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Objectives

❖Basics of fibrinolysis and inhibition by tranexamic acid (TXA)

❖Fibrinolytic activation in major bleeding

❖TXA clinical trials; focus on trauma and post partum hemorrhage

❖Controversy regarding the use of TXA in trauma

❖Can the efficacy of TXA clarify the contribution of fibrinolysis in bleeding 
disorders?



What is a ‘Universal Hemostatic Agent’?
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Abstract

Initiation of haemostasis involves the formation of a complex between tissue factor (TF) and

activated factor VII (FVIIa) following injury. TF is found in the deeper layers of the vessel wall, in

atherosclerotic plaques and in some types of tumour cell and is only exposed to circulating blood

after tissue damage. Likewise, FVII is only enzymatically active when complexed with TF (TF/FVIIa).

It has recently been shown that the administration of recombinant activated FVII (rFVIIa) in high

doses (approximately 100 microg/kg) can induce haemostasis in the absence of FVIII and FIX. In

addition, from in-vitro studies it appears that rFVIIa can bind with low affinity to the activated

platelet surface and, independently of TF, induce the thrombin burst needed for haemostasis. The

ability of rFVIIa to compensate for FVIII/FIX deficiency has been proven clinically in haemophilia

patients with life-  and limb- threatening bleeds. In addition, patients with congenital FVII deficiency

have been successfully treated for bleeds with rFVIIa. Recombinant FVIIa has been used in patients

with platelet disorders; five patients with Glanzmann's thrombasthenia and one with Bernard-

Soulier's thrombasthenia have had bleeding episodes managed effectively. Recombinant FVIIa has

also been shown to normalize prothrombin time in patients with liver disease and in warfarin-

treated individuals.
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Double Blind Placebo-Controlled ’Off Label’ Trials of rFVIIa (1998-2006):
❖ Trauma
❖ Intracranial hemorrhage
❖ Bleeding in stem cell transplant
❖ Percutaneous liver biopsy
❖ Partial hepatectomy

Open Label Placebo-Controlled ’Off Label’ Trial of rFVIIa (2015):
❖ Post Partum Hemorrhage
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Development of Tranexamic Acid (TXA)

Utako Okamoto MD 1918-2016
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TXA ‘Hits’ in PubMed: January 2000-September 2024 

❖Tranexamic acid (TXA):  6,960

❖TXA + Randomized Clinical Trial: 2,097

❖TXA + Cochrane Review: 459

❖TXA + Meta-analysis: 679
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TXA for Prevention and Treatment of Bleeding

Ockerman A. Thromb. J. 2021:19;54 



POISE-3 Trial: TXA in Non-Cardiac Surgery

Devereaux PJ. New Engl J Med 2022:386;1986

n = 4757

n = 4778





US FDA-Approved Indications for TXA

❖ Prevention of bleeding in hemophilia following dental surgery (1986)

❖ Management of abnormal uterine bleeding (2012)

* ‘Black box warning’ about potential thrombotic risk



Trauma: Causes of Death by Day Since Injury

Roberts I. Critical Care 2014



The CRASH-2 Trial:
Clinical Randomization of an Anti-Fibrinolytic in Significant Hemorrhage

❖ Pragmatic 20,211 subject RCT comparing TXA to placebo in trauma patients

❖ Conducted in 40 (including many low resource) countries

❖ Dosing occurred within 8 hours of injury

❖ Treatment within 3 hours significantly reduced deaths from bleeding and

all-cause mortality

❖ Later administration was ineffective with more deaths from bleeding, 

although no increase in all-cause mortality

Roberts I. Lancet 2011:101;1101.e1-2



All-Cause Mortality in the CRASH-2 Trial

Roberts I. Lancet 
2011:101;1101.e1-2



Described Inhibitory Effects of TXA on 
Non-Hemostatic Properties of Plasmin

Lam T. Thromb. J. 2023:21;94 



Mechanisms of Systemic Fibrinolytic Activation 

❖ During severe hypoperfusion, tPA is released from the endothelium, probably as an evolutionary 
response to maintain blood fluidity and perfusion of critical organs. 

