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A B S T R A C T

The use of strategies to reduce blood loss and transfusions is essential in the treatment of

surgical patients, including in complex cardiac surgeries and those that use cardiopulmo-

nary bypass. Antifibrinolytics, such as epsilon-aminocaproic acid (EACA) and tranexamic

acid (TXA), are widely used in these procedures, as well as in other types of surgeries. These

medicines are included in the World Health Organization (WHO) list of ‘essential medi-

cines’. Scientific evidence demonstrates the effectiveness of EACA in reducing bleeding

and the need for transfusions in heart surgery. EACA is highly recommended for use in

heart surgery by the American Society of Anesthesiology Task Force on Perioperative Blood

Management. Regarding the safety of EACA, there is no robust evidence of any significant

thrombotic potential. TXA has also been shown to be effective in reducing the use of blood
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transfusions in cardiac and non-cardiac surgeries and is considered safer than other antifi-

brinolytic agents. There is no evidence of any increased risk of thromboembolic events with

TXA, but doses greater than 2 g per day have been associated with an increased risk of seiz-

ures. It is also important to adjust the dose in patients with renal impairment. In conclusion,

antifibrinolytics, such as EACA and TXA, are effective in reducing blood loss and transfusion

use in cardiac and non-cardiac surgeries, without causing serious adverse effects.

� 2024 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Evidence-based medicine
Antifibrinolytics

The use of strategies to reduce blood loss as well as to lessen
the need for transfusions is crucial in the treatment of surgi-
cal patients. Antifibrinolytics are widely used in complex
heart surgeries and heart surgeries with cardiopulmonary
bypass (CPB), as recommended by the Clinical Practice Guide-
lines of the Society of Thoracic Surgeons (STS) and the Society
of Cardiovascular Anesthesiologists (SCA).1 Outside the con-
text of heart surgery, their perioperative use has been
expanded with the aim of reducing blood loss.2

Antifibrinolytics are included in the World Health Organiza-
tion (WHO) list of ‘essential medicines’;3 they are used in various
traumamanagement protocols, in the prevention and treatment
of postpartum hemorrhages and by several surgical specialties.
However, with the increased use of these agents, concerns have
arisen about their safe use. Antifibrinolytics include epsilon-ami-
nocaproic acid (EACA), tranexamic acid (TXA) and aprotinin.

Epsilon-aminocaproic acid

EACA is a highly water-soluble colorless crystal, a synthetic
analogue of lysine. It works by blocking the conversion of
plasminogen into plasmin thereby inhibiting fibrinolysis.
History

EACA was studied in the laboratory for the first time in 1914; its
research in human beings was expanded in the late 1950s.4 Jap-
anese researchers tested its use in the treatment of several dis-
eases, such as dysmenorrhea, emesis gravidarum and pregnancy
toxemia, and observed that EACA was effective with minimal
side effects. At the time, its fibrinolytic activity was not mea-
sured, but later studies showed that EACAwas a powerful inhib-
itor of plasminogen activation. Researchers quickly recognized
the potential of EACA to control hemorrhages in different clini-
cal settings, including surgery. In the 1960s, EACA was used for
the first time in a prostatectomy surgery, with significant results
in reducing blood loss.5 EACA was approved by the United
States Food and Drug Administration (FDA) in 1964.
Mechanism of action and pharmacokinetics

The proteolytic enzyme plasmin normally hydrolyzes poly-
merized fibrin resulting in fibrinolysis and dissolution of the
fibrin clot. EACA modulates the fibrinolytic pathway by irre-
versibly binding to the lysine-binding sites of plasminogen.
This action prevents the release of plasmin and inhibits fibri-
nolysis, increasing hemostasis.

Intravenous administration of EACA reaches maximum
serum concentrations in approximately 10 min. After pro-
longed administration, EACA distributes into intra- and extra-
vascular compartments, penetrating red blood cells and other
tissue cells. With an elimination half-life of two hours, EACA
is mainly excreted by the kidneys, with renal clearance simi-
lar to creatinine clearance.2
Administration

There is no standard guideline for EACA dosing and various
dosing regimens have been used in clinical trials. The EACA
dose can be administered at the time of induction or after
anticoagulation but before starting CPB. Table 1 presents
common dosing strategies in cardiac and non-cardiac
surgery.2
Scientific evidence of effectiveness

