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The fibrinolytic system is a necessary component of our hemostatic mechanism which is required to maintain
vascular patency. Fibrinolysis remains in balance with coagulation to prevent excessive clot growth by breaking
down fibrin. This process first involves the activation of plasminogen (produced in the liver) to plasmin by tissue
plasminogen activator (released from injured tissues). Plasmin can then act directly on fibrin to break it down into
fibrin degradation products.' The balance between coagulation and fibrinolysis can shift towards excessive
fibrinolysis after certain situations such as trauma or surgery, resulting in excessive bleeding.

Fortunately, there are strategies to manage excessive fibrinolysis and the associated bleeding. Pharmacologic
agents can be given preemptively to prevent or decrease fibrinolysis. These include antifibrinolytic agents, which
happen to be the most extensively studied blood conservation agents. Their value in decreasing bleeding and
allogeneic transfusion requirements has been well demonstrated across a wide range of clinical settings."?
Aprotinin, a serine protease inhibitor, was once highly utilized for both its’ antifibrinolytic and anti-inflammatory
properties, but safety concerns including increased mortality led to aprotinin’s withdrawal from clinical use.?
Although limited re-introduction of aprotinin in Canada and Europe had taken place for select high-risk cases,
ongoing uncertainty about the value of aprotinin will limit the remainder of our discussion to the currently available
lysine analogue antifibrinolytic agents: epsilon-aminocaproic acid (EACA) and tranexamic acid (TXA) (Figure 1).#

0
Lysine H:N \/\/\HJ\OH

NH,

COOH

Aminocaproic acid (EACA) Tranexamic acid
0 (TXA)
H2N \/\/\)J\OH
NH,

Figure 1. Structural similarity of EACA and TXA to the amino acid lysine.
TXA: tranexamic acid; EACA: epsilon aminocaproic acid.

The role of lysine analogue agents in preventing fibrinolysis is based on their ability to competitively bind to lysine-
binding sites on plasminogen. When bound to either EACA or TXA, plasminogen is unable to bind to fibrin;
therefore, preventing its’ activation to plasmin (Figure 2)." While the mechanism of action for both EACA and TXA is
similar, the potency of TXA is often reported as being as high as 10 times greater based on molecular
concentration.® Despite the greater potency, direct comparisons of TXA and EACA, especially in cardiac surgery,
have not consistently demonstrated a clinically relevant difference as far as decreased bleeding or need for
transfusion.®>® However, TXA continues to be more extensively investigated when compared to EACA due to its
greater global availability, widespread access, and off-label uses." The positive impact of TXA on patient outcomes
has even landed it on the World Health Organization’s List of Essential Medicines.” As far as safety concerns, TXA
has been associated with a dose-dependent increase in the risk of seizures, while limited data has suggested an
increased incidence of postoperative renal failure with EACA.58°
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Figure 2. Fibrinolysis occurs when plasmin degrades the fibrin within a clot into FDPs. However, in the presence of
a lysine analogue antifibrinolytic, competitive binding at the lysine-binding site on plasminogen prevents
plasminogen’s activation to plasmin. (EACA would act at same site as TXA shown in figure.) FDP: fibrin
degradation product; tPA: tissue plasminogen activator; TXA: tranexamic acid; EACA: epsilon aminocaproic acid.
[Reprinted with permission from Reference #1].

Routine use of lysine analogues in cardiac surgery has become the standard of care with strong evidence
demonstrating reduced blood loss and a decreased need for allogeneic transfusion. Current blood conservation
guidelines give lysine analogue antifibrinolytics a Class 1 A recommendation for use in cardiac surgery.'® Along with
cases involving cardiopulmonary bypass, evidence also exists suggesting a benefit in off-pump coronary artery
bypass grafting (CABG) without an increase in the incidence of prothrombotic events."" The landmark ATACAS trial
demonstrated superiority of TXA over placebo in decreasing transfusion and re-exploration in CABG patients
without impacting graft patency.® Despite the abundance of well-established data, several concerns remain
regarding the use of antifibrinolytics in cardiac surgery. Optimal dosing continues to be investigated. Currently,
there is significant variability among institutions for loading doses and infusion rates for both EACA and TXA. While
obtaining a target plasma concentration can be achieved with various dosing strategies, recent investigations into
of pharmacokinetic models using glomerular filtration rate and plasma clearance may help guide dosing without
leading to excessive plasma concentrations.'? Determining optimal dosing may also lead to decreased adverse
events. As noted in a 2019 meta-analysis of over 10,000 cardiac surgery patients, high-dose TXA regimens (=50
mg/kg bolus only or >10 mg/kg bolus + infusion) resulted in a 4.83 times greater risk of seizures when compared to
a low-dose TXA regimen (<50 mg/kg bolus only or <10 mg/kg bolus + infusion). Both groups had similar efficacy in
terms of decreasing transfusion requirements.'® However, a more recent randomized trial of low-dose (10 mg/kg
bolus + 2 mg/kg/hr) and high-dose (30 mg/kg bolus + 16 mg/kg/hr) TXA strategies in cardiac surgery found
superiority with the high-dose regimen in decreasing allogeneic red blood cell transfusion, while also showing no
difference in a composite safety endpoint that included the incidence of seizures.' Given these conflicting findings,
further studies are still warranted despite the well-established benefits of antifibrinolytics in cardiac surgery.

