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Tranexamic acid - a promising
hemostatic agent with limitations:
a narrative review
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Tranexamic acid (TXA) is a synthetic antifibrinolytic agent that has been used for several
decades to reduce blood loss during surgery and after trauma. TXA was traditionally used
to reduce bleeding in various clinical settings such as menorrhagia, hemophilia, or other
bleeding disorder. Numerous studies have demonstrated the efficacy of TXA in reducing
blood loss and the need for transfusions. Interest in the potential applications of TXA be-
yond its traditional use has been growing recently, with studies investigating the use of
TXA in postpartum hemorrhage, cardiac surgery, trauma, neurosurgery, and orthopedic
surgery. Despite its widespread use and expanding indications, data regarding the safe and
appropriate use of TXA is lacking. Recent clinical trials have found various potential risks
and limitations in the long-term benefits of TXA. This narrative review summarizes the
clinical applications and limitations of TXA.

Keywords: Blood transfusion; Cardiac surgical procedures; Hemorrhage; Neurosurgery;
Orthopedic procedures; Postpartum hemorrhage; Tranexamic acid; Trauma.

Introduction

Tranexamic acid (TXA) is a synthetic antifibrinolytic agent developed in the 1960s that
has been used to manage bleeding disorders for decades. TXA reduces bleeding by pre-
venting the breakdown of fibrin clots and reducing blood loss through inhibiting the ac-
tivation of plasminogen to plasmin, which is 8-10 times more potent than e-aminocapro-
icacid [1-5].

TXA was first used in women with heavy menstrual bleeding and patients with heredi-
tary bleeding disorders [1]. However, subsequent studies showed that TXA could signifi-
cantly reduce the risk of mortality from bleeding after trauma or surgery by decreasing
the risk of hemorrhage and the need for transfusions [2,3]. Owing to its blood-saving ef-
fect, TXA has been used to treat bleeding disorders, including trauma, obstetrics and gy-
necological diseases, and gastrointestinal bleeding, even in the surgical field. Currently,
TXA is included in the World Health Organization (WHO) Model List of Essential Med-
icines, and interest in the use of TXA in various clinical settings, such as postpartum
hemorrhage (PPH), surgical hemorrhage, and trauma, is growing [1-5]. A recent large
clinical trial (Perioperative Ischemic Evaluation-3; POISE-3) revealed that TXA signifi-
cantly reduces the incidence of life-threatening or major bleeding in patients with a risk
of bleeding and cardiovascular events undergoing noncardiac surgery [6].

However, data on the clinical use and safety of TXA are limited except in areas with
large-scale clinical trials. Moreover, recent clinical trials have reported disappointing re-

sults that suggest that TXA is not associated with favorable long-term outcomes or func-
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tional improvement. The clinical use of TXA also has potential
risks, such as seizures and thrombosis, and limitations (e.g., the
optimal dosage or timing of administration is unknown). This
narrative review summarizes the various clinical uses of TXA and
its limitations based on previous clinical trials that have been con-
ducted to date.

Coagulation cascade, fibrinolysis system, and
mechanism of action of TXA

The coagulation cascade and fibrinolytic system are comple-
mentary systems to maintain hemostasis and balance between co-
agulation and bleeding in the body [1,5]. When the endothelial
wall of a blood vessel is damaged, platelet activation leads to vaso-
constriction and platelet aggregation, which promotes the forma-
tion of platelet plugs and thrombin through the activation of the
coagulation cascade. Thrombin-activated fibrinogen forms fibrin
crosslinks to strengthen blood clots composed of red blood cells,
white blood cells, platelets, fibrinogen, fibrin, and plasminogen.
Simultaneously, local fibrinolysis prevents systemic spread result-
ing from uncontrolled thrombus generation. The local activation
of plasminogen activator (PA) in the vascular endothelium con-
verts plasminogen to plasmin, which results in fibrinolysis at the
site of thrombus formation. Likewise, the coagulation process is
tightly regulated by a counteracting fibrinolytic system to prevent
excessive coagulation, which can lead to thrombosis or the forma-
tion of blood clots in blood vessels. The fibrinolytic system is
tightly regulated to prevent bleeding due to excessive activation.
However, coagulopathy can result from systemic fibrinolytic acti-
vation in cases such as delivery, trauma, surgery, or exposure to
cardiopulmonary bypass (CPB) or extracorporeal circulation,
which can promote excessive activation of fibrinolysis beyond a
personss ability to regulate it physiologically.