EACA has shown efficacy in reducing hemorrhage and trans-
fusion requirements in adult cardiac surgery with CPB. A 2007
meta-analysis compared the three antifibrinolytic agents and
demonstrated that EACA is effective in reducing blood loss
and need of transfusions in cardiac surgery, without increas-
ing adverse effects.6 The 2008 BART study, a blinded multi-
center randomized trial, compared aprotinin, TXA and EACA
in high-risk cardiac surgery, showing that the three agents
reduced postoperative hemorrhage, but aprotinin had a
higher mortality rate.7

A 2011 Cochrane systematic review showed that EACA
reduces blood transfusions in cardiac surgery by 30 % [rel-
ative risk (RR): 0.70; 95 % confidence interval (CI): 0.52
−0.93] and by 19 % for surgeries in overall [relative risk
(RR): 0.81; 95 % CI; 0.67−0.99]. Mortality appears not to
have been affected by treatment with any of the antifibri-
nolytic drugs and lysine analogues did not present serious
adverse effects.8 EACA was highly recommended for use in
cardiac surgery in the 2015 edition of the American Society
of Anesthesiology Task Force on Perioperative Blood
Management.9

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 – Dosing strategies of epsilon-aminocaproic acid (EACA) and tranexamic acid (TXA) for adults and children2.

EACA TXA

Heart surgery − adult 1) Butterworth et al. Initial dose protocol − at induction:

a) 80 mg/Kg during 20 min or

b) 60 mg/Kg during 20 min + 10 mg/Kg in ECC initial prime dose −
after administration of heparin 70 mg/Kg during 20 min Main-
tenance: 30 mg/Kg/h (x 4 h total)

2) GART study protocol − Initial dose at induction: 200 mg during
10 min test dose followed by 9800 mg. Maintenance: 2 g/h until
closure of the sternotomy

3) Greilich et al. protocol − Initial dose at induction: 100 mg/Kg + 5 g
at the start of ECC. Maintenance: 30 mg/Kg/h

Potential of high bleeding − “High dose regimen BART study protocol, Hodgon et al.;
Sharma et al.

Initial dose at induction: 5 mL test dose of a 30 mg/Kg total dose (mixed in 250 mL
of saline solution) during 10 min − followed by the balance of a total + 2 g/Kg in the
prime of ECC

Maintenance: 16 mg/Kg/h until closure of the sternotomy
Potential of low bleeding − “High dose regimen” Initial dose at induction: 10 mg/Kg
at start of ECC

Maintenance: 1 mg/Kg/h

Adjust of renal dose to reach plasmatic concentration of 100 mg/L

% TFG 100 75 50 25 10 5 1

Maintenance infusion rate (mg/Kg/h) 16 12 6 5 1.6 0.8 0.16

Pediatric patients
Initial dose: 75 mg/Kg during 10min repeated at the start of the ECC
Maintenance: 75 mg/Kg/h
Neonates2 Initial dose: 40 mg/Kg Maintenance: 30 mg/Kg/
h + concentration of 100 mg/L in the pump

Initial dose: 5−40 Kg: 6.4 mg/Kg
Maintenance: (mg/h)
5 Kg: 15.5
10 Kg: 26.8
15 Kg: 36.9
20 Kg: 46.3
25 Kg: 55.2
30 Kg: 63.9
35 Kg: 72.2
40 Kg: 80.4

Spine Surgery − Adult Bolus 100 mg/Kg during 15 min before incision
Maintenance: 10 mg/Kg/h during the surgery

Bolus 10−20 mg/Kg
Maintenance: 10−100 mg/h

Spine Surgery - pediatric <25 Kg: Initial dose: 100 mg/Kg maintenance: 40 mg/Kg/h
25−50 Kg: Initial dose: 100 mg/Kg maintenance: 35 mg/Kg/h
≥ 50 Kg: Initial dose: 100 mg/Kg maintenance: 30 mg/Kg/h

Total hip arthroplasty Bolus 10−20 mg/Kg (maximum 1 g) − pre-incision
Maintenance: 10−20 mg/Kg for 3−12 h

Total knee arthroplasty Dose 10 mg over 10 min at start of implant cementing Bolus 10−20 mg/Kg (maximum 1 g) − ideally administered 5 to 20 min before tourniquet
deflation

Maintenance: 10−20 mg/Kg for 3−12 h
Aneurysmatic subarachnoid
hemorrhage

Bolus 5−10 g at emergency or during transportation
Maintenance 2 g/h until endovascular procedure (during 72 hmaxi-
mum)

Orthotopic liver transplant
Trauma Bolus 1 g in 10 min

Maintenance: 1 g in 8 h
Post-partum hemorrhage 0.5−1 g 30 min pre-incision
Craniosynostosis Initial dose: 50 mg/Kg followed by infusion of 5 mg/Kg/h

EACA: epsilon-aminocaproic acid; TXA: tranexamic acid; ECC: extracorporeal circulation.
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Table 2 – Precautions/contraindications for the perioperative use of antifibrinolytics.