❖ tPA release may be further exacerbated by thrombin, vasopressin and adrenaline 

❖ tPA release is also a manifestation of the ‘endotheliopathy of trauma’ (endothelial activation and 
shedding of the glycocalyx)

❖ Massive tPA release overwhelms free PAI-1 → free circulating tPA →plasmin generation (‘systemic 
fibrinolytic activation/hyperfibrinolysis’)

1Chapman MC. J Trauma Acute Care Surg 2016;80(1);60 



Proposed Fibrinolytic Phenotypes in 
Trauma With Time-Dependent Changes

Moore HB & Moore EE. 
Semin Thromb Hemost
2020:46;189



Moore EE. Nat Rev Dis Prim 2021

Viscoelastic Hemostatic Assays (ROTEM and TEG)

What Clotting Processes
Can VHAs Address?

1. Prolongation of Clot Formation

2. Reduction in Clot Strength

3. Increase in Fibrinolysis



Baseline TEG-Defined Fibrinolytic 
Phenotypes in Trauma

Moore EE. Transfusion 2016:56 (Suppl 2);S110



Two Schools of Thought Emerged….

Created with ai– DALL-E/Adobe PS



POINT: Viscoelastic Hemostatic Assays Should be
Be Used to Guide TXA Dosing in Trauma

“It is important to confirm the diagnosis of systemic hyperfibrinolysis before subjecting 
a patient to a potentially thrombogenic agent”

Ramos CR JTH 2013:11(7);1435

>3% lysis at 30 minutes by TEG (Ly30*) -- a threshold that was defined by a dramatic increase in 
mortality -- is the “critical value for initiation of anti-fibrinolytic therapy”

Chapman MC J Trauma 2013

*Equivalent to Maximum Lysis (ML) >15% by ROTEM



‘Translational Research’ is Bi-Directional….

Bench-to-bedside

Bedside-to-bench
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Thromboelastometry (TEM) Underestimates the Incidence 

and Severity of Fibrinolytic Activation in Trauma

Raza I. JTH 2013:11;307

‘Hyperfibrinolysis’ incidence 
by TEM (ML >15%) 

Moderate Fibrinolytic Activation = 
ML <15% with PAP >1500 µg/L 

Plasmin-antiplasmin complexes 
may be markedly elevated with 
no ‘Hyperfibrinolysis’ by TEM



Mortality is Related to Degree of PAP Complex-Defined
Fibrinolytic Activation in Trauma

Raza I. JTH
2013:11;307



COUNTERPOINT: Viscoelastic Hemostatic Assays
Should Not be Used to Guide TXA Dosing in Trauma

Gall LS and Davenport RA. Curr Opin Anaesthesiol 2018:31;227 



Most PPH is Not Primarily Due to Coagulopathy



Post-Partum Hemorrhage (PPH)

❖PPH defined as estimated blood loss > 1000 mL during Cesarean section, 
or > 500 mL after vaginal delivery. Severe PPH generally defined as EBL > 
1500 mL

❖Coagulopathy occurs in only a minority of women with PPH, but it is 
difficult to predict, and requires urgent intervention once identified

❖ No data exist to suggest that VHAs should be used to decide on TXA 
administration

Henriquez DD. JTH 2018:16;1523



Progessive Coagulopathy in PPH

*De Lloyd L. JTH 2023:21;862

PPH (>1000 mL blood loss) identified in 518/11,279 (4.6%)* of 
pregnancies. Changes in PT, aPTT, platelet count were minimal 
during PPH (*even up to 3000 mL blood loss)

However, a drop in fibrinogen to <2 g/dL may be associated 
with progression to a larger bleed. 

Rarely, ‘Acute Obstetric Coagulopathy’ characterized by 
massive fibrinolytic activation with PAP complexes > 40,000 
ng/mL) and hypodysfibrinogenemia follows. 50% fetal 
demise. Incidence = 12/518 (2.3%)* of PPH patients*De Lloyd L. 