TXA is an antifibrinolytic agent that prevents fibrin degrada-
tion by binding to the lysine-binding site where plasminogen and
plasmin bind to fibrin, thereby inhibiting its fibrinolytic activity.
TXA does not directly affect the coagulation cascade but indirect-
ly supports the coagulation process by inhibiting the fibrinolytic
system and stabilizing clots, which helps prevent excessive hemor-
rhage [5].

Pharmacology of TXA

The peak blood concentration of TXA is reached within 3 h of
oral administration and within 1 h of intravenous administration
[1,7-9]. The volume of TXA distribution is approximately 9-12

liters, and its protein binding rate is low, at approximately 3% [7].
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TXA is deposited in tissues and diffuses rapidly into the joint flu-
id or synovial membrane, resulting in the maintenance of similar
blood and joint cavity concentrations [1,7]. TXA crosses the
blood-brain barrier, and its concentration in the cerebrospinal
fluid is 1/10 of its blood concentration after intravenous adminis-
tration of 10 mg/kg TXA [1,7]. In pregnant women, the placental
concentration of TXA is 4-31 pug/ml when the plasma concentra-
tion is 10-53 pg/ml [1,7]. In addition, TXA is safe to administer
in women who are breastfeeding [1,7].

The half-life of TXA is approximately 2-3 h, but its biological
half-life is approximately 80 min [1,5,7-9]. After intravenous ad-
ministration of 10 mg/kg TXA, 30% is excreted within an hour,
and 90% is excreted within 24 h in an unchanged form by the kid-
neys [1,5,7-9]. The renal clearance rate equals the plasma clear-
ance rate from 110 to 116 ml/min; therefore, for patients with im-
paired renal function, the dose should be reduced because of in-
creased plasma concentrations [1,5,7-9]. According to pharmaco-
kinetic studies of patients with chronic kidney disease (CKD) un-
dergoing cardiac surgery, while CKD itself is not contraindicated,
an optimized dosing regimen based on the CKD stage and glo-
merular filtration rate should be implemented because the plasma
concentration of TXA increases over a long period in patients
with CKD stage 3 or higher [1,10,11].

Studies comparing the effect of fibrinolysis according to the
plasma concentration of TXA found that for 100% inhibition of
fibrinolysis, the plasma concentration was 100 pg/ml, while for
80% inhibition of fibrinolysis, the plasma concentration was 10-
20 pg/ml [8,11]. Generally, 80% inhibition of fibrinolysis is con-
sidered sufficient for clinical use [1]. However, a higher plasma
concentration may be required to maintain the effectiveness of
TXA in patients in a hyperfibrinolytic state, such as those under-
going CPB surgery [2]. Therefore, efforts should be made to max-
imize the antifibrinolytic effects and minimize the adverse effects
by adjusting the dose and timing of TXA administration accord-
ing to the patient’s coagulation status, clinical situation, and surgi-

cal procedure.

Applications of TXA
Obstetric fields

Although TXA was developed to reduce PPH, which is an im-
portant cause of maternal mortality and morbidity, the extent to
which hyperfibrinolysis affects bleeding in severe PPH remains
unknown [2]. Likewise, clinical trials using TXA in the field of
obstetrics have shown ambiguous results in terms of overall out-

comes (Table 1).
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Table 1. Clinical Trials on the Use of Tranexamic Acid in the Obstetric Field
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Clinical trial Subjects

Definition and treatment

Results

WOMAN trial [12] Women with PPH from low- and

middle-income countries (n =

-TXA 1 g vs. placebo

-PPH: blood loss > 1,000 ml or an
allogeneic RBC transfusion with-
in 2 d of delivery

-TXA 1 gvs. placebo

20,060)
TRAAP1 [15] Vaginal delivery (n = 4,079)
lector bag
TRAAP2 [16] Cesarean delivery (n = 4,551)

-TXA 1-2 g or placebo

-Mortality rate: 1.5% vs. 1.9% for the placebo
(RR: 0.81, 95% CI [0.65, 1.0], P = 0.045)

-If given within 3 h: 1.2% vs. 1.7% for the place-
bo (RR: 0.69, 95% CI [0.52,0.91], P = 0.008)

-PPH: blood loss > 500 mlin a col- -No significant differences in PPH (8.1% vs.