Clinical scenario/patient
condition

EACA TXA

Allergy of hypersensitivity - Possible anafilaxia
- Hypersensitivity to the active compound
- Hypersensitivity to benzilic acid (used in the intravenous
formulation)

- Hypersensitivity to paraben (used in the oral formulation)

- Possible anafilaxia

History of significant venous or arte-
rial thrombosis or thromboembolic
events

- Venous thrombosis
- Pulmonary embolism
- Coronary thrombosis (should consider coronary stents)
- Cerebral thrombosis
- Acute renal cortical necrosis
- Central retinal artery or vein obstruction

- Use similar precautions as for
EACA

Hereditary hypercoagulation states - Antithrombin deficiency
- Factor V Leidenmutation
- Prothrombin gene mutation
- Protein C or S deficiency
- Dysfibrinogenemia
- Factor XII deficiany2

- Use similar precautions as for
EACA

Acquired and non-primary hyper-
coagulation states (including risk
factors)

- Previous thrombosis/thromboembolism − especially
advanced disease malignancy

- Antiphospholipid syndrome − Recent significant surgical
procedure

- Prolonged immobilization − previous use of heparin (hepa-
rin-induced thrombocytopenia with thrombosis)

- Hormone replacement therapy/use of oral contraceptives
- Nephrotic syndrome
- Vera polycythemia
- HIV infection/HAART therapy
- Congestive heart failure
- Central venous catheter/ pregnancy tools
- Bevacizumab, tamoxifen or testosterone therapy

- Use similar precautions as for
EACA

Kidney failure/electrolyte disorders - Chiefly renal excretion and the potential of increased toxic-
ity with kidney failure

- Potential of increased toxicity with
kidney failure

Subarachnoid hemorrhage or con-
comitant traumatic brain lesion

- Traumatic brain lesion is independently associated to
hypercoagulation states. Only a short course (<72 h) is
recommended

- Use similar precautions as for
EACA

History of convulsion disorders or
uncontrolled convulsion disorders

Doses greater than 2 g daily were associated to a higher risk of
convulsions

Concurrent treatment with other
procoagulants

Increased risk of thrombosis with the use of Factor IX com-
plex and anti-inhibitor coagulant concentrates

- Use similar precautions as for
EACA

Disseminated intravascular
coagulation

Risk of thrombosis: May require the concomitant heparin use Use similar precautions as for EACA

Pregnancy Category C: Without animal studies, without controlled data
in human pregnancies

Category B agent, but there are no
well-controlled studies about the
use during pregnancy, its use in
pregnancy should be limited

Diverse Chromatopoeia and visual deficiency were reported on use in
hemophiliacs

hematol transfus cell ther. 2024;46(S1):S40−S47 S43
Safety
In general, EACA is well tolerated. Due to its action on the fibri-
nolytic pathway, there is the theoretical potential to generate a
pro-thrombotic state with consequent thromboembolic com-
plications. However, there are no robust scientific trials or stud-
ies that indicate that EACA has a significantly worrying
thrombotic potential. Reports of thrombosis are isolated and
studies have not found clear differences between treatment
and control groups.2

The relationship between EACA and kidney injury is con-
tradictory. A 2011 Cochrane review found no increases in
acute kidney injury associated with EACA when compared
with placebo.8 Rhabdomyolysis and myopathy are adverse
effects reported with chronic use of EACA. EACA has also
been associated with cases of cerebral thrombosis, making it
necessary to exercise caution in cases of head trauma and
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subarachnoid hemorrhage. It is contraindicated in cases of
disseminated intravascular coagulation.2

The preservative benzyl alcohol used in intravenous for-
mulations of EACA has been associated with a potentially
lethal syndrome in low birth weight infants and newborns
known as ‘gasping syndrome’. However, there are no data or
case reports specifically implicating EACA. There are some
relative contraindications, such as hypersensitivity to benzyl
alcohol, parabens, pregnancy and breastfeeding.2 Table 2 con-
tains a list of various clinical scenarios and precautions and
risks associated with the use of EACA.

