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KEYWORDS Abstract Tranexamic acid (TXA) significantly reduces blood loss in a wide range of surgical
Tranexamic acid; procedures and improves survival rates in obstetric and trauma patients with severe bleeding.
Antifibrinolytics; Although it mainly acts as a fibrinolysis inhibitor, it also has an anti-inflammatory effect, and
Liver surgery; may help attenuate the systemic inflammatory response syndrome found in some cardiac surgery
Cardiac surgery; patients. However, the administration of high doses of TXA has been associated with seizures
Subarachnoid and other adverse effects that increase the cost of care, and the administration of TXA to
hemorrhage; reduce perioperative bleeding needs to be standardized.

Trauma; Tranexamic acid is generally well tolerated, and most adverse reactions are considered mild or
Orthopedic surgery; moderate. Severe events are rare in clinical trials, and literature reviews have shown tranex-
Obstetric hemorrhage amic acid to be safe in several different surgical procedures. However, after many years of

experience with TXA in various fields, such as orthopedic surgery, clinicians are now querying
whether the dosage, route and interval of administration currently used and the methods used
to control and analyze the antifibrinolytic mechanism of TXA are really optimal. These issues
need to be evaluated and reviewed using the latest evidence to improve the safety and effec-
tiveness of TXA in treating intracranial hemorrhage and bleeding in procedures such as liver
transplantation, and cardiac, trauma and obstetric surgery.
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Introduction

Fibrinolysis is a process that remodels and degrades blood
clots to restore vascular permeability. The fibrinolytic cas-
cade starts simultaneously with hemostasis, and the clot
forms when platelets bind to fibrinogen to form thrombin.
This in turn will produce a fibrin mesh (clot retraction medi-
ated by platelet integrin alpha Il beta 3) that is stabilized
by factor Xlll and protected from fibrinolysis by plasminogen
activator inhibitors (PAI-1), thrombin mediated fibrinolysis
activation inhibitors (TAFIl), and antiplasmin (alpha2-AP).
These are found in the nucleus of the clot in a higher propor-
tion than fibrinolytic components (plasminogen activators,
urokinase-type plasminogen activator (u-PA), tissue-type
plasminogen activator (t-PA), and the plasminogen substrate
itself). However, the proportion of profibrinolytic factors
is higher around the fibrin mesh, and they will therefore
remodel the clot and ensure the permeability of the vessel,
particularly in medium to small-caliber arteries. In patients
with impaired hemostasis (bleeding or thrombosis), fibrinol-
ysis may be overactivated, leading to bleeding.’?

Tranexamic acid is a molecular analog of lysine that
inhibits fibrinolysis by preventing the binding of plasminogen
to fibrin.? Its preventive use has been studied in different
surgical procedures, and it has proven effectiveness in redu-
cing intraoperative bleeding. It is recommended in surgeries
with an expected blood loss of more than 500 mL.>

TXA administration reduces mortality in bleeding trauma
patients and in postpartum hemorrhage.*> There is also
evidence for TXA in other scenarios, such as cardiovascu-
lar surgery, patients with liver disease undergoing invasive
surgery or procedures with risk of bleeding, and patients
with acute hemorrhagic pathology; however, further studies
are required before it can be routinely indicated. In vascular
and urologic surgery, the use of TXA is still under inves-
tigation, although some randomized evidence in favor has
already been published.®”

In this narrative review of the latest scientific evidence
and expert opinions, we address the issues surrounding the
use of TXA in clinical situations in which it is recommended.

Methods

This narrative review is based on a bibliographic search car-
ried out in the PubMed National Library for case-control
studies, clinical practice guidelines and consensus docu-
ments published between 2000 and June 2020.

We used the Jadad scale to classify the case-control
studies included in this review and select those that are
most relevant for all patient populations and clinical set-
tings. Jadad is a 5-point quality scale ranging from O (poor)
to 5 (rigorous) based on 3 criteria: patient randomization,
blinding, and case dropouts.? The studies are summarized in
tables.

The initial manuscripts were selected by the authors
(MJC, LC, PG, MK, EM, AS) and were then reviewed for inclu-
sion by 2 of the authors, (MJC, AS), who eliminated articles
with a score of 3 or lower on the Jadad Scale (poor quality).

This review does not aim to discuss all possible issues
surrounding the use of TXA; instead, we focus on practical
issues of efficacy and safety reported in each clinical con-

text reviewed: orthopedic surgery and traumatology, liver
disease and liver transplant, cardiac surgery, polytrauma
patients, obstetric patients, and subarachnoid hemorrhage.

Discussion

Main concerns about tranexamic acid in orthopedic
surgery and traumatology

i. Efficacy and safety of TXA in orthopedic surgery

TXA reduces transfusion rates by 25% in procedures such
as primary knee® and hip'® arthroplasty (Table 1). However,
the latest efficacy reviews (Table 1), especially those related
to thromboembolic events and renal complications, do not
report safety outcomes.

Because individual comorbidities such as ischemic heart
disease, history of stroke, peripheral vascular disease,
thromboembolic disease, or vascular stent are not com-
monly reported, the meta-analysis of Fillingham et al.,"
which included 78 randomized clinical trials, used an Amer-
ican Society of Anesthesiologists (ASA) physical status of IlI
or greater as a proxy for the presence of comorbidities asso-
ciated with an elevated risk of a thromboembolic event.
Study populations in which more than 50% of patients were
ASA Il or higher were compared with populations in which
more than 50% were ASA | or Il. Because of limitations in the
inclusion and exclusion criteria in randomized clinical trials
(RCT), meta-regression was performed using ASA status as
a proxy for patients at higher risk for arterial and venous
thromboembolic events. The authors found that the admin-
istration of TXA did not increase the risk of thromboembolic
disease in patients undergoing arthroplasty surgery, but the
level of evidence is moderate.'"'? The same authors pub-
lished a clinical practice guideline in which they concluded
that the effect of TXA was independent of the method of
administration, the number of doses, the use of single or
multiple doses, or administration before or after the inci-
sion. They also observed that 92% of the studies used a
history of a thromboembolic event as the exclusion crite-
rion, and noted that there is a paucity of randomized clinical
trials on the risk of adverse effects of intravenous, topical
and oral TXA in patients with a known history of VTE, MI,
CVA, TIA, and/or vascular stenting, that no clinical trials
have investigated specific risk factors, and that there is a
paucity of randomized clinical trials on the risk of arterial
thromboembolism. Taking these results into account, the
authors’ decision to consider TXA safe in this setting appears
questionable.’3

The Premier Perspective database, which includes 510
US hospitals, is based on notifications of total hip or knee
arthroplasty in 872,416 patients from 2006 to 2012." When
stratifying according to age and comorbidity index, patients
treated with TXA (compared to those not treated) pre-
sented a lower rate of thrombotic complications (0.6% vs
0.8%), acute renal failure (1.2% vs 1.6%), and combined
complications (1.9% vs 2.6%). In another review," the risk
of venous thromboembolism was analyzed by reviewing 73
randomized controlled trials with 4,174 patients and 2,779
controls. The incidence of venous thromboembolism was
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Table 1 Tranexamic acid in orthopedic surgery: meta-analysis.