9.8% for the placebo; RR: 0.83, 95% CI [0.68,
1.01],P = 0.07)

-A lower likelihood of PPH (26.7% vs. 31.6% for
the placebo; adjusted RR: 0.84, 95% CI [0.75,
0.94], P = 0.003)

-Average difference in blood loss: 100 ml
-No clinical differences

WOMAN trial: World Maternal Antifibrinolytic trial, TRAAP1: Tranexamic Acid for Preventing Postpartum Hemorrhage Following a Vaginal
Delivery study, TRAAP2: Tranexamic Acid for Preventing Postpartum Hemorrhage Following a Cesarean Delivery study, PPH: postpartum

hemorrhage, TXA: tranexamic acid, RBC: red blood cell, RR: relative risk.

The WOMAN (World Maternal Antifibrinolytic) trial was a
large-scale randomized clinical trial (RCT) involving 20,060
pregnant women with PPH in low-and middle-income countries
[12]. The relative risk of death due to hemorrhage was decreased
by 19% in the group that received 1-2 g TXA compared to the
control group (mortality rate due to bleeding 1.5% vs. 1.9% for
the placebo). The best effects were seen when TXA was adminis-
tered within 3 h of delivery, reducing the relative risk of mortality
due to hemorrhage by 31% (mortality rate due to bleeding 1.2%
vs. 1.7% for the placebo). Despite criticism that these results
would not be achievable in developed countries with better
healthcare environments and infrastructure, the WHO recom-
mends using TXA as a standard treatment for PPH in all cases
[13,14]. However, the TRAAPI (Tranexamic Acid for Preventing
Postpartum Hemorrhage Following a Vaginal Delivery) study, a
RCT of 4,079 pregnant women, revealed that the administration
of 1 g TXA did not decrease the incidence of PPH, defined as a
blood loss of > 500 ml (8.1% vs. 9.8% for the placebo) [15]. The
TRAAP2 (Tranexamic Acid for Preventing Postpartum Hemor-
rhage Following a Cesarean Delivery) study assessed the inci-
dence of PPH in 4,551 patients who underwent a cesarean sec-
tion. Although this RCT showed a decreased incidence of PPH
in the group treated with 1 g TXA (26.7% vs. 31.6% for the place-
bo), the average difference in blood loss between the two groups
was 100 ml; thus, the clinical advantage of TXA could not be de-
termined [16]. Moreover, recent systematic reviews and me-
ta-analyses have reported that TXA does not appear to reduce
the amount of bleeding after cesarean sections, blood transfu-
sions, or hysterectomies [17,18]. In addition, a recent retrospec-
tive study that included a propensity-matched analysis showed

no difference in maternal morbidity and mortality between the
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women with PPH who received TXA early and those who re-
ceived TXA late or not at all (odds ratio [OR]: 0.92, 95% CI
[0.66, 1.27]) [19].

Therefore, goal-directed treatment protocols using functional
coagulation assays with viscoelastography are required to accu-
rately and effectively treat PPH during pregnancy. For example,
a TXA dose of 600-650 mg within 1 h of childbirth was predict-
ed to be sufficient to prevent PPH in a recent population phar-
macodynamic analysis study [20,21]. A recent WHO recom-
mendation for PPH treatment emphasized that 1 g TXA (intra-
venously over 10 min; 100 mg/min) should be administered in
all cases of PPH as soon as possible within 3 h after onset
[13,14].

Cardiac surgery

Owing to numerous results showing that TXA helps reduce
bleeding and transfusions in cardiac surgery regardless of the
presence or absence of extracorporeal circulation, guidelines have
consistently recommended the use of TXA in cardiac surgery
[22,23]. Recent guidelines strongly recommend the use of TXA to
reduce the amount of bleeding and blood transfusions (Class IA,
Level A), and these advantages can be found even in off-pump
coronary artery bypass graft (CABG) surgery (Class, ITA, Level B-
R) [24]. TXA has also been reported to be helpful in patients un-
dergoing deep hypothermic circulatory arrest, which can promote
fibrinolysis [25].

The use of TXA has rapidly increased since the withdrawal of
aprotinin by the Food and Drug Administration in 2008. Howev-
er, reports of serious complications, especially adverse neurologi-