Tranexamic acid

Similar to EACA, TXA is a synthetic derivative of lysine, which
competitively blocks the lysine binding site on plasminogen,
thereby inhibiting fibrinolysis. 10
History

TXA was discovered by Japanese researcher Utako Okamato
in the 1950s. Okamato and his group first published findings
about their new drug in the 1960s11 with the original applica-
tions of TXA being for the treatment of postpartum hemor-
rhage and hemophilia. It was only in the 1990s that the use of
TXA was applied in heart surgery.
Mechanism of action and pharmacokinetics

TXA reversibly blocks lysine binding sites on tissue plasmino-
gen activator (tPA) and plasminogen molecules, resulting in
inhibition of fibrinolysis. It acts mainly by blocking high affin-
ity sites.

The pharmacokinetic properties of TXA vary with the
route of administration and comorbidities, such as renal fail-
ure. TXA has low binding affinity for plasma proteins and is
minimally metabolized, being found in greater quantities in
the liver, kidneys and lungs. The intravenous administration
reaches maximum serum concentrations in about five
minutes. The plasma half-life is approximately two hours,
maintaining therapeutic levels for 6−8 h.

TXA crosses the placenta, but the concentration in breast
milk is very low, with no significant adverse effects on
breastfed babies. TXA elimination follows first-order kinetics
via glomerular filtration, therefore, dosage adjustments must
be made in patients with impaired renal function.2
Administration

TXA can be administered intravenously, intramuscularly,
topically, orally and even nebulized.12 Plasma levels of 10 mg/
L have been reported to inhibit only 80 % of tPA activity, while
a tenfold higher dose (100 mg/L) is required for 100 % inhibi-
tion.2 Table 1 presents common dosing strategies in cardiac
and non-cardiac surgeries.2
Scientific evidence of effectiveness

TXA has become an essential component of antifibrinolytic
therapy because it is considered safer than other agents as
demonstrated in the BART study.7 A 2011 systematic review
and meta-analysis involving eight studies and 544 patients
submitted to cardiac surgery found that TXA significantly
reduced the use of blood transfusions.13 These results were
corroborated by another systematic review andmeta-analysis
from 2012 that analyzed evidence from several decades and
specifically the amount of blood transfused in cardiac surgery.
14 In this analysis, which included 42 studies, it was found
that TXA is highly effective in reducing the risk of transfusion
(RR: 0.65; 95 % CI: 0.60−0.70; p-value <0.001).

CRASH-2, the largest prospective clinical study to date was
carried out in 2010 involving 20,211 adult trauma patients in
274 hospitals of 40 countries.15 The aim of the study was to
evaluate the effects of early TXA administration on mortality,
occlusive vascular disease and blood transfusions in trauma
victims. Comparing the group receiving TXA with the group
receiving a placebo, a significant reduction in total mortality
was observed, as well as in the risk of death from bleeding
(RR: 0.85; 95 % CI: 0.76−0.96; p-value = 0.0077). Importantly,
the benefits of TXA were only observed when administered
within three hours of patient presentation.

A systematic review with meta-analysis on patients
undergoing non-cardiac surgery included 69 randomized clin-
ical trials with 6157 patients.16 TXA reduced the proportion of
patients receiving blood transfusions (RR: 0.59; 95 % CI: 0.48
−0.72) and the volume of red blood cell units transfused
(Mean difference: �0.51; 95 % CI: �0.13 to �0.9) compared to
the placebo or usual care. TXA was not associated with differ-
ences in deep vein thrombosis, pulmonary embolism, all-
cause mortality, length of hospital stay, need for reoperation
due to hemorrhage, myocardial infarction, stroke or seizure.
Safety

TXA excretion depends on renal function; it reduces as
plasma creatinine levels increase. Therefore, caution must be
exercised when administering the medication to patients
with renal impairment by adjusting the dose as needed.

