to low fibrinolytic activity after resuscitation, and typically do this within 2 hours
of injury.20 An early surge in plasminogen activator inhibitor-1 (PAI-1) after injury was
described in 198518 and speculated to occur by investigators decades earlier.> Our data
support that hypotension drives pathologic fibrinolysis, as the median SBP of DFI
hyperfibrinolytic patients was 70 mmHg, which is consistent with animal models,?1:22 and
previous clinical observations.#® Conversely, those patients with normal blood pressure but
who were severely injured were more likely to be DFI with shutdown. This population was
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likely hyperfibrinolytic at one point, but with normalization of blood pressure had
endogenously suppressed fibrinolytic activity without TXA.

This transition to fibrinolysis resistance is likely a physiologic response to severe injury, as it
has been described that >80% of severely injured trauma patients have t-PA resistance within
the first 24 hours of injury,20 but adverse outcomes are not appreciated until patients retain
low fibrinolytic activity beyond 24 hours.23:24 This has clinical significance as blood draws
obtained more than 2 hours from injury do not necessarily reflect the trauma patient’s acute
fibrinolytic phenotype. Evidence for this is demonstrated in patient with blood samples
obtained up to 12 hours from injury, in which fibrinolysis shutdown is identified in >50% of
patients,*23 and for samples obtained within an hour, the prevalence rate is 20% to 40%.
59.10 consequently, combing patient samples to define a single phenotype from admission
beyond the first 2 hours poses the risk of misclassifying patients with a mixture of acute
fibrinolysis shutdown that appears to be pathologic, with a physiologic shutdown that occurs
after resuscitation and does not appear to be pathologic, unless it persists beyond 24 hours.
23.24 Arguable because most patients transition into fibrinolysis shutdown, empiric TXA
could be harmless. However, TXA has been associated with prolonged fibrinolysis
shutdown.29:25 Therefore, delivering TXA to trauma patients who do not gain clot strength
has an unclear benefit with a concern for causing harm. As suggested previously, the
potential vulnerable population is patients with physiologic levels of fibrinolysis,2® which
our study illustrated in the DFI physiologic cohort (Fig. 2). These findings add to the
growing literature on the selective use of TXA in trauma based on fibrinolytic status.2”-28 An
important consideration to take into account is that TXA does not replace fibrinolytic
inhibitors. Tranexamic acid binds to plasminogen, causing a confirmation change preventing
its binding to fibrin.2° In the absence of t-PA, the inhibitory effects of TXA to convert
plasminogen into plasmin are limited, and para- doxically can increase plasmin generation
when urokinase is present,3? which has been associated with increased intracranial bleeding
in experimental traumatic brain injury models.3!

Limitations of this study include ex vivo effects of TXA on fibrin clot strength. The in vivo
effects remain speculative, just as the hypothesis of occult fibrinolysis.® Local clot mediators
of fibrinolysis are nearly impossible to assess in human subjects, and there could be
upregulation of endothelial receptors, such as S100A10, which were found in higher
concentrations in circulation from the European study.8 However, this is also a systemic
measurement of a receptor that lines the endothelium and, when knocked out in a mouse,
causes microvascular thrombosis.32 Therefore, it remains unclear whether this SI00A10 is
pathologic or protective after trauma, and with its upregulation associated with minimal
blood loss, it is difficult to suggest it requires inhibition with a known protective role of the
microvasculature. Although in vitro studies have suggested TXA has a protective role of the
endothelium,33:34 additional in vitro data now demonstrate that TXA can be
proinflammatory and activate complement when there is a lack of a t-PA,3° so speculation
from in vitro data needs to be interpreted with caution. Another limitation of this study is
defining a cut point with the t-PA TEG to stratify patients for DFI and create sub-
phenotypes. We had previously used a t-PA TEG LY30 >95!" percentile of healthy controls
to define these sub-phenotypes of shutdown.10 However, the proteomic data from this study
did not define a clear pattern associated with a specific phenotype or cause of death. With

JAm Coll Surg. Author manuscript; available in PMC 2019 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al.

Page 9

our refined definition of sub-phenotypes of fibrinolysis, it appears that we have identified a
cohort of patients who have maximal benefit from TXA (DFI hyperfibrinolysis), and a
cohort of patients who might be harmed (DFI physiologic). This study supports the earlier
analysis that an LY30 of >3% is not adequate to determine who benefits from TXA, 36 as
only a portion of these patients are DFI and are at risk of massive bleeding.

Early TXA use in hypotensive patients (systolic blood pressure <75 mmHg) is the only
cohort of patients who had a survival advantage in the CRASH 11 trial.3” However, it has
been difficult to identify the correct patient population in prospective randomized controlled
trials in trauma who need blood product resuscitation. This was evident in CRASH 11, in
which fewer than half of patients received an RBC transfusion, which we also appreciated in
our recent prehospital plasma cohort, with enrollment criteria designed to capture patients
who would require blood product resuscitation.38 Ultimately, a multicenter clinical trial is
needed to determine whether goal-directed TXA used in a mature trauma system with VHA
capacity can improve outcomes. To date, a single- center randomized controlled trial using
VHA reduced mortality by nearly 50%,3° which is a larger reduction in mortality than
CRASH 1137 and retrospective analysis in both MATTERs (Military Application of
Tranexamic Acid in Trauma Emergency Resuscitation) studies.#0:41

CONCLUSIONS

Support:

Patients with DFI exhibited high rates of massive transfusion and mortality. Although these
patients have multiple abnormalities of their coagulation system, with evidence of earlier
activation of fibrinolysis, only DFI patients with hyperfibrinolysis have improved fibrin clot
strength with TXA treatment. These data indicate that DFI is a risk factor for coagulopathy,
but these patients might have adverse outcomes with routine antifibrinolytic therapy.

This study was supported in part by National Institute of General Medical Sciences (NIGMS) grant: T32-
GMO008315, and National Heart, Lung and Blood Institute (NHLBI) grant: 1TUM1HL120877. Dr Sauaia receives
grant money from the NIH and the Department of Defense and receives support for travel from the American
Association for the Surgical Trauma.

Disclosure Information: This study received research support from Haemonetics. Drs HB Moore, EE Moore, and
Chapman have shared intellectual property with Heamonetics through Thrombo Therapeutics, Inc. Drs Chapman,
HB Moore, and EE Moore hold provisional patents for viscoelastic assays of fibrinolysis.

Abbreviations and Acronyms

DFI depletion of fibrinolysis inhibitors

INR international normalized ratio

IQR interquartile range

LY30 lysis 30 minutes after maximum amplitude
NISS New Injury Severity Score

TEG thrombelastography
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t-PA tissue plasminogen activator
TXA tranexamic acid
VHA viscoelastic hemostatic assay
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Change in clot strength based on the differential functional fibrinogen thrombelastography.
DFI, depletion of fibrinolysis inhibitors
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Differences in survival times between patients with depletion of fibrinolysis inhibitors
stratified by fibrinolysis phenotype and whether they (A) did not receive tranexamic acid
(TXA) or (B) did receive TXA. Patients who did not receive TXA hyperfibrinolysis had the
highest mortality, and in the cohort of patients who received TXA mortality was higher in
the shutdown cohort. Contrasting phenotypes, only TXA (p = 0.043) was associated with

increased mortality in the physiologic cohort.
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