cal events such as seizures or thrombosis, have also increased
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[1,26]. The International Society for Minimally Invasive Cardio-
thoracic Surgery recommends that the total amount of TXA not
exceed 100 mg/kg in patients aged > 50 years who undergo on-
pump cardiac surgery to avoid potential neurotoxic complications
[27]. Several clinical trials have been conducted to evaluate the ef-
fectiveness of TXA and the risk of complications (Table 2). The
Aspirin and Tranexamic Acid for Coronary Artery Surgery
(ATACAYS) trial addressed the potential risk for thrombosis asso-
ciated with TXA [28,29]. This trial confirmed that TXA could
reduce the incidence of blood transfusions or reoperation due to
major hemorrhage or cardiac tamponade in CABG surgery (1.4%
vs. 2.8% for the placebo; P = 0.001) without an increase in the
30-day mortality rate or complications due to thrombosis (myo-
cardial infarction, cerebral infarction, pulmonary embolism, re-
nal failure, intestinal embolism, etc.) [28]. Additionally, no differ-
ences in major adverse cardiovascular events were found at the
1-year follow-up [29]. Interestingly, the dose of TXA was reduced
by half, from the initial 100 mg/kg to 50 mg/kg owing to the risk
of seizures during the ATACAS trial. The incidence of seizures
was significantly higher in all patients, regardless of whether 50
mg/kg or 100 mg/kg TXA was used (0.7% vs. 0.1% for the place-
bo; P = 0.002) [28]. However, the risk of seizures seemed to be
dose-dependent, with a higher risk associated with higher doses.
A meta-analysis conducted in 2019 showed that both low-dose
TXA (< 50 mg/kg bolus only or < 10 mg/kg bolus + 1 mg/kg/h
infusion) and high-dose TXA (> 50 mg/kg bolus only or > 10
mg/kg bolus + 1 mg/kg/h infusion) resulted in a reduction in the
amount of blood transfused [30]. However, high-dose TXA was

associated with a 4.83-fold greater risk of seizures than low-dose

Table 2. Clinical Trials on the Use of Tranexamic Acid in Cardiac Surgery

TXA [30].

Therefore, the doses of TXA currently recommended for car-
diac surgery are decreasing. Moreover, this is supported by a
population-based pharmacokinetic analysis in patients with
CKD, which showed that with a lower dose of TXA as 25-30 mg/
kg bolus, the plasma concentration reaches high enough levels
for 100% inhibition of fibrinolysis [31]. Because of the possible
risk of complications due to elevated plasma concentrations of
TXA in patients with CKD, the dose must be optimized in this
patient population [32,33]. Recent studies have suggested that
high-dose TXA (30 mg/kg bolus + 16 mg/kg/h infusion + 2 mg/
kg priming) be used in patients with high-risk bleeding, and low-
dose TXA (10 mg/kg bolus + 1-2 mg/kg/h infusion + 1 mg/kg
priming) be used in patients with low-risk bleeding [33,34].
However, dosing strategies linked to the objective clinical effect
of TXA at therapeutic concentrations and viscoelastography are
needed [2].

Trauma

An imbalance in the physiological response to fibrinolysis,
which can lead to hyper- or hypofibrinolysis, can occur in trauma
patients [35-37]. Major blood loss due to fibrinolysis-related co-
agulation dysfunction is a cause of increased mortality [38]. This
is a significant controllable cause of death after trauma that can be
assessed quickly and accurately using recent developments in vis-
coelastic coagulation assays [38]. When evaluating trauma pa-
tients using rotational thromboelastometry, 60% of patients

showed hyperfibrinolysis, and these patients had a significantly

Clinical trial Subjects

Design

Notes

ATACAS [28]  CABG (n = 4,631)

-Death and thrombotic complications (non-
fatal myocardial infarction, stroke, pulmo-
nary embolism, renal failure, or bowel in-
farction) within 30 d of surgery

OPTIMAL [34]
monary bypass (n = 3,079)
prime

Aged < 70 yr; mean age 53 yr

prime

-2-by-2 factorial design (aspirin or placebo
and tranexamic acid or placebo)

-Low-dose (n = 1,506): 10 mg/kg bolus + 2
mg/kg/h maintenance dose + 1 mg/kg

-No significant differences in death or throm-
botic complications (16.7% vs. placebo 18.1%;
RR: 0.92, 95% CI [0.81, 1.05], P = 0.22)

-Major hemorrhage or cardiac tamponade lead-
ing to reoperation (1.4% vs. 2.8% for the pla-
cebo, P = 0.001)

-Higher risk of seizures (0.7% and 0.1% for the
placebo, P = 0.002)

Cardiac surgery with cardiopul- -High-dose (n = 1,525): 30 mg/kg bolus + 16 -Significant reduction in transfusion (high-dose
mg/kg/h maintenance dose + 2 mg/kg

21.8% vs. low-dose 26.0%; RR: 0.84, 1-sided
97.55% CI [—c0, 0.96], P = 0.004)

-Met criteria for noninferiority: complications
included seizures, thrombotic events, kidney
dysfunction, 30-d mortality (high-dose 17.6%
vs. low-dose 16.8%; 1-sided 97.55% CI
[0,3.9%], P = 0.03 for noninferiority)

ATACAS: Aspirin and Tranexamic Acid for Coronary Artery Surgery trial, OPTIMAL: Outcome Impact of Different Tranexamic Acid Regimens in
Cardiac Surgery with Cardiopulmonary Bypass trial, CABG: coronary artery bypass graft, RR: relative risk.