The use of TXA in non-cardiac surgeries has increased in
recent years, mainly due to the relative safety of the drug in
respect to thromboembolic events, as demonstrated in most
retrospective analyses. In 2016, the first study was published
that prospectively examined the thromboembolic risks of
TXA in 4662 patients submitted to myocardial revasculariza-
tion surgery with and without extracorporeal circulation.17 Of
the patients undergoing cardiac surgery, TXA was associated
with a lower risk of bleeding than placebo, with no greater
risk of death or thrombotic complications within 30 days after
surgery. In the CRASH-2 study, which analyzed the use of
TXA in trauma, no significant differences were observed in
thrombotic events between the groups. 15

A systematic review with meta-analysis of randomized
clinical trials was carried out to evaluate the safety of TXA in
patients with bleeding.18 A total of 234 studies with 102,681
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patients were included in the meta-analysis. In patients with
bleeding, there was no evidence that TXA increased the risk
of thrombotic events, venous thromboembolism, acute coro-
nary syndrome or stroke.

More recently, the Perioperative Ischemic Evaluation−3
(POISE-3) trial was published, which evaluated the efficacy
and safety of using TXA in patients undergoing non-cardiac
surgery.19 This double-blind placebo-controlled multicenter
randomized clinical trial included 9535 patients. The inci-
dence of bleeding was significantly lower with TXA than with
placebo. The composite safety outcomes of myocardial infarc-
tion, ischemia due to isolated elevation of troponin, nonhe-
morrhagic stroke, peripheral arterial thrombosis, and
symptomatic proximal venous thromboembolism at 30 days
was similar between the groups (14.2% vs. 13.9 %; hazard
ratio: 1.02; 95 % CI: 0.92−1.14], but the p-value for non-inferi-
ority was not reached (p-value = 0.04).

Although there is no evidence of an increased risk of
thromboembolic events in large studies, some authors recom-
mend caution when administering the drug to patients with a
history of thromboembolic events, hypercoagulable states or
use of other prothrombotic medications.2 In these cases, topi-
cal TXAmay be a better option in patients at increased throm-
botic risk. In a systematic review with meta-analysis of 71
studies (7539 patients), topical TXA reduced the incidence of
blood transfusion in adults undergoing surgery without any
notable associated adverse events.20

Although the systematic review withmeta-analysis of ran-
domized clinical trials carried out to evaluate the safety of
TXA in patients with bleeding did not find any increase in the
risk of thrombotic events,18 it identified a dose-dependent
increase in the risk of seizures, with doses higher than 2 g per
day being associated with a higher seizure risk. In the POISE-3
study, a TXA dose of 2 g per day was evaluated compared
with placebo, with seizures being similar and uncommon in
both groups.19 Table 2 lists precautions for the safe and effec-
tive administration of TXA.

Aprotinin

Aprotinin is a naturally occurring 58-amino acid single-chain
polypeptide originally extracted from bovine tissue and cur-
rently produced using recombinant technology.
History

Aprotinin, initially described in the 1930s, entered the clinical
scene in the 1950s to treat hyperfibrinolytic conditions such as
pancreatitis. In the early 1980s, Kirkland and colleagues made
an accidental discovery about the prohemostatic properties of
aprotinin during cardiopulmonary bypass (CPB) surgery when
they observed an "exceptionally dry cardiac surgical field" after
using aprotinin to attenuate the inflammatory response and
post-perfusion syndrome associated with CPB.2 Subsequent
studies focused on the effects of aprotinin on coagulation, with
one landmark article demonstrating its ability to significantly
reduce blood loss and the use of transfusion in cardiac sur-
gery.21 In 1993, aprotinin received FDA approval for routine use
in coronary artery bypass graft surgery.
A challenge for the use of aprotinin occurred with the publi-
cation of the study by Mangano et al. in 2006.22 The study of
4374 adult patients undergoing coronary surgery revealed that
the use of aprotinin was associated with a greater risk of com-
plications, such as kidney failure. A second study conducted in
the same year also reported an increase in renal dysfunction
with aprotinin.23 These findings led the FDA to add renal dys-
function to existing safety concerns about aprotinin.

However, the direct association between aprotinin and
perioperative renal dysfunction has been questioned due to
the relationship between transfusion and renal failure, which
has made it difficult to identify the role of aprotinin in the
development of this dysfunction. The situation, however,
worsened with the publication of the results of the BART trial
in 20087, which observed an increase in mortality among
patients treated with aprotinin compared to those treated
with TXA or EACA, although the difference was not statisti-
cally significant.