JTH 2023:21;862



Plasmin-Antiplasmin (PAP) Complexes in PPH:
Acute Obstetric Coagulopathy (AOC) is Associated with Massive Fibrinolytic Activation

De Lloyd L. 
JTH 2023:21;862



Evolution of PPH to Acute Obstetric Coagulopathy:
Walking on the Precipice……

Created with ai– DALL-E/Adobe PS



The World Maternal Antifibrinolytic (WOMAN) Trial

❖Pragmatic worldwide RCT (TXA vs. placebo) involving 20,600 
women presenting with clinical evidence of PPH

❖PPH defined as 500 or 1000 mL blood loss (depending on mode of 
delivery) or hemodynamic instability

❖All cause mortality did not differ in the study arms
❖However, there was a significant reduction in death from bleeding 

in the TXA arm (RR 0.81 [0.65-1.00]) and particularly when 
administered within 3 hours following birth (RR 0.69 [0.52-0.91]) 

❖No increased risk of VTE

WOMAN Trial Collaborators. Lancet 2017:389;2105



Effect of Timing of TXA Administration on Bleeding-Related
Mortality in the WOMAN Trial



Odds Ratio for not dying of bleeding with TXA vs. placebo (40,138 CRASH-2 + WOMAN trial participants)

Effect of Treatment Delay on Efficacy and Safety of
TXA in Acute Severe Hemorrhage



Why is it so Difficult to Measure Fibrinolysis?

❖Methods used to assess fibrinolysis have lagged behind methods 
used to assess coagulation. 

❖Normally in blood, (endogenous) fibrinolysis takes hours or days 
to develop, in large part due to the large molar excess of 
inhibitors (PAI-1, a2-anti-plasmin) over plasminogen activators 
and plasmin itself. 

❖Fibrinolysis assays are often technically difficult and not easily 
automated.

Longstaff C. JTH 2016



Why is it so Difficult to Measure Fibrinolysis?

PAI-1

sct-PA

Fibrin+plasminogen



PAI-1

dct-PA

Fibrin+plasminogen
Why is it so Difficult to Measure Fibrinolysis?



Implication of Large Molar Excess of Inhibitors

❖Spontaneous clot lysis is not observed within a reasonable time window

therefore…..

❖ In order to evaluate fibrinolysis ex vivo, it is necessary to ‘re-balance’ the 
fibrinolytic pathway; this can be achieved by…..

A] reducing or inactivating endogenous inhibitors of fibrinolysis
(e.g. euglobulin clot lysis assay)

or….

B] adding exogenous tPA to clotted whole blood or plasma



dct-PA

Euglobulin Fractionation of Plasma

PAI-1

Fibrin+plasminogen
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PAI-1

Fibrin+plasminogenEuglobulin Fractionation of Plasma



PAI-1

Fibrin+plasminogenEuglobulin Fractionation of Plasma



(Modified) Euglobulin Clot Lysis Assay

Ilich A. RPTH 2020

n Plasma 
concentration

EuFr
concentration

Reduction in 
EuFr (%)

(mean±SD) (mean±SD) (mean±SEM)

aPAI-1 31 214.4±381.4 nM 7.7±16.4 nM 96.9±1.3

tPA 36 4.1±5.2 pM 1.1±1.7 pM 52.4±9.3

α2AP 16 0.7±1.4 µM 0.02±0.005 µM 95.4±0.8

α2MG 36 2.2±1.7 µM 0.007±0.008 µM 99.1±0.5

Plasminogen 35 1.7±0.5 µM 1.5±0.6 µM 20.4±2.9



ECLT

Variables <4.6 hours (N=83) ≥4.6 hours (N=88) p value
Sex Male 0.39
(n, %) 64 (77%) 61 (70%)

ISS 0.38

Median (IQR) 14.0 (9.0-22.0) 14 (6-22)

Age (years) 0.31

Median (IQR) 53 (30-63) 50 (28-62)

SBP (mmHg) 0.91

Mean±SD 117.6±29.27 118.1±23.18

DBP (mmHg) 0.87

Mean±SD 70.1±16.6 70.0±16.20

Heart rate (bpm) 0.07

Mean±SD 93.2±23.1 98.6±21.6

PAP (µg/ml) <0.01

Median (IQR) 5.6 (2.6-10.3) 3.7 (2.2-5.4)

D-Dimer (µg/ml) 0.046

Median (IQR) 10.0 (2.4-20.5) 4.3 (1.1-13.2)

S100A10 (ng/ml) 0.59

Median (IQR) 1.9 (0.5-4.4) 1.6 (0.3-4.5)

free tPA (IU/ml) 0.01

Median (IQR) 0.36 (0.25-0.72) 0.31 (0.24-0.41)

tPA res (hours) <0.01

Median (IQR) 1.6 (1.3-1.9) 2.5 (1.6-4.2)