414

https://doi.org/10.4097/kja.23530



higher 28-day mortality rate than normal patients (12% vs. 1% of
controls; P < 0.001) [39]. Laboratory study has shown that TXA
inhibits this type of hyperfibrinolysis [40].

Several large-scale clinical trials have been conducted to evalu-
ate the effects of TXA in patients with trauma (Table 3). The
Clinical Randomization of an Antifibrinolytic in Significant
Hemorrhage (CRASH-2) trial showed that TXA reduced mortal-
ity in trauma patients, particularly mortality due to hemorrhage
(4.9% vs. 5.7% for the placebo) [41]. The best results were seen
when TXA was administered within 3 h and if possible, within 1
h of trauma [41]. However, most subjects in the CRASH-2 trial
did not receive treatment based on the latest management guide-
lines for trauma patients, and less than 2% of the subjects re-
ceived rapid blood transfusions or specialized intensive care or
underwent damage-control surgery or angiography. Therefore,
further research is needed to determine the effects of TXA on
trauma patients in specialized trauma management. The Prag-
matic, Randomized Optimal Platelet and Plasma Ratios (PROP-
PR) study showed that TXA does not affect the long-term sur-
vival rate of severely injured trauma patients [42]. Although the
use of TXA during hospitalization in patients with hyperfibrino-
lysis confirmed by thromboelastography improved the 6-h sur-
vival rate, long-term follow-up in terms of the survival rate and
reduction in 24-h transfusion requirements showed no benefit.
Moreover, complications, such as acute renal failure or multi-or-
gan failure, have increased despite the absence of coagulation-re-
lated complications. Recent studies have also cast doubt on the
effectiveness of TXA in trauma patients given the lack of support
for long-term survival benefits after early administration (before
arrival at the hospital) [43,44].

Table 3. Clinical Trials on the Use of Tranexamic Acid in Trauma Patients

Korean J Anesthesiol 2024;77(4):411-422

Therefore, adjusting the dose according to fibrinolysis status
using repeated viscoelastic coagulation assays is necessary for the
appropriate use of TXA in trauma patients [2]. Since there are
currently no pharmacokinetic data on TXA in trauma patients, it
is recommended that 1 g TXA be administered as a loading dose,
followed by a continuous infusion over 4-8 h according to the
presence or absence of hyperfibrinolysis by viscoelastic testing
[2]. A study on the effects of TXA in the context of an advanced
trauma patient management system (prehospital antifibrinolytics
for traumatic coagulopathy and hemorrhage; PATCH) is current-

ly being conducted [45].

Neurosurgery

TXA can be administered to reduce bleeding in patients un-
dergoing neurosurgery, as these patients are at a high risk of
mortality even with a small amount of bleeding. TXA has been
reported to reduce blood loss and transfusion requirements with-
out side effects related to thrombosis in brain tumor and com-
plex skull base surgeries [46,47]. Many studies have also reported
that TXA reduces the incidence of fatal bleeding and rebleeding
after surgery for cerebral aneurysms or subarachnoid hemor-
rhages by up to 40% [48,49].

However, given the increased risk of cerebral infarction, long-
term benefits may be minimal [49]. Clinical trials on TXA in
neurosurgery have shown disappointing results (Table 4). Ac-
cording to the Tranexamic Acid for Hyperacute Primary Intra-
cerebral Hemorrhage (TICH-2) study, the use of TXA had no
significant effect on the 90-day long-term survival rate or func-

tional improvement in patients with cerebral hemorrhage [50].