The results of these studies led to the withdrawal of apro-
tinin from the United States in late 2007, followed by regula-
tory agencies suspending the drug’s license in Canada and
Europe in 2008.2 Furthermore, a 2011 Cochrane review con-
cluded that although aprotinin may be more effective in
reducing blood loss and transfusion use compared with other
antifibrinolytic medications, it was associated with a higher
risk of death.8

However, the studies that support this evidence have been
contested, raising methodological questions.24 Concerns
about the BART study led Canada’s regulatory authority to
convene an advisory panel to examine these issues. The
panel identified serious methodological problems in the study
and concluded that the benefit of using aprotinin in non-com-
plex cardiac surgeries could outweigh the risk. As a result,
aprotinin was made available again in Canada.25

In 2012, the European Medicines Agency also recom-
mended lifting the suspension of aprotinin after reviewing
the risks and benefits of antifibrinolytic drugs. However, it is
important to mention that the authors of the BART study
refuted these conclusions.26 The Nordic� laboratory became a
distributor of aprotinin in place of Bayer� in 2012 and began
collecting data for safety assessment. This controversy sur-
rounding aprotinin generated confusion among doctors
regarding its role, especially after the release of the license by
the European Medicines Agency.25
Mechanism of action and pharmacokinetics

Aprotinin inhibits the action of several serine proteases (such
as trypsin, chymotrypsin, plasmin and tissue and plasma kal-
likreins) through the formation of reversible enzyme inhibitor
complexes. By inhibiting kallikrein, aprotinin indirectly inhib-
its the formation of activated factor XII, a biochemical reac-
tion normally amplified by kallikrein through a positive
feedback mechanism. Therefore, aprotinin inhibits the initia-
tion of coagulation and fibrinolysis induced by the contact of
blood with a foreign surface.27

Aprotinin is metabolized by lysosomal enzymes and
excreted renally with an elimination half-life of 5 to 10 h.
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Administration

Aprotinin is inactive when administered orally. It is adminis-
tered intravenously in an initial loading dose, followed by a
continuous infusion.27
Scientific evidence and safety

The only absolute contraindication for aprotinin is a positive
aprotinin-specific IgG antibody test prior to use. However,
there are no guidelines for applying this test.

There must be contingencies for anaphylaxis or anaphy-
lactoid reactions whenever the drug is used and special care
must be taken with patients who have received aprotinin in
the last 12 months. Aprotinin may also falsely elevate or pro-
long several in vitro coagulation indices, including partial
thromboplastin time and activated clotting time (ACT) meas-
urements. For this reason, it is recommended to monitor anti-
coagulation with specific tests (minimum celite ACT of 750 s
or kaolin ACT of 480 s).2

Aprotinin is a potent inhibitor of fibrinolysis and is effec-
tive in reducing transfusion in cardiac surgery. However, its
safety profile, discussed previously, continues to be a source
of controversy among experts around the world.2 A discus-
sion of these controversies goes beyond the scope of this
text.

Although not free from potential bias, data collected in the
Nordic� laboratory safety registry may help better evaluate
aprotinin safety controversies. Prospects for aprotinin may
include evaluating its efficacy and safety in complex and
higher-risk surgeries in robust randomized clinical trials. Sev-
eral studies suggest that in these more complex procedures,
aprotinin may have advantages over other available antifibri-
nolytic drugs.25 However, given the narrow indications and
controversy, it remains unclear whether doctors who have
become accustomed to performing surgeries without aproti-
nin will reinvest their trust in this drug.
Recommendations

� We recommend that a lysine analogue, such as tra-
nexamic acid or epsilon-aminocaproic acid, should
be considered in all adults undergoing surgery, espe-
cially in patients expected to experience moderate
blood loss (>500 mL), as long as they do not have
contraindications to its use.

� We recommend that preferentially tranexamic acid
is used as the lysine analogue compared to epsilon-
aminocaproic acid, due to the greater volume of lit-
erature proving its efficacy and safety in different
clinical scenarios.
Conclusion

In conclusion, antifibrinolytics, including epsilon-aminocap-
roic acid (EACA) and tranexamic acid (TXA), play a crucial role
in reducing blood loss and decreasing the need for transfusions
in both cardiac and non-cardiac surgical patients. Scientific evi-
dence demonstrates the effectiveness of these medicines, as
recommended by clinical guidelines and included on theWorld
Health Organization’s list of ‘essential medicines.’ Further-
more, they are considered safe with no evidence of an increase
in thromboembolic phenomena or other adverse events. These
findings reinforce the importance of appropriate use of antifi-
brinolytics to optimize clinical results and improve the safety
of patients undergoing surgical procedures. Future research
should continue to explore their therapeutic potential and
improve their use in the clinical practice.
Conflicts of interest