Trauma-induced coagulopathy is the result of multiple causes including fibrinolysis. Therefore, antifibrinolytic
therapy remains a critical component in the treatment of trauma-induced coagulopathy.' Given TXA's faster onset of
action over EACA, the vast majority of evidence for antifibrinolytics in trauma comes from TXA. While there is
strong evidence for the use of TXA in select trauma patients, we are learning more about the dynamic nature of
fibrinolysis where changes after initial injury may result in hyperfibrinolysis or hypofibrinolysis." This is consistent
with the findings of the 2010 CRASH-2 study that demonstrated decreased all-cause mortality and decreased risk
of death due to bleeding in only those patients who received TXA within 3 hours of injury (greatest benefit when
within 1 hour of injury)."®'6 Retrospective military data used in the MATTERs trial also found a similar mortality
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benefit with TXA."” Given the benefits of early TXA administration, a meta-analysis of prehospital TXA use was
conducted and found that 24-hour mortality was significantly reduced with prehospital TXA compared to no TXA."®
The same analysis also found no differences in thrombotic events. However, more recently, the value of
prehospital TXA has come into question as 6-month survival with a favorable functional outcome has not differed
when compared to placebo.!® Further work on timing of administration may best be guided by laboratory markers of
fibrinolysis or viscoelastic testing.’

The utilization of antifibrinolytics in orthopedic surgery is much higher than other non-cardiac surgeries.?’ Given the
value in decreasing surgical blood loss and decreasing the need for allogeneic transfusion, it is not surprising to
see that clinical practice guidelines for total joint arthroplasty have endorsed routine antifibrinolytic use.?' TXA, in
particular, has demonstrated efficacy in topical, oral, and intravenous forms in reducing transfusion risk when
compared to placebo.?? While most studies again demonstrate the benefit of TXA, EACA has also been effective
without an increased risk of adverse events as shown by a meta-analysis of over 750 patients undergoing knee or
hip arthroplasty.?® Despite concerns for thromboembolic risk in the orthopedic population due to greater
comorbidities including coronary disease and hypercoagulable states, the current evidence would suggest no
difference in complication rates with antifibrinolytics. This was recently demonstrated in an analysis comparing joint
surgery patients with coronary disease (+/-stents) to those without coronary disease.?* All patients received TXA,
and no differences in venous thromboembolism were noted for the groups, again emphasizing that antifibrinolytics
are clot stabilizers; not clot producers.

In obstetrics, the primary use of antifibrinolytics is for the treatment of postpartum hemorrhage (PPH), which is a
leading cause of maternal death and morbidity." While uterotonic therapy is given as a first-line agent, addressing
uterine atony alone does not treat other potential causes of bleeding such as hyperfibrinolysis.?®> An increase in
tissue plasminogen activator after removal of the placenta contributes to a highly active fibrinolytic system. TXA has
been shown to decrease PPH bleeding, as evidenced by the landmark WOMAN trial.?® In this study, over 20,000
women with PPH from low- and middle-income countries were randomized to TXA or placebo. A significant
decrease in the risk of death related to bleeding was seen in the TXA group, specifically when given within 3 hours
of birth. Despite concerns that the study’s findings may not be generalizable to more developed countries with well-
resourced hospitals, the recommendation for TXA in treating PPH has been widely adopted. More recent
investigations into the prophylactic use of TXA for prevention of PPH after vaginal delivery have not resulted in a
difference when compared to placebo.?” In Cesarean delivery, similar analyses have only shown a small difference
in blood loss between TXA and placebo groups, with no difference in maternal death or transfusion.?®2° Therefore,
prophylactic use of TXA for PPH prevention is not typically recommended.

With the benefits of antifibrinolytics being well-established in managing fibrinolytic bleeding in several clinical
situations, expansion to even more surgical settings continues. Antifibrinolytics now have a role in neurosurgical,
spine, craniofacial, vascular, urologic, gynecologic, thoracic, and other surgeries."*® The POISE-3 trial investigated
the impact of antifibrinolytics, specifically TXA, in over 9000 patients undergoing a variety of non-cardiac surgery.*°
Patients were randomized to TXA 1g or placebo. Those receiving TXA experienced a lower composite bleeding
outcome at 30 days, but noninferiority in terms of a composite cardiovascular outcome was not demonstrated
despite a very small between-group difference. With this continued safety concern, the investigators suggest that
clinicians weigh the clear benefit of TXA in noncardiac surgery against the low likelihood of increased risk.*°
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