Notes

Clinical trial Subjects Design
CRASH-2 [41] -274 hospitals in 40 countries
-Adult trauma patients with or at 8 h) vs. placebo
risk of significant bleeding
(n = 20211)
PROPPR [42] Hyperfibrinolysis (LY30 >3%)

(n =93)

TXA (loading dose 1 g over 10
min, then infusion of 1 g over

TXA (n = 31) vs.no-TXA (n
= 62); propensity score
matching (1:2) for demo-
graphics, admission vitals,
and injury severity

-Reduced mortality (14.5% vs. 16.0% for the placebo; RR:
0.91,95% CI [0.85, 0.97], P = 0.004)

-Death from hemorrhage (4.9% vs. 5.7% for the placebo;
RR: 0.85, 95% CI [0.76, 0.96], P = 0.008)

-The best results were found when administered within 3
h of trauma and, if possible, within 1 h

-Lower 6-h mortality rate (34% vs. 13% for the placebo,
P = 0.04) and greater volume of 24-h transfusions (15
vs. 10 units for the placebo, P = 0.03)

-No difference in the 12-h (P = 0.24), 24-h (P = 0.25),
or 30-d mortality (P = 0.82).

-No difference in the 24-h transfusion of RBC (P = 0.11)
or platelets (P = 0.13), time to achieve hemostasis (P
= 0.65), rebleeding requiring intervention (P = 0.13),
or thrombotic complications (P = 0.98).

CRASH-3: trial of the effects of tranexamic acid on death and disability in patients with TBI (traumatic brain injury), PROPPR: Pragmatic,
Randomized Optimal Platelet and Plasma Ratios, TXA: tranexamic acid, RR: relative risk, RBC: red blood cell.
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Table 4. Clinical Trials on the Use of Tranexamic Acid in Neurosurgery

Clinical trial Subject Design Notes
TICH-2 [50] -Intracerebral hemorrhage from  -International, randomized, place- -No difference in functional status (aOR: 0.88, 95% CI
acute stroke (n = 2,325) bo-controlled trial [0.76,1.03], P = 0.11) or fatality (22% vs. 21% for
the placebo; adjusted hazard ratio: 0.92, 95% CI
[0.77,1.10], P = 0.37)at 90 d
-TXA (n = 1,161, loading dose 1 g -Fewer deaths by day 7 (9% vs. 11% for the placebo;
over 10 min then infusion of 1 g aOR: 0.73,95% CI [0.53, 0.99], P = 0.041) and seri-
over 8 h) vs. placebo (n = 1,164)  ous adverse events
within 8 h of symptom onset
CRASH-3 [52]  -175 hospitals in 29 countries -International, multi-center, ran-  -Patients with a mild-to-moderate head injury

domized, placebo-controlled trial

-Adults with TBI (within 3 h of
injury, GCS score of 12 or low-
er, or any ICH on CT scan) and
no major extracranial bleeding
(n = 12,737)

-TXA (n = 6,406,loading dose 1 g :Reduced death (RR: 0.78, 95% CI [0.64, 0.95])
over 10 min) vs. placebo (n =
6,331) within 3 h of injury

: Early treatment was more effective (P = 0.005)
-Patients with a severe head injury

: No difference in death (RR: 0.99, 95% CI [0.91, 1.07];
P = 0.030) without obvious effect on treatment time

-No difference in the risk of vascular occlusive events
(RR: 0.98, 95% CI [0.74, 1.28])

-Similar risk of seizures (RR: 1.09, 95% CI [0.90, 1.33])

TICH-2: Tranexamic acid for hyperacute primary IntraCerebral Hemorrhage study, CRASH-3: trial of the effects of tranexamic acid on death and
disability in patients with TBI (traumatic brain injury), GCS: Glasgow Coma Scale, ICH: intracranial bleeding, CT: computed tomography, TXA:

tranexamic acid, aOR: adjusted odd ratio, RR: relative risk.

Therefore, despite the benefit of reducing bleeding in patients
undergoing brain surgery, the use of TXA in neurosurgery is as-
sociated with the potential risks of thrombosis and cerebral in-
farction; thus, the routine use of TXA is not recommended in
patients with subarachnoid hemorrhage [51]. The use of TXA in
patients with traumatic brain injury has also shown no long-
term benefits due to the continuous changes in fibrinolysis after
trauma. The CRASH-3 study, which investigated the effects of
TXA on death and disability in patients with traumatic brain in-
jury, showed an increase in the short-term survival rate in pa-
tients with mild traumatic brain injury but showed no benefits
in terms of long-term functional recovery [52]. A recent study
also reported that early TXA administration (before arrival at
the hospital) in patients with brain damage had no effect on the
long-term survival rate or functional recovery [53].

Although no standardized method of TXA application in
neurosurgery currently exists, the immediate bolus administra-
tion of 1 g TXA after diagnosis of a cerebral aneurysm followed
by the intermittent administration of 1 g every 6 h until the
completion of surgery or coiling procedure or until 72 h, is rec-
ommended [54].