Knee arthroplasty

718-66£:(9)7L:7707 AB0101S3YISauy 4O Jeulnor uepizeg

Fillingham 67 studies Not described in article.

etal.’

2018 > 9000 In a safety meta-analysis (Fillingham

patients YA,'"13 2018) TXA was only evaluated
in primary knee arthroplasty

Meta-analysis

IV High doses (> -283,06 (-353,6; 0,21 (0,15- 0,27)
20mg.kg' 0> 1g)vs -219,7)

control

IV low doses vs -272,29 (-397,42; 0,35 (0,22-0,51)
control -155,83)

Topical (> 1,5 g) vs -329,4 ( -426,63; 0,26 (0,15-0,4)
control -240,21)

Topical (< 1,5 g) vs -266,32 (-341,69; 0,25 (0,17 - 0,35)
control -200,0)

Hip arthroplasty

Fillingham 16 RCT 31 RCT Not described in article.

etal."”

2018 1668 patients 2545 patients In a safety meta-analysis (Fillingham
YA,'"13 2018) ATX was only evaluated
in primary hip arthroplasty

Meta-analysis

IV high doses (> -332,54 (-430,22; 0,28 (0,2-0,38)
20 mg.kg' 0> 1g)vs -250,28)
control
IV low doses vs -313,72 (-414,95; 0,37 (0,26-0,5)
control -218,21)
Topical (> 1,5 g) vs -296,66 (-392,97; 0,29 (0,17-0,47)
control -200,82)
Topical (< 1,5g) vs -363,75 (-733,03; 0,29 (0,12-0,58)
control -295,16) (NS)
Author (year) Patients Dosage Intraoperative blood loss Total blood loss Transfusion risk RR (IC 95%) Adverse effects

Mean of difference
(IC 95%)

Mean of difference
(IC 95%)

Type of study

Spine surgery

Lu VM2 6 RCT 10-30 mg.kg" initial bolus and -124,11 (-207,15; -41,06) -229,76 (-331,46; -128,06) 0,56 (0,29; 1,07) 4 patients with mild
kidney function
impairment

2018 937 patients 1 a2 mg.kg'.h"! perfusion 1 pulmonary embolism

Meta-analysis 1 deep venous thrombosis

1V, intravenous.
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not significantly different from that of the controls (2.1%
vs 2.0%).

ii. Dosage, timing and route of administration of TXA in
orthopedic surgery

The meta-analysis by Fillingham et al.”'° stratified TXA
according to dosage, and considered > 1 g or > 20 mg.kg’
for IV administration to be a high dose (the general dose is
15 mg.kg™! body weight). (Table 1).

With regard to the timing of TXA administration to
achieve maximum efficacy, the study by Tanaka et al.'®
concluded that in knee arthroplasty, 1 g of IV TXA admin-
istered preoperatively followed by a second dose (1 g) after
removal of the hemostasis tourniquet significantly reduced
blood loss without increasing the risk of thromboembolic
complications. In primary hip arthroplasty, Imai et al."” rec-
ommend 1 g of IV TXA 10 minutes before surgery followed
by a second dose 6 hours thereafter as an effective strategy
for reducing blood loss. In general, IV administration of TXA
is recommended before the surgical incision, but this rec-
ommendation has a moderate level of evidence because the
studies that support it are inconclusive.® 01820

In spinal surgery, the most frequently used doses are 10
to 30 mg.kg™" as a loading dose prior to the surgical incision,
followed by 1 to 2 mg.kg'.h™" during surgery?'-2* (Table 1).

There are very few pharmacokinetic studies in TXA out-
side the setting of cardiac surgery, and the dosing regimens
currently used are largely empirical. Unfortunately, none of
these concentrations are based on any formal in vivo dose-
response studies, and the corresponding therapeutic margin
for TXA and its minimal therapeutic dose to inhibit fibrinol-
ysis remain largely unknown.?

Results obtained from in vitro experiments may not accu-
rately predict the effect in vivo. Picetti et al.?> analyzed 21
pharmacodynamics studies of which 20 were in vitro and one
was in vivo, and determined the drug plasma levels capable
of reducing the activity of tissue plasminogen activator by
80% in vitro (10 mg.mL"), although other studies have not
been able to verify these findings.?° In the studies by Fill-
ingham et al.,” %8 topical, IV, and oral formulations of TXA
were all superior to placebo in terms of reduced blood loss
and transfusion risk, while no formulation was clearly supe-
rior when compared to each other. The use of repeated doses
of oral, IV, topical TXA and higher doses of IV TXA did not
significantly reduce blood loss or the risk of transfusion.

Topical administration of TXA may currently be consid-
ered as an alternative to the IV route in patients in whom
the level of thrombotic risk is unknown, as it has the advan-
tage of minimal systemic absorption and therefore less risk
of complications.'? Its effectiveness in reducing bleeding
and transfusion is similar or slightly inferior than IV admin-
istration, but in the absence of thrombotic risk factors, IV
administration is reasonable to achieve effective and repro-
ducible plasma levels. However, it should be borne in mind
that TXA has a dose-dependent cytotoxicity that affects
wound re-epithelialization and can induce cell shedding.
Therefore, bolus administration of topical TXA should not
exceed a concentration of 5 to 10 mg.mL" and a concen-
tration of TXA of 25 to 50 mg.mL" is recommended when

moistening a surgical wound (the usual concentration in the
vial is 100 mg.mL™").%”

iii. Tranexamic acid and hip fracture

Although elderly patients can be candidates for primary
hip arthroplasty, their clinical profile differs from other
orthopedic patients. Efficacy and risk of complications is
more uncertain than with elective orthopedic surgery, so
the indication for TXA in hip fracture must be individual-
ized. In a recent meta-analysis that included a total of 892
patients from 11 clinical studies, intravenous TXA reduced
the risk of transfusion by 46%, with no increase in the risk of
thromboembolic events; however, the quality of evidence is
low.?8

Various authors recommend taking an individualized,
cautious approach when using TXA in this scenario.?’ Table 2
summarizes the different studies published on TXA in
patients with hip fractures.

iv. Main recommendations for the use of TXA in orthopedic
surgery

e Preoperative administration of TXA in primary hip and
knee arthroplasty surgery is effective and safe.

e Topical administration of TXA is recommended as an
alternative to intravenous (IV) TXA in orthopedic surgery
patients in whom thrombotic risk data are unavailable.

e The indication of TXA in hip fracture should be individu-
alized.