The author declares no conflicts of interest.
r e f e r enc e s
1. Ferraris VA, Brown JR, Despotis GJ, Hammon JW, Reece TB,
Saha SP, et al. 2011 update to the society of thoracic surgeons
and the society of cardiovascular anesthesiologists blood con-
servation clinical practice guidelines. Ann Thorac Surg.
2011;91(3):944–82. [cited 2023 May 15].

2. Gerstein NS, Brierley JK, Windsor J, Panikkath PV, Ram H, Gel-
fenbeyn KM, et al. Antifibrinolytic agents in cardiac and non-
cardiac surgery: a comprehensive overview and update. J
Cardiothorac Vasc Anesth. 2017;31(6):2183–205. [cited 2023
May 15].

3. WHO Model Lists of Essential Medicines. [cited 2023 May 15].
Available from: https://www.who.int/groups/expert-commit-
tee-on-selection-and-use-of-essential-medicines/essential-
medicines-lists.

4. Nilsson IM, Sjoerdsma A, Waldenstr€om J. Antifibrinolytic
activity and metabolism of 6-aminocaproic acid in man. Lan-
cet. 1960;1(7138):1322–6. [cited 2023 May 17].

5. Sack E, Spaet TH, Gentile RL, Hudson PB. Reduction of post-
prostatectomy bleeding by episilon-aminocaproic acid. N Engl
J Med. 1962;266(11):541–3. [cited 2023 May 17].

6. Brown JR, Birkmeyer NJO, O’Connor GT. Meta-analysis com-
paring the effectiveness and adverse outcomes of antifibrino-
lytic agents in cardiac surgery. Circulation. 2007;115(22):2801–
13. [cited 2023 May 17].

7. Fergusson DA, H�ebert PC, Mazer CD, Fremes S, MacAdams C,
Murkin JM, et al. A comparison of aprotinin and lysine ana-
logues in high-risk cardiac surgery. New Eng J Med. 2008;358
(22):2319–31. [cited 2023 May 17].

8. Henry DA, Carless PA, Moxey AJ, O’Connell D, Stokes BJ, Fer-
gusson DA, et al. Anti-fibrinolytic use for minimising perioper-
ative allogeneic blood transfusion. Cochrane Database Syst
Rev. 2011;2011(3). [cited 2023 May 17].

9. Practice guidelines for perioperative blood management: an
updated report by the American Society of Anesthesiologists
Task Force on Perioperative Blood Management*. Anesthesiol-
ogy. 2015;122(2):241–75. [cited 2023 May 17].

10. Relke N, Chornenki NLJ, Sholzberg M. Tranexamic acid evi-
dence and controversies: an illustrated review. Res Pract
Thromb Haemost. 2021;5(5). [cited 2023 May 19].

11. Okamoto S, Sato S, Takada Y, Okamoto U. An active stereo-
isomer (trans-form) of amcha and its antifibrinolytic (antiplas-
minic) action in vitro and in vivo. Keio J Med. 1964;13(4):177–
85. [cited 2023 May 19].

http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0002
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00052-X/sbref0011


hematol transfus cell ther. 2024;46(S1):S40−S47 S47
12. Gopinath B, Mishra PR, Aggarwal P, Nayaka R, Naik SR, Kappa-
gantu V, et al. Nebulized vs IV tranexamic acid for hemoptysis:
a pilot randomized controlled trial. Chest. 2023;163(5). [cited
2023 May 20].

13. Adler Ma SC, Brindle W, Burton G, Gallacher S, Hong FC, Mane-
lius I, et al. Tranexamic acid is associated with less blood
transfusion in off-pump coronary artery bypass graft surgery:
a systematic review and meta-analysis. J Cardiothorac Vasc
Anesth. 2011;25(1):26–35. [cited 2023 May 19].

14. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tra-
nexamic acid on surgical bleeding: systematic review and
cumulative meta-analysis. BMJ. 2012;344(7858). [cited 2023
May 19].

15. Olldashi F, Kerçi M, Zhurda T, Ruçi K, Banushi A, Traverso MS,
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