TEG LY30 (%) 0.155

Median (IQR) 1.3 (0.2-5.4) 0.9 (0.0-3.4)
CAT
n (%) 13 (15.7%) 3 (3.4%) 0.01



Hemasphere 2021:5(8);e625
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Randomized double blind 

placebo-controlled clinical trial

Hypothesis

3120

Assessed for eligibility

356

Enrolled

337

Randomized

– 2764

165

Placebo
165

TXA

Primary outcome
WHO grade 2+ bleeding

Results

No effect of TXA on WHO Grade 2+ 

bleeding in study population
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Days from activation

Bleeding in thrombocytopenic patients is common despite platelet transfusion. Platelets
are a rich source of PAI-1 – a major fibrinolysis inhibitor. The A-TREAT study tested
whether TXA reduces bleeding in thrombocytopenic patients by inhibiting fibrinolysis. TXA
did not significantly reduce WHO grade 2+ bleeding in this study.

fibrin

fibrin

– 3– 4

Population
Patients with hematologic malignancy

Gernsheimer TB. Blood 2022 



Absence of Hyperfibrinolysis in A-TREAT Cohort

Ilich A.  Blood Advances 2023:7(6);900 



Less Grade 3+ Infection
In A-TREAT Patients on TXA

Poston JN. RPTH. 2024:8;e102358 
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Wu X. Am J Physiol
2016:310;R323

may reflect a decrease in the capacity to generate aPC, as well
as a decrease in the capacity to activate TAFI. Indeed, we did
not detect significant changes in plasma TAFI and aPC over
time.

It has been shown that depletion of PC in patients with
severe sepsis is caused by a combination of degradation of PC
by neutrophil elastase (14) and an inadequate biosynthesis of
PC in the liver (12). In this study, Protein C significantly rose
immediately after trauma and hemorrhage, suggesting that
trauma and hemorrhage lead to release of protein C into the
circulation, although the source of the PC remains unclear.

Polytrauma and hemorrhage led to a rise in the circulating
levels of plasminogen, plasmin activity, and D-dimer concen-

tration. The early rise in tPA may be the main driver for the
elevated plasmin activity. The late rise in PAI-1 is most likely
responsible for the inhibition of tPA at 2–4 h. The fact that
TAFI was not elevated suggests that TAFI does not signifi-
cantly affect the elevation in plasmin activity. The early rise in
plasminogen, like the rise in PC, suggests a release from a
reservoir into the circulation.

The rise in plasmin activity and D-dimers suggests that a
fibrinolytic coagulopathy develops over time in this model and
mirrors the developing elevation in PT and aPTT that we have
previously reported (9). Plasmin not only enzymatically breaks
down clots, but also inhibits procoagulant acitivity by proteol-
ysis of several coagulation proteins, including factor Va (20,

Fig. 6. Clotting pathways studied in this manuscript. At the top, is a graphic depiction of polytrauma and hemorrhage in our rat model. In the center is the clotting
cascade. Fibrin (clot) is created from the conversion of fibrinogen by thrombin, and broken down by plasmin into D-dimers and other breakdown products.
Prothrombin and plasminogen are the inactive precursors to thrombin and plasmin, respectively. Prothrombin is converted by prothrombin complex (FVIIa/tissue
factor and FXa/FVa). Plasminogen is converted by tPA. All inhibitors of this process are represented in gray. Along the outside are the changes that occur in
these factors over 4 h after polytrauma and hemorrhage.

R327CHANGES IN HEMOSTASIS AFTER TRAUMA AND HEMORRHAGE

AJP-Regul Integr Comp Physiol • doi:10.1152/ajpregu.00401.2015 • www.ajpregu.org
Downloaded from journals.physiology.org/journal/ajpregu (2600:1700:0F90:F8A8:312F:230E:9191:C11A) on September 10, 2024.

Coagulation Changes 
Over 4 Hours in a Rat 
Model of Polytrauma 
and Hemorrhage



TXA Reduces Fibrinolytic Activity in Menstrual Fluid
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Obstet Gynecol
Scand 1994:73;274
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