Tranexamic acid in patient with liver disease and
liver transplantation

i. Efficacy and safety of TXA in liver disease and liver
transplantation

Although patients with impaired liver function can
present thrombocytopenia and a deficiency of factors pro-
duced in the liver (mainly V, VII, X, and fibrinogen), their
ability to form thrombin is maintained by a high von Wille-
brand factor and factor VIII ratio. This, together with a
low plasma concentration of natural anticoagulants (pro-
teins C and S and antithrombin Ill), causes resistance to
thrombomodulin that results in hypercoagulation and portal
thrombosis, especially in patients with greater liver involve-
ment (Child C and ascites). In this context, 2 situations can
occur: hypofibrinolysis with an increase in PAI-1 and TAFI,
especially in patients with hepatic decompensation due
to infection/inflammation; and hyperfibrinolysis in patients
with advanced but not decompensated liver involvement,
probably due to low TAFI levels.*

In general, hyperfibrinolysis is usually found in patients
scheduled for liver transplantation (LT); therefore, the pro-
file of the patient awaiting LT differs slightly from that of
the cirrhotic patient with inflammatory decompensation,
and widely from that of the septic patient (with and with-
out liver disease), who mainly presents hypofibrinolysis and
a prothrombotic phenotype. However, despite clear signs
of fibrinolysis on laboratory tests, the presence of clinical
fibrinolysis (cause of bleeding) is rare.?"

The detection of hyperfibrinolysis by laboratory tests has
variable sensitivity and specificity, depending on the test
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Table 2 Tranexamic acid in patients with hip fracture.?®

Sadeghi Yes 15 mg.kg™! IV bolus 32 960 (284)
2007 35 1484 (374)
Zufferey Yes 15 mg.kg™' preoperatively IV 57 975 (741)?
bolus and repeat at 3 hours
later
2010 53 1178 (912)
Vijay Yes 500 mg preoperatively IV 45 39° (10)

bolus + infusion 1 mg.kg™.h"!

during surgery until end
2013 45 91° (17,6)
Emara Yes - 1- 10 mg.kg™! bolus IV 20 640 (25)

preop + continuous infusion of

500 mg in 250 mL of SS with an

infusion of 80 mL.h"" until the

end of surgery.

2014 - 1.5 g TXA in 100 mL SS Topic 20 625 (35)
- SS topic Control 20 1100 (30)
Lee NO 1 g IV bolus 84 No
preoperatively reported
2015 187
Kang Yes 3 g in 100 mL SS topic through ©) 600 (53)
2016 surgical deep drainage 40 737 (62)
40
Tengberg Yes 1 g IV bolus preop + IV infusion 33 1526.6 (1012.7)
3gin24h
2016 39 2100,4 (1152,6)
Baruah NO 15 mg.kg™" bolus IV 30 408,97 (106,35)
15 minutes before
2016 surgery 30 676,67 (87,88)
Watts Yes 2 doses of 15 mg.kg' in 100 mL 69 902
2017 SS IV prior to the incision and 69 1205
another at the end of the
surgery

37
57
42

60
16

40

19
45
60

81.8

84.6
90

100
17
26

No reported

16% vascular adverse effects at
6 weeks in TXA group and 6% in
placebo group

No reported

6 patients in TXA IV group (five
cases of DVT and one case of
stroke) versus 1 patient with
DVT in the control group and
no case in the topic TXA group

There were no differences in
mortality between both groups
at 30 and 90 days.

No reported

90-day mortality was 27,2% in
the TXA group compared to
10,2% (n = 4) in placebo group
No reported

There were no differences in
mortality between both groups
at 30 and 90 days

RCT, Randomized control trial; SS, saline serum; SD, standard deviation; TXA, Tranexamic acid; IV, intravenous.

@ Median (Interquartile Range).
b Deep drainage volumen.
¢ Only patients with hip fracture.
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used and the population studied, and it is difficult to make
comparisons given the heterogeneity of the patient popula-
tions included in the studies published so far. The reference
test is euglobulin clot lysis time (ECLT), or alternatively
the clot ratio at 60 minutes. In ECLT, clot lysis measured
by viscoelastic techniques has excellent specificity but low
sensitivity, with Rotem’s FIBTEM obtaining the best result.

During LT, between 50% and 70% of patients present
hyperfibrinolysis during the anhepatic phase and reperfu-
sion of the liver graft, presenting a profile characterized by
elevated t-PA and low PAI-1 in the initial phases (hepatec-
tomy and anhepatic), with a hatching of the t-PA in graft
reperfusion that is attenuated and compensated by the sud-
den increase in PAI-1 at the end of the procedure. TAFI,
plasminogen and alpha2-APE are maintained at low levels
throughout the procedure.*

The main cause of massive bleeding in LT is hyperfibrinol-
ysis, especially during graft reperfusion. This is associated
with graft dysfunction and enhanced by the transfusion
of prothrombotic factors (plasma, prothrombin complex)
that stimulate hyperfibrinolysis and tissular hypoperfusion.
Therefore, the prediction of hyperfibrinolysis is closely
linked to the prediction of intraoperative bleeding. Hyper-
fibrinolysis in the reperfusion phase of liver transplantation
is often a transient, self-limiting situation that resolves
within 15 to 20 minutes. Despite the lack of clear evidence of
an increased risk of hypercoagulability associated with the
use of antifibrinolytics during LT, a significant number of case
reports have described dramatic thrombotic events that are
most likely associated with the administration of this class
of drug. As a result, routine prophylactic administration of
antifibrinolytics in patients undergoing LT cannot currently
be recommended. Antifibrinolytic therapy (EACA or TXA)
should only be considered in LT recipients with significant
bleeding when hyperfibrinolysis is either suspected or con-
firmed by VET.* Steib et al.** determined that a maximum
amplitude of less than 35 mm in the thromboelastogram was
predictive of hyperfibrinolysis and bleeding. More recently,
A10FIBTEM < 8 mm and A10EXTEM < 35 mm have been found
to predict intraoperative bleeding.?*3

Liver transplantation invariably involves hypofibrinogen-
emia, so correction of fibrinolysis with active bleeding
involves the administration of fibrinogen or cryoprecipitate
at the same time as treatment with antibrinolytic drugs.3¢
In our personal experience, intraoperative hyperfibrinolysis
should be corrected with a TXA bolus of 1 to 2 g IV and fib-
rinogen with 2 to 4 g IV if ATOEXTEM is < 15 mm or clotting
time on FIBTEM is > 300 seconds. This dosage regimen is
similar to that proposed by other authors.*

Given the uncertainty of whether prophylaxis with
antifibrinolytics should be performed in patients with
severely impaired liver function in surgical procedures or
during liver transplantation, no clear recommendation can
be made. Even if hyperfibrinolysis is a cause of bleeding,
systematic intraoperative administration of antifibrinolytics
is not recommended due to the risk of thrombosis, espe-
cially of the hepatic artery. Aprotinin was withdrawn from
the market due to a tendency towards thrombosis and pos-
sible renal failure. Few randomized, double-blind studies
have compared TXA prophylaxis with placebo; however, as
different doses are used, a meta-analysis cannot be per-
formed. Boylan used high doses,*” Dalmau moderate doses,*®

and both demonstrated an important reduction in blood
transfusion. In a comparative study in liver transplanta-
tion, antifibrinolytics, TXA and aprotinin showed the same
efficacy when given prophylactically.’* Regarding safety, a
series of patients receiving prophylactic TXA did not show
an increase in thrombotic phenomena relative to other
series or to a group of untreated patients.° In contrast,
venous thrombosis was higher in patients treated with apro-
tinin; however, after adjusting for risk, no differences were
observed.*!
ii. Main recommendations for the use of TXA in liver

disease and liver transplantation.

e Although patients with impaired liver function may
present coagulation factor deficiency, this status may be
compensated, so it is important to evaluate a possible
tendency towards hypercoagulation.

e The hemostatic profile of the liver transplant candidate
is slightly different from that of the cirrhotic patient
with inflammatory decompensation. Hyperfibrinolysis is
detected in a higher proportion in patients scheduled for
liver transplantation.

e Systematic antifibrinolytic prophylaxis cannot be rec-
ommended in patients with severe impairment of liver
function or during liver transplantation.

Tranexamic acid in cardiac surgery, according to
patient and type of surgery: special concerns

i. Patient and type of surgery: special concerns

Cardiac surgery (CS) is one of the specialties with
the highest bleeding risk. The causes of coagulopathy
after cardiopulmonary bypass (CPB) are multifactorial.
Hemodilution and exposure to CPB circuits cause platelet
destruction and thrombin generation, which increase fib-
rinolytic activity.*>”** Furthermore, hypothermia and the
administration of heparin and protamine also influence peri-
operative bleeding if the dosage is not correct. As fibrinolysis
is an important cause of bleeding, antifibrinolytic drugs
have been shown to be effective in reducing bleeding and
the need for transfusion, and their use is now a Class |
recommendation (level of evidence A) by the American
Society of Thoracic Surgeons and Society of Cardiovascular
Anesthesiologists.*

TXA is indicated in all CS with and without CPB. It has
been most widely studied in the context of coronary artery
bypass surgery, although it has also been investigated in
valve and ascending aortic surgery (Table 3).>“ Cardiac
surgery patients have been one of the most widely studied
populations in the context of TXA use, and the largest study,
published by Myles et al.,* did not detect any TXA-induced
thromboembolic complications.

ii. Dosage and interval of administration of TXA in
cardiac surgery

Table 4 summarizes chronologically the different TXA reg-
imens in CS.%24748 |n the study by Sigaut et al.,* 2 groups of
patients receiving a TXA dose greater than 50 mg.kg"' and
a lower dose were compared. No differences were found
in the mortality, blood transfusion, and reinterventions to
control bleeding.

800
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Table 3  Tranexamic acid in cardiac surgery.

Myles PS et al.*?

(2017)

RCT

Jadad 4

Sigaut et al.*®

(2014)
RCT
Jadad 5

(level 1b)

4631 adults’ patients bypass
coronary surgery

- 2320 Placebo

- 2311 TXA.

Initially 100 mg.kg™' more
than 30 min post
anaesthesia induction

After, 50 mg.kg" due to the
high incidence of seizures

569 Adult’s patients

Coronary by-pass surgery
- 284 low doses TXA
10 mg.kg™" bolus +

1 mg.kg'.h' +

1 mg.kg™! priming OP

- 285 high doses TXA

30 mg.kg™ bolus +

16 mg.kg'.h'" +

2 mg.kg'priming OP

Objective 1% Mortality and
thrombotic complications
during the first 30 days

(p =0.22):

[e]386(16. 7%) Placebo

[¢]420 (18.1%) TXA

Objective 2% Total number
of blood products
transfused during
hospitalization (p < 0.001).
[#]7994 Placebo

[e]4331 TXA
Re-intervention for major
bleeding or cardiac
tamponade (p = 0.001):

[#]2.8% Placebo

[e]1.4% TXA
Seizures (p = 0.002)

[#]0.1% Placebo

[]0.7% TXA
Objective 1% Incidence of
transfusion up to 7
postoperative days (p = 0.3)
[¢]180 low doses TXA

[#]170 high doses TXA

Objective 2°: Blood products
transfusion (p = 0.02)
[e]4.1 £ 0.39 low doses TXA

[e]2.5 £ 0.38 high doses
TXA

Blood loss first 24h (mL)
(p=0,01)

[#]820 + 50.7 low doses TXA

[]590 + 50.4 high doses
TXA

Re-surgical for bleeding
(p =0.03)

[]17 low doses TXA
[e]14 high doses TXA
Seizures (p = 0.7)

[]2 low doses TXA

801

Well-designed study with a very good
sample size

High doses (to 1 mL.kg™" and

0,5 mL.kg™, according to Table S8 of the
Supplemental material of Myles study
100 mg.kg™"), significantly reduces
bleeding (p = 0,026) and number of units
transfused of blood products (p = 0.017)

The incidence of seizures is
low in both groups.