Orthopedic surgery

TXA has been found to effectively reduce bleeding and trans-

fusion volume in orthopedic surgeries [55-57]. According to the
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retrospective cohort study of five Canadian hospitals, the most
common surgical use of TXA was orthopedic surgery (41%),
particularly for pelvic and hip surgeries, except for cardiac sur-
gery [56]. According to the clinical practice guidelines for total
joint arthroplasty [58,59], TXA is actively recommended for hip
or knee joint replacement surgery because it can effectively re-
duce bleeding and transfusion requirements, regardless of the
administration route (i.e., intravenous, oral, topical application,
etc.), without the risk of side effects due to thrombosis (Table 5).
In particular, 1 g TXA administered intravenously is the usual
dose for arthroplasty (median dose), although all of the doses
evaluated in clinical trials showed promising results [58,59]. Ad-
ministering TXA before skin incision is most effective at reduc-
ing bleeding, but additional administrations during the surgery
showed no benefit [58,59]. The use of TXA in hip fractures also
reduces the amount of blood loss (mean difference: -273 ml,
95% CI [-353, 193], P < 0.001) and transfusion volume (RR:
0.66, 95% CI [0.56, 0.78], P < 0.003), without increased risk of
thrombosis (risk ratio: 1.38, 95% CI [0.74, 2.55], P = 0.31) [57].

The optimal plasma concentration of TXA for orthopedic sur-
geryis > 10 ug/ml [56,60,61]. TXA can be administered via vari-
ous routes, but intravenous injection of a 10-20 mg/kg bolus or
multiple divided doses is most commonly used [59,62]. One me-
ta-analysis showed that combined intra-articular and intravenous
injections were more effective than intra-articular injections
alone [30].

https://doi.org/10.4097/kja.23530
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Table 5. Summary of the Clinical Practice Guidelines for TXA Use for Orthopedic Surgery to Reduce the Risk of Transfusion and/or Blood Loss [59]

Evidence Purpose Recommendation
Strongly recommended Route Intravenous, topical, oral, or combinations; all methods are effective
Dose The dose of tranexamic acid does not significantly affect the effectiveness
Multiple doses No difference
Moderately recommended Timing Before incision
Risk Does not increase the risk of arterial or VTE in patients with a history of VTE, myo-

cardial infarction, cerebrovascular accident, transient ischemic attack, and/or vas-
cular stent placement

TXA: tranexamic acid, VTE: venous thromboembolism.

Table 6. Clinical Application of Tranexamic Acid

Applications Indications Dose
Postpartum Vaginal birth: EBL > 500 ml -1 g (100 mg/ml) intravenously over 10 min (1 ml/min)
hemorrhage Cesarean section: EBL > 1,000 ml -A second dose of 1 g can be administered if bleeding con-
[12-16] tinues after 30 min or restarts within 24 h of the first dose
-All cases of postpartum hemor- -As soon as possible after postpartum hemorrhage onset
rhage (but no later than 3 h from birth)
Cardiac surgery ~ High risk of bleeding Without renal insufficiency ~ -30 mg/kg bolus + 16 mg/kg/h infusion + 2 mg/kg priming
[32-34] With renal insufficiency Minor: 25-30 mg/kg bolus + 11-16 mg/kg/h infusion
Mild: 25-30 mg/kg bolus + 5-10 mg/kg/h infusion
Severe: 25-30 mg/kg bolus + 3-5 mg/kg/h infusion
Low risk of bleeding Without renal insufficiency 10 mg/kg bolus + 1 mg/kg/h infusion + 1 mg/kg priming
With renal insufficiency Minor: 10-15 mg/kg bolus + 3.75 mg/kg/h infusion
Mild: 10-15 mg/kg bolus + 2.50 mg/kg/h infusion
Severe: 10-15 mg/kg bolus + 1.25 mg/kg/h infusion
Trauma patients  Trauma patients with or without a 1 gloading dose over 10 min
[41] risk of hyperfibrinolysis Perform a viscoelastic test for 4-8 h
If hypofibrinolysis: discontinue
If hyperfibrinolysis: 1 g infusion over 4-8 h
Neurosurgery Intracranial hemorrhage [50] Loading dose 1 g with or without an infusion of 1 g over 8 h
(51,54] Traumatic brain injury [52]
Tumor resection surgery [46] 10-20 mg/kg over 20 min followed by 1-10 mg/kg/h infu-
Spine surgery [47] sion
Cerebral aneurysm Caution for potential complication of thrombosis is neces-
Subarachnoid hemorrhage sary (ischemia)
Orthopedic Hip fracture Intravenous: 10 mg/kg for loading over 30 min before skin
surgery [58,59] incision followed by 1 mg/kg/h for maintenance infusion
Total knee arthroplasty Optionally repeated 10-15 mg/kg (after 3 h or via infusion)