Well-designed study with correct size

No differences in mortality or
transfusion rate

Significant differences in blood loss,
blood products transfused, and
re-interventions for bleeding control

Incidence of seizures also
low compared to other
series reporting 3-7% of
seizures
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Table 3 (Continued)

[e]4 high doses TXA
Mortality from day O to day
28 (p=0.2)

[e]14 low doses TXA

[#]8 high doses TXA

Kuiper et al.*’ 355 Adults 1st Objective:
(2019) Cardiac surgery Blood loss the day of the
surgery (p < 0.001)
Observational, - 204 blood products [#]890 mL. Medical criteria
prospective administration of and
open cohort haemostatic medication
database according to medical
criteria
Jadad 5 - 151 blood products [#]565 mL. Guided by
administration of and ROTEM
ROTEM-guided haemostatic
medication

Use red blood cell
transfusion and haemostatic
medication.

Decreased absolute risk of:
[#]17% by red blood cell
transfusion (p = 0.024)

[e]112% for fresh frozen
plasma (p = 0.019)

[e]112% for fresh frozen
plasma (p = 0.019)

[#]4% by platelet
transfusion (p = 0.582)

In general, more TXA was
administered but not more
fibrinogen

2nd Objective:

Re-surgical intervention for
bleeding and mortality
[e]No statistically
significant difference

In hospital stay
[e]A mean of 4 days was
reduced (p < 0.001)

Economic costs

[¢]€4.8 million ($5.6
million) per year for the
authors’ hospital with about
1,000 procedures annually.

RCT, Randomized control trial; OP, On-Pump coronary artery bypass surgery.
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Table 4 Dosage regimens of tranexamic acid in cardiac surgery.

Horrow et al.,* 1995 10 mg.kg™’!
(1995)

Fiechtner et al.,*® 2001 10 mg.kg™’!
(2001)

Dowd et al.,” 2002 12,5 mg.kg’!
(2002)

Dowd et al.,>! 2002 30 mg.kg™"
(2002)

Fergusson (BART) 2008 30 mg.kg™"

et al.,>?
(2008)
Sevilla Document 2013 30 mg.kg™"

(Leal-Noval et al.,
2013)

1 mg.kg'.h"! No

1 mg.kg'.h! 14-54 mg.L™"
6,5 mg.kg'.h" 1 mg.kg™! 52 mg.L!

16 mg.kg'.h"! 2 mg.kg™! 125 mg.L"
16 mg.kg'.h" 2 mg.kg™!

16 mg.kg'.h"! 2 mg.kg™’!

Seizures in adult patients after CS are an independent
predictor of permanent neurological damage and increase
mortality by up to 29%.>* The 2 main risk factors are open
heart surgery, and especially advanced age. This latter could
be due to the presence of vascular microembolisms that
can cross the blood-brain barrier and can in themselves
be epileptogenic. The TXA molecule, meanwhile, inhibits
GABA-A receptors of the hippocampus and glycine receptors,
causing an increase in neuronal excitability.>>~>’

The recommended TXA doses according to CS transfusion
risk scales such as the Acta-Port Score®®>’ are:

1. Low risk of bleeding (Acta Port Score < 19 with a trans-
fusion prediction of between 5% and 69%): TXA bolus of
10 mg.kg™ prior to sternotomy + 1 mg.kg™'.h"' perfusion
throughout surgery. In this case, the dose is not adjusted
for kidney failure.

2. High risk of bleeding (Acta Port Score > 20 with a
transfusion prediction of between 73% and 95%): TXA
bolus of 30 mg.kg' prior to sternotomy + 10 mg.kg™'.h"’!
perfusion throughout surgery. The dose is adjusted
according to glomerular filtrate levels (adapted from
Jerath et al.®%): > 60 (mL.min'/ 1.73 m?) - 10
(mg.kg'.h""); 30-60 (mML.min""/1.73 m?) - 5 (mg.kg'.h'");
< 30 (mL.min""/1.73 m2) or dialysis - 3 (mg.kg".h'").

iii. Main recommendations for the use of TXA in cardiac
surgery

e Antifibrinolytic drugs have been shown to be extremely
beneficial in cardiac surgery with CPB and are now rec-
ommended with a high level of evidence.

e TXA administration at doses higher than 50 mg.kg"' has
failed to demonstrate a decrease in mortality, bleeding,
or transfusion risk; instead, there is an increased risk of
seizures.

e TXAis not generally considered necessary in CPB priming,
but it is recommended to adjust the dose based on renal
function, according to the serum creatinine level of each
patient.

Tranexamic acid in the polytrauma patient:
important questions

The CRASH-2 study, which showed a 14.5% reduction in 28-
day mortality in the TXA group compared to 16% in the
placebo group, has impacted TXA use in trauma patients.*
A subsequent analysis derived from this study showed that
patients treated with TXA within 1 hour of trauma had a
5.3% risk of mortality from bleeding compared to 7.7% in the
placebo group. However, the risk of mortality from bleeding
increased in patients treated more than 3 hours after the
injury (4.4% vs 3.1%) (Table 5)."

Since publication of this study, many guidelines and sci-
entific societies strongly recommend the administration of
TXA. Early administration, at least within the first 3 hours
of the trauma, is recommended.®'

Despite its impact, the CRASH-2 study has important lim-
itations that need to be considered: selection bias; the
inclusion criteria make it impossible to determine the homo-
geneity of cohorts; there are no data on injury severity
scores, presence of shock (lactate, base deficit) or fibrinoly-
sis at admission; TXA did not reduce bleeding, and only 50%
of study patients received blood transfusion; and there are
no data on the number of cases requiring massive transfu-
sion (MT) or the number of MT protocols used by the different
hospitals.®?

i. Is there evidence for starting administration of
tranexamic acid in the out-of-hospital setting?

The CRASH study” is so far the only study providing a
high degree of evidence for out-of-hospital administration.
Stein et al.® performed a prospective study in 70 patients to
evaluate changes in coagulation from on-scene administra-
tion of 1 g TXA to hospital admission. Patients treated with
TXA showed higher FIBTEM (14 £+ 5 vs. 11 &+ 3.5; p = 0.010)
and EXTEM (61 & 6 vs. 50 + 8; p < 0.001) values compared to
the control group. The increase in D-dimer was significantly
greater in the control group, indicating greater fibrinogen
degradation (Table 5).

The prospective, multicenter Cal-PAT study®* in 362
patients treated with prehospital TXA compared with 362
patients in a historical group showed a decrease in 28-day
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Table 5

Moore et al.,”®
(2016)

Descriptive
Multicentric
2 Centres
Raza et al.,’®

(2013)

Prospective
Observa-
tional
Cohorts

CRASH-2*

(2010)

Prospective
RCT
Multicentric

Age > 18

ISS > 15

Trauma

Age > 15

Trauma
Activation

Adult trauma
(SAP < 90 mmHg
and/or

HR > 110) or
bleeding risk at
8 h post-
trauma

Tranexamic acid in polytraumatic patient.

3 Fibrinolysis
phenotypes:

- HF
- Phy
- SD

PAP < 1500+LM < 15%
normal

PAP > 1500+LM < 15%
moderate (PAP only)

PAP > 1500+LM > 15%

severe

PAP < 1500+LM > 15%
TEG only

TXA Group

Placebo Group

2540

288/325

20211

- Define FL types

- Define FL type
predictors

- FL relationship with
mortality

-Prevalence and
severity of FL

-Sensitivity of ROTEM
to detect FL

-Association FL/
Tissue injury

Effect of early
administration of TXA
on survival,
thrombotic lesions,
and transfusion

HF (34%)

SD (22%)

Phy (14%)

p < 0,0001
Normal = 100

PAP only = 165

Severe = 15

TEG only = 8

90% of 1SS > 24

PAP > 1500 and only
11.6% LM > 15%
Mortality

TXA 14,5% vs 16 %; p
0.0035

RR 0.91

Vascular event

TXA 1.7% vs 2 %; p 0.085

GCS of 3 in the SD
and HF group may be
a bias in mortality

(Not
describe
missing)
No clinical
trial

(Describe
missing)

No clinical
trial

Lack of description of 5

ISS and injuries of
both groups

RCT, randomized control trial; FL, Fibrinolysis; HF, Hiperfibrinolisis; SD, South Down Fibrinolysis; PHY, Fibrinolysis physiological; GCS, Glasgow Coma Score; PAP, Plasmine anti-plasmine

complex; LM, Lysis maxima; TEG, Thromboelastography; ISS, Injury Severity Score; SAP, Systolic arterial pressure; HR, heart rate.
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mortality (3.66 vs. 8.3%). The difference in mortality was
greatest in severely injured patients with ISS > 15 (6% vs.
15.5%).

These studies support prehospital administration of
TXA, despite their design limitations. The randomized
double-blind STAAMP study,® which evaluates the effect of
prehospital TXA on 30-day mortality did not result in a signi-
ficantly lower 30-day mortality, but it was safe and did not
result in a higher incidence of thrombotic complications or
adverse events.

ii. Should all multiple trauma patients receive TXA?
Which trauma patients benefit the most from TXA
treatment?

The first question is probably: in which kind of
trauma is TXA is indicated? Should it be limited to
severely bleeding, coagulopathic patients with hemody-
namic compromise/shock? Or should the cyclist with an
isolated tibial fracture also be included? Despite an increas-
ing number of studies recommending liberal use, current
guidelines recommend using TXA only for severe bleeding or
in patients who are bleeding or at risk of significant hemor-
rhage that is (or at least might be) due to hyperfibrinolysis.®
This raises the second question: Is TXA safe? There is
growing concern about the possibility of thromboembolic
complications.?* In the military setting, TXA administra-
tion is an independent risk factor for VTE.®’-7° Additionally,
statistical analysis ambiguities (more specifically, the inter-
pretation of statistical tests), especially the upper limits
of the confidence intervals in almost every study published
by the London School of Hygiene & Tropical Medicine, may
confound study findings.?* The authors are aware of this
problem. The results of CRASH-2, CRASH-3 and WOMAN were
not reproducible in a modern hospital setting in developed
countries with a high socioeconomic status.”'~74

Nevertheless, 25% of patients present acute traumatic
coagulopathy (ACT) on arrival at the hospital,”” and the
presence of fibrinolysis is also an aggravating factor for
mortality.”

Moore et al.,’® differentiated 3 phenotypes using
thromboelastography in a study of 2.540 patients. Hyper-
fibrinolysis appeared in 18% of patients, and was associated
with the highest mortality rate (34%), hypofibrinolysis was
present in the 46% of patients and was associated with
the second highest mortality rate (22%), and physiologi-
cal fibrinolysis, found in 36% of patients, was associated
with a 14% death rate. The authors’” believe that an imbal-
ance between the plasminogen activator inhibitor (PAl-I) and
activator (tPA) could be the cause of hypofibrinolysis, and
they question the use of TXA in these patients, suggesting
that patients should be treated on the basis of thromboe-
lastographic results, although more evidence is required
(Table 5).78

Despite the progress in fibrinolysis phenotype diagnosing,
empirical treatment with TXA within the first 3 hours after
trauma is still recommended in mature trauma systems.
Especially in patients with significant hemorrhage and sys-
tolic blood pressure less than 90 mmHg or heart rate higher
than 110 beats /minute or who require any transfusion.*

iii. What is the ideal dosage and interval of TXA in
trauma patients?

Grassin-Delyle et al.,”® in a pharmacokinetic study in 73
trauma patients who received 1 g of intravenous TXA before

arrival at the hospital, found that the plasma concentration
on arrival at the hospital was 28.7 (21.85-38.5 [8.7-89.0])
pg.mL-1 and less than 20 pg.mL-1 (the lowest target concen-
tration) in 21% of patients. The TAMPITI study?® randomizes
patients to receive placebo or 2 single IV boluses of TXA
(4 g or 2 g), and the STAAMP®® trial studies the effect of
pre-hospital infusion of TXA, evaluating doses higher than
4 mg.kg" in patients requiring transfusion.

iv. Is monitoring essential after TXA administration in
trauma patients?

According to Moore et al.,®' the empirical administra-
tion of TXA warrants careful evaluation, and the authors
support its use within 2 hours of injury in severe trauma
patients with a pattern of thromboelastogram-documented
hyperfibrinolysis. When evaluating clot formation with
thromboelastography, platelet-induced clot retraction may
be interpreted as a false positive for hyperfibrinolysis, so
some authors suggest measuring a sample in parallel with
TXA to rule this out.??

V. Main recommendations for the use of TXA in trauma.

e In trauma patients with high suspicion of bleeding, TXA
administration is recommended in the first 3 hours after
the injury.

e Current evidence is limited to a recommendation of out-
of-hospital administration of TXA.

e The ideal dosage and interval of administration of TXA in
these patients has yet to be defined.

Tranexamic acid in the obstetric patient

Postpartum hemorrhage (PPH) is still the obstetric emer-
gency with the highest maternal mortality. The overall
incidence of PPH is estimated at between 6% to 11%, and
that of severe PPH is between 1% and 3%.%* According to the
latest consensus guidelines published by NATA (Network for
the Advancement of Patient Blood Management, Haemosta-
sis and Thrombosis), PPH is defined as blood loss of more
than 500 mL in the first 24 hours, and severe PPH as blood
loss of over 1000 mL.%

Up to 75% of PPH cases are caused by uterine atony,®
which is why the use of uterotonics is recommended as the
first line of treatment, with a 1A level of evidence.®® How-
ever, only 6.4% of PPH-related deaths are due to uterine
atony,® suggesting that other causes and treatments should
be considered.

During placental delivery, degradation of fibrinogen and
fibrin occurs together with an increase in the activation of
plasminogen activators and fibrin degradation products due
to activation of the fibrinolytic system, which is why TXA
may be useful in cases of PPH that are not associated with
uterine atony.®*%

i. Current evidence on the use of TXA in the obstetric
patient.

A recent meta-analysis®* analyzing the efficacy of pre-
incisional TXA in caesarean section and the use of TXA after
vaginal delivery, with uterotonic co-administration, showed
a decrease in the incidence of bleeding, blood transfusion
and additional medical interventions. Administration of pro-
phylactic TXA for vaginal delivery also reduced bleeding.®
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Table 6 Tranexamic acid in obstetrics’ patients.

Novikova Healthy women
N&4 with low risk of
bleeding by
caesarean section
or childbirth
(2015)
Meta-
analysis
and Sys-
tematic
review

Mirghafourvand Pregnant women

M8 with a single
foetus at low risk
of PPH

(2015)
RCT double-

blind

Evaluates 12
RCT.

9: Efficacy of
pre incisional
TXA in
caesarean
sections

3: Efficacy of
TXA after
vaginal
delivery.

In all RCTs, TXA
was associated
with
uterotonics and
compared with
placebo or no
treatment.
TXA group: 1 g
of after
delivery

Control:
Placebo

N: 3285

Caesarea’s:
2453

Deliveries:
832

N: 120

TXA: 60

Control: 60

To determine
the
effectiveness
and safety of
TXA in
preventing PPH
compared to
placebo, no
treatment, or
uterotonics

To assess the
effect of TXA
on postpartum
vaginal
bleeding in low
risk of
postpartum
haemorrhage
women

Decrease incidence of
bleeding greater than
400-500 mL in vaginal
delivery.

Decrease bleeding
more than 1000 mL in
caesarean sections.

Decrease bleeding,
blood transfusion,
and additional
medical
interventions.

Bleeding as measured
was significantly less
in the TXA group.

Using the GRADE
criteria, the risk of
bias was assessed as
moderate

Nausea and vomiting
were more frequent
in TXA group.

Serious adverse
effects could not be
assessed by sample
size

2 cases had nausea
and vomiting in TXA
group and none in the
control group, but
the study is not
powerful to assess
adverse effects.

The size of the study 3
is one of its biggest
biases.

No thrombotic events.
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Table 6 (Continued)

Sujata N& Women
undergoing
elective or urgent
caesarean section
with high risk of
PPH

(2016)

RCT

WOMAN? Women > 16 years
old with clinical
diagnosis of PPH
after caesarean
section or vaginal
delivery

(2017)

RCT multi-

centre,
double
blind

TXA group:
10 mg.kg™’!

Control: Saline
Serum

Both
administered
10 minutes
before the
incision.

TXA group: 1 g,
and a possible
second dose
after

30 minutes if
bleeding was
ongoing.

Control:
Placebo.

N: 60 To assess the
effect of TXA in
patients
undergoing
caesarean
section with a
high risk of PPH

TXA: 30

Control: 30

N: 20.021 To determine
the effects of
TXA on
mortality,
hysterectomy,
and other
complications
in women with
PPH

TXA: 10,036

Control:

9,985

TXA group required
significantly less
additional
uterotonics.

TXA did not decrease
mortality from any
cause or the
incidence of
hysterectomy.

TXA decreased
mortality from
bleeding in patients
who were
administered in the
first 3 hours
postpartum.

The TXA also
significantly reduced
the incidence of
laparotomies to
control bleeding.

TXA was safe for both
and was not
associated with a
greater number of
thrombogenic events,
but the power of the
study was insufficient
to analyse the
adverse effects.

There were no
significant
differences regarding
the incidence of
thromboembolic
events, organ failure,
or sepsis.

The risk of bias is high
because the study
was not double-blind.

Regarding
hysterectomy, in
many cases the
decision to perform a
hysterectomy was
already made before
administering the
drug.

Regarding mortality,
in some cases it was
so early after
randomization that it
should not be
associated with AT
use.
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Table 6 (Continued)

Brenner A
(Brenner
et al.,
2018)

WOMAN sub-
analysis

Sentilhes L8

(2018)

RCT multi-
centre,
double
blind

WOMAN’s study
patients
randomized in the
first 3 hours
postpartum.

Excluding
hysterectomies
and early deaths

Women in labour
with vaginal
delivery of a single
expected child
without increased
risk of bleeding or
thrombosis

TXA group: 1g N: 14,923
and a possible
second dose
after
30 minutes if
bleeding was
ongoing.
Control: TXA: 7,518
Placebo.
Control:
7,405
TXA group: 1g N: 3,891
of TXA after
delivery
Control: TXA: 1,945
Placebo
Control:
1,946

To determine
the effects of
TXA on
mortality and
hysterectomy
in women with
PPH

To know if the
administration

of prophylacti-

cally TXA in
addition to
oxytocin after
delivery
reduces the
incidence of
PPH

TXA showed a
significant decrease
in death from
bleeding, but not
from hysterectomy.

TXA decreased
bleeding > 500 mL,
but not significantly
(p=0,07)

TXA decreased
significantly bleeding
> 500 mL, clinically
significant PPH, and
the use of additional
uterotonics.

No evaluated

TXA was associated
with an increased
incidence of nausea
and vomiting, but not
increase the
incidence of
thromboembolic
events at 3 months.

This sub-analysis tries
to avoid the biases
discussed in the
WOMAN study, but it
has important
statistical limitations.

The importance of
the difference
between > 500 mL
and > 500 mL remains
to be defined.

5

RCT, Randomized control trial; TXA, Tranexamic acid; PPH, Postpartum Haemorrhage.
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TXA after caesarean section with PPH risk reduced the need
for uterotonics (Table 6).%

The WOMAN trial,> published in 2017, evaluated the effi-
cacy of administration of TXA vs placebo in 20,021 patients
with a clinical diagnosis of PPH. TXA reduced mortality from
bleeding, but not all-cause mortality. However, as in other
types of patients, mortality due to bleeding was reduced
when the drug was administered within the first 3 hours
postpartum, but not when it was administered after this
window.® Hysterectomy was not reduced with TXA; how-
ever, many hysterectomies were indicated at the time PPH
was diagnosed, so TXA did not affect this decision - a study
weakness acknowledged by the authors.” In a recent study
carried out in 15 French hospitals,® the administration of
1 g of TXA in the immediate postpartum period together
with oxytocin decreased clinically significant PPH and the
use of additional uterotonics (Table 6).%8

Based on the foregoing evidence, after the administra-
tion of uterotonics and following diagnosis of PPH, the
administration of 1 g IV TXA is recommended within the
first 3 hours of delivery, repeating the dose after 30 min-
utes if necessary. This recommendation has a 1B level of
evidence.®

However, in the case of caesarean section, the NATA
consensus guidelines advise against the routine use of
tranexamic acid to prevent PPH, reserving its use for cases
of antepartum bleeding and in women at increased risk of
PPH, and recommend administering TXA at dosesof 0.5to1g
in addition to oxytocin in patients with high risk of PPH.%
Despite the decrease in the incidence of bleeding greater
than 500 mL after vaginal delivery shown in the study by
Sentilhes et al.,% the prophylactic use of TXA in vaginal
delivery is not currently recommended. In severe PPH, the
NATA guidelines recommend goal-guided replacement using
laboratory results or viscoelastic techniques (Table 6).%°

ii. Main recommendations for the use of TXA in the
obstetric patient.

e The use of prophylactic TXA in vaginal delivery is not cur-
rently recommended.

e TXA may be useful in postpartum hemorrhage (PPH) situa-
tions that are not associated with uterine atony.

e Once PPH has been diagnosed. After administration of
uterotonics, 1 g of IV TXA is recommended within the
first 3 hours of delivery, repeating the dose after 30 min-
utes if necessary. This recommendation has a high level
of evidence.

Tranexamic acid in subarachnoid hemorrhage:
evidence and controversies

Subarachnoid hemorrhage due to aneurysmal rupture occurs
in relatively young patients (mean age 55 years).?*~%" A fre-
quent complication of patients with SAH is rebleeding of the
aneurysm itself, which occurs in the first 3 to 6 hours after
SAH, and is the main cause of mortality and morbidity.*>~%
Early interventional treatment through coiling and/or clip-
ping of the aneurysm fails to prevent most rebleeding
that occurs in the early stages. Therefore, early medical
treatment with antifibrinolytics could be indicated in these
patients. However, although studies performed so far report

a reduction in rebleeding, TXA did not improve morbid-
ity and mortality, and the benefit of TXA in late cerebral
ischemia is controversial.®°1.%3

These studies, it should be noted, are heterogeneous in
terms of drug, medication, dose, and final objectives.’® The
results of the ultra-early, short-term administration study
are still pending.®®

In view of the foregoing, routine administration of TXA is
not indicated except in selected cases, and the best dosage
and interval remain unclear.??

The most important studies performed in patients with
intracranial hemorrhage - TICH-2°7 and CRASH-3%® - show
that functional status 90 days after intracerebral hemor-
rhage did not differ significantly between patients receiving
TXA and those receiving placebo, despite a reduction in early
deaths and serious adverse events. Treatment within 3 hours
of injury reduces head injury-related death. TXA should be
administered as soon as possible after injury. The CRASH-3%
study reports that TXA is safe in patients with TBI.

i. Current evidence and controversies on the use of TXA
in subarachnoid hemorrhage.

The current recommendations of the Neurocritical Care
Society’s Multidisciplinary Consensus Conference on mana-
gement of SAH are®’:

1) Early, short course with antifibrinolytic therapy before
definitive treatment of the aneurysm (begun at the time
of diagnosis and continued up to the point at which the
aneurysm is secured, or at 72 hours post-ictus, whichever
is shorter) (weak recommendation).

2) Do not start treatment 48 h after the event or extend
it for more than 3 days when the risk of rebleeding has
already decreased (Strong recommendation).

In addition, the authors suggest avoiding the use of
antifibrinolytic therapy in patients with high thromboem-
bolic risk, and closely monitoring for possible thromboem-
bolic complications.

However, the authors of the 2013 European Stroke Orga-
nization Guidelines for the Management of Intracranial
Aneurysms and Subarachnoid Hemorrhage point out that
there is currently no medical treatment that improves out-
comes by reducing rebleeding (class 1, level A evidence),
and further studies with ultra-early and short-term admin-
istration of TXA are needed.®>%

Considering all these data, and despite the different
approaches put forward in the studies analyzed,®°"% we
believe that early treatment of the aneurysm either by
endovascular technique (coiling) or by clipping is currently
the treatment of choice and the mainstay of management
in patients with subarachnoid hemorrhage due to aneurys-
mal rupture. However, rebleeding in the first few hours is a
risk factor associated with high mortality. Starting treatment
with TXA at the time of diagnosis and continuing it for the
first 24 hours at most, or until the aneurysm is secured early,
could provide protection against rebleeding, and prevent
the ischemic complications associated with longer treat-
ments.

ii. Main recommendations for the use of TXA in
subarachnoid hemorrhage.
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e A frequent complication of patients with subarachnoid
hemorrhage (SAH) is rebleeding of the aneurysm itself.
This occurs in the first 3 to 6 hours after SAH, and is the
main cause of mortality and morbidity.

e Routine administration of TXA in SAH is not indicated,
except in selected cases. The ideal dosage and interval
is not clear.

e The recommendation of early treatment with TXA for
the first 72 hours, before definitive treatment of the
aneurysm, is weak.

Conclusion

We agree that the use of TXA provides benefits to improve
patient outcomes during major bleeding. But, more quanti-
tative studies are needed to evaluate the prophylactic use
of TXA, optimal drug dosage, administration time as well as
relevant safety aspects. Strong trials and subsequent meta-
analyzes of such studies remain the pinnacle of reliable
evidence. However, in the absence of such evidence, the
anesthesiologist must evaluate the results reported in retro-
spective cohort studies with expert opinions of less scientific
evidence. Still, we must use the full range of reliable, repro-
ducible, and peer-reviewed data to increase our knowledge.
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