Spine surgeries

Topical with closure: 1-3 g diluted in 30-100 ml NS

Complications from TXA in orthopedics are rare. The risk of
complications, such as venous thrombosis or myocardial infarc-
tion, has not been found to increase even when TXA is used
during arthroplasty in patients with coronary artery disease or
those who have had coronary stents > 8 years [63]. In addition,
the TXA dose used in orthopedic surgery (10-20 mg/kg) has
not been found to increase the risk of seizures [64]. However,

caution is advised in patients with a high risk of complications

https://doi.org/10.4097/kja.23530

due to thrombosis, such as those with a history of recent cere-
bral infarction, coronary stent insertion, and hypercoagulation,
as no large-scale prospective study has been conducted to date.

Clinical application of tranexamic acid and its
limitations

The indications and dosing strategies suggested by previous
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Advanatages and limitations of tranexamic acid

R Cardiac Orthopedic
Obstetrics Trauma Neurosurgery
surgery surgery
Also reoperation Brain tumor, Arthroplasty
Reduce bleeding spine surgery
blood loss 0 0 @
Prophylactic effect Not recommended in | Uncertain in fracture
on vaginal delivery aneurysm or
and cesarean section subarachnoid
is uncertain hemorrhage
transfusion )
Brain tumor,
spine surgery
Bleeding-associated Especially death
mortality from blood loss
In low-resources
Reduce contries
mortality
Increased mortality Increased mortality
after delayed after delayed
administration administration
Lo Q 0 @
outcomes No difference in long- | No difference in long- Neurological
term outcomes after term outcomes outcomes are
traumatic brain injury unknown
o No benefit if given Seizure risk after No benefit if given Thrombotic No increase in
Comphcatlons after 3 hours of high doses after 3 hours of injury complications thrmobosis, Safe in
delivery (cerebral ischemia) coronary disease
and other patients
limitations @ @
Adjust dosage in No consensus about
renal failure patients the optimal dose

Fig. 1. Advantages and limitations of tranexamic acid (TXA). Although TXA decreases the risk of bleeding and transfusion, the long-term outcomes
of TXA administration remain uncertain. Due to its limitations and potentially hazardous risks, TXA should be used with caution and under
medical supervision, and the benefits and risks should be weighed carefully for each patient.
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studies for TXA are summarized in Table 6 and Fig. 1. However,
as noted in this review, the clinical application of TXA has limita-
tions and potential risks that must be considered. First, TXA may
not be effective in all populations. Effectiveness may depend on
the timing of TXA administration to prevent the progression of
bleeding or the development of coagulopathy, the dose of TXA
required to achieve the optimal balance between antifibrinolytic
and prothrombotic effects, the mechanism of bleeding, and the
patients’ comorbidities. Second, as TXA is associated with an in-
creased risk of seizures, caution is advised, particularly at high
doses. Third, caution is advised when administering TXA to pa-
tients at risk of thrombotic complications. Fourth, as TXA is ex-
creted by the kidneys, dose adjustments and caution are required
in patients with renal dysfunction. Finally, data on the use of TXA
in specific patient populations, such as those with renal or hepatic
impairment, are lacking. Additionally, studies on potential drug
interactions with, for instance, anticoagulants and antiplatelet

agents are also lacking.

Conclusion

TXA is an antifibrinolytic agent that has gradually been applied
in various settings beyond its traditional use in menstrual bleed-
ing or hemophilia. TXA has been actively used in obstetrics, trau-
ma, and various surgeries. However, the long-term outcomes as-
sociated with TXA administration are uncertain, and limitations
and potentially hazardous risks remain concerning. The beneficial
effects and complications of TXA appear to be dose-dependent,
with variable pharmacokinetics and pharmacodynamics depend-
ing on the route of administration, dose, timing, and patient char-
acteristics. Therefore, TXA should be administered with caution
under medical supervision. The benefits and risks of TXA should
be carefully weighed for each patient according to the indications.
The optimal dose and timing of TXA administration remain un-
der investigation and may vary depending on the type and severi-
ty of bleeding. Further research is needed to select patients for
whom the use of TXA is appropriate and to determine the opti-

mal dosage in various clinical